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INTRODUCTION

Due to rapid growth of population and its concentration in
cities the vertical expansion of buildings is inevitable.The
provision of water supply system in buildings with adequate
flow and pressure at all floors is prevelant problem in
developing countries. Depending upon the height, buildings are
classified as multistorey {(up to 25 metre)and high rise
(beyond 25 metre) .Water supply in buildings is done either by
upfeed system when pressure in the public main is sufficient
and supply is full time (24-hours) or down feed system when
pressure in public main is inadequate and supply is
intermittent . .The down feed system is more common and most
suitable for multistorey buildings. The water from public main
is collected in the underground tank (suction tank) and pumped
to roof tank and then distributed to branch pipes of different
floors by down feed pipe. The typical details of down feed
system is depicted in Figure-1

The design of water supply , system in building comprises of
balacing the available head with various modes of head loss in
the system ensuring that a minimum terminal pressure is
available at critical outlet (fixture) with designed flow
rate. Central Building Research Institute Roorkee carried out
studies and recommended following points for design~.

Flow rate of 15 mm diameter water outlet (tap)' which is common
fixture in residental buildings may be taken as 12.5 litres
per minute. :

ii) Residual pressure of 0.18 kg/cm2 is adequate to ensure flow

of 12.5 lpm at the critical fixture. A critical fixture may
be taken either as farthest or highest located fixture or the
one which is likely to have the lowest terminal pressure.

DESIGN OF PIPE SIZES

The water from public main is fed to different appliances in
buildings through a net work of pipes. For comfortable use of
these appliances a certain minimum hydraulic pressure is
required. The pressure may be obtained from public main or
overhead tank as the case may be . An efficient design of pipe
sizes for given situation should offer minimum required
pressure at critical fixture during peak demand. There are
different recommendations for design of pipe sizes which
varies from country to country depending upon peak demand
(based on simultaneous use of appliances) and residual
pressure. A typical design procedure for down-feed system is
described below :-



2.1 DESIGN OF DOWN-FEED SYSTEM

ii)

The local bye-law does not permit use of booster pump in the
direct public main to feed over head tank for supply. A
suction tank is therefore provided at the ground to store
water from public main and the overhead tank i1s filled by
pumping stored water. The storage capacity of suction tank
and overhead tank is kept half day’'s water requirement which
ig 200 litres per captia per day for residential buildings.
The various steps to design system are as under:-

Estimate the total fixture units (F.U) provided in _the
building as given in table-1 of I.S 12183 (part-I) 19872 »
Fixture Unit" is value asigned to different sanitary
appliances based on their use time and flow rate.

Estimate the simultaneocus flow (Fig. 1, IS—12183~1987)2

iii) Minimum residual pressure of 0.18 kg/cm2 (0.18 #H/mm?) at

iv}

v)

vi)

the critical outlet.

Ascertain available pressure from over head tank to critical
outlet.

Calculate developed length up to critical outlet. Developed
length is summation of actual length of pipe and equivalent
pipe length corresponding to fittings.

Calculate permissible head loss per unit developed length.
permissible Head loss = Available Head - { Regsidual Head ) /
developed length.

vii) Estimate the pipe diameter for calculated simultaneous flow

3.

rate a%g permissible head,using universal pipe friction
diagram~.

The same procedure is used for designing branch pipes. The
minimum branch pipe diameter shall be kept 15 mm.

FALLACIES IN DESIGN

Although water supply systems are designed by following
accepted norms and procedures and designer always endevour to
ensure equitable pressure and flow at different floors. It is
observed that lower floors enjoy high pressure and high flow
rate and upper floors low pressures and low flow rate. Thus
the water supply system fails to provide functional
requirements with respect to availability of discharge and
terminal pressure at different floors under dynamic and
critical operation conditions. The verious reasons for mal
functioning of the system are:-

Design of water supply system is usually made under static
condition.



ii) loss of head through different pipe fittings is not available
for Indian cinditions, other country codes are followed for
calculation of head loss.

iii) Pipe size and fittings manufactured in India are 15 mm of
diameter and hence it is necessary to adopt minimum 15mm
diameter branch pipes although theoratically lesser diameter
ig sufficient to meet the designed flow rate and pressure
requirement at lower floor levels.

iv) For estimation of pipe diameter, Hazen William’s formula is
used which has certain limitations.

v) Diameter of G.I pipes are expressed in terms of internal
dimension, whereas the plastic pipes are expressed in their
out side dimensions. Also there is wide wvariation in the
equivalent diameter of GI pipe and plastic pipe, Which
results in serious problems while designing pipe diameters.

4. PRESSURE EQUALISATION METHODS

For efficient performance of water supply system in
multistorey building it is necessary to achieve pressure
equalization at different floor levels. Some of the methods
used are :-

i) Control of Pressure by adjusting opening of gate valves / stop
valves provided on branch pipe. The system is effective but
tempered by occupants to get higher flow rates. Alsc valves
are costly, and head loss is quite high.

ii) Use of pressure reducing valves. These are suitable for high

rise buildings.

iii) Separate feed pipes for different floors. The system is
quite effective since top floors are not effected Dby
withdrawl of water at lower floors. But involves extra pipe
work and space, hence costly. Multiple pipes also spoils
aesthetics of buildings.

iv) Use of reduced diameter feed pipe, this system proves
effective but behaviour of system under peak demand
condition is quite different and causes noise problem.

CBRI, Roorkee, conducted experiments on a B8-storeyed Mockup
structure to achive presure equalizaticn in water
distribu&ion system under dyanamic conditions and studies
revealed® that :-

a) There 1is necessity of regqulating (reducing) pressure at
lower floors of multistoreyed buildings.



b)

i)

ii)

5.

Insertion of pressure reducing orifice of 10 mm diameter in
15 mm branch pipe gave a flow rate gf 12.0 liters per minute
and terminal pressure of 0.25 kg/cm
when all the three taps are running full open in ground
floor of 8-story mockup having static head of 25 meter.

at farthest located tap

Further experiments were carried out to establish head loss
through different diameter openings of orifice for different
flow rate. Also an equation based on experimental data was
found to determine orifice openigg for desired flow rate and
head loss. The studies concluded®.

= Flow in litres per minute.
d = Diameter of orifice opening in cm

H Head available for loss through orifice or
pressure orifice in metre
m = Dischage co-efficient, 11.56 for 4 mm

thick alluminium plate orifice.

pPercentage head loss for differnt diameter ratios (Do/Dp) of
orifice and branch pipe is B85 percent for 0.4 and 28 percent
for 0.8 depicted in Figure-2.

RATIONAL DESIGN.

Based on experimental studies and trials on a 8-storeyed
mockup structure at CBRI, Roorkee a design procedure for
multistoreyed building is described below :-

1.

2.

Calculate total number of appliances in the building say ‘n’

Consider flow rate of 12.5 liters per minute for each
appliance.

Simultaneous peak demand will be Q = 12.54Jn 1lpm
Consider terminal pressure of 0.18 kg/cm2 at critical tap.

Calculate developed length (1) = (actual pipe length +
equivalent pipe length for fittings considered on network).

Calculate head availabel for friction loss.

Head available for = Totoal head - Terminal pressure
friction loss (h)

Calculate permissible head loss per unit length of pipe
f=h/1

Determine pipe diameter for flow rate (Q) and permissible
head loss (f) (Refer universal pipe flow diagram)



Design all branches, using same procedure. Since minimum pipe
diameter is 15 mm and pressure available at lower floors is
high and small diameter could meet the required flow rate. It
is recommended to calculate orifice diameter using orifice
equation.

Q =m d%fh ......................... {1)
Where Q = Flow rate in liters per minute.
m = Coefficient of discahrge.
d = Diameter of orifice opening in cm.
H = Head available for loss through orifice or

Pressure drop at orifice in metre.
Now
a) Determine simultaneous flow rate branch pipe (Q)
b) Calculate head available for loss through orifice (H)

H = Total head available at branch - (terminal pressure +
head loss through branch pipe and fittings ).
C) Consider m = 11.56 for 4 mm thick alluminium orifice
plate.

Putting above values in equation (1) unknown diameter {d) of
orifice opening could be worked out.

CONCLUSIONS.

i) The insertion of orifice of required opening at lower
floors equalises flow rate and pressure at all floors of
multistoreyed building

ii) There is necessity of studying head loss through GI pipes
and fittings to determine accurate eguivalent pipe length.

iii) The recommended design procedure shall be installed in
multistoreyed buidlings for performance studies under
operating conditions.
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Hot water installations: potential health risks associated
with expansion vessels

M C Shouler BSc MSc and J Hall BEng PhD

Executive summary

This report has been prepared by the Public Health Engineering Section of the Building Research
Establishment for the Department of the Environment and was managed by the Drinking Water

Inspectorate.

The work required the microbiological examination of expansion vessels installed in unvented
(closed) hot water storage systems to assess the potential health risks assaciated with their use. The
contents of 35 expansion vessels, of known service lives, were analysed, along with their associated
hot and cold water services, including a risk assessment. In additdon, water was sampled on a
regular basis from four expansion vessels aver a three month monitoring programme.

Regulatory authorities, water suppliers, test houses, and equipment manufacturers (targeting those
with a specific interest in this {ield) were surveyed to establish current practice throughout the world.
This revealed different approaches to the use and application of expansion vessels, including
prohibition in some countries.

The analysis of the expansion vessels revealed one installation in which the vessel contained
legionella bactera. Thirty of the 35 expansion vessels examined had positive bacteria counts. The
presence of a biofilm in the majority of expansion vessels is contrary to clause 3.2 (b) of British
Standard BS 6144:1990: Expansion vessels using an internal diaphragm for unvented hot water
supply systems, which states that materials used in the construction ol expansion vessels that are in
contact with water should ‘not support microbial growth’,
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Consideration is given to the choice of malerials used in expansion vessels and their ability to
support a biofilm. British Standard BS 6920: Suitability of non-metallic products for use in contact
with water intended for human consumption with regurd 1o their effect on the quality of water:
Section 2.4 contains a test for determining whether there is microbiological growth, The Water
Fitiings Byelaws Scheme* approval is given subject to membrane proving satisfactory when tested
in accordance with the appropriate parts of this British Standard. Thus, approved expansion vessels

have been shown to suppon microbial growth.

The gas charges of 17% of the expansion vessels examined were found to be depleted. A depleted

gas charge allows a quisscent zone where water can stagnate.

All the expansion vessels examined had a single connection to the unvented hot water storage
system, ie the connection acts as the inlet and the outlet. Altemative types of expansion vessels are
available. One alternative is a modification of the single connection expansion vessel which has
integral inlet and outlet flow-ways, allowing water to flow through the expansion vessel each time
water is drawn from the system. A second alternative is a ‘flow-through’ expansion vessel, with
separate inlet and outlet connections, this device allows an exchange of water contained in the vessel
each ime water is drawn from the system. These alternative types of expansion vessels do not allow
a quiescent zone to occur even under fault conditions, ie depletion of gas charge, so there is less
likelihood of stagnation.

Overall, in specific applications the use of expansion vessels could present a health nsk, primanily
through the presence of bacteria. Risk situations may include healthcare facilities, such as hospitals
and nursing homes, where occupants may be immuno-compromised. Guidance is given in this
report on the installation and maintenance of expansion vessels for use with drinking water systems
to reduce this risk.

* Note: The Water Fittings and Materials Directory is published by the Water Research Centre contains the Water Byelaws
Scheme list of approved fittings and materials, The Direclory is conselied by UK Water Byelaw inspectors of the water
industry o enable compliance with the Water Byelaws to be ascertuined. It also contains a list of substances, products, and
processes for use in connection with the supply of water for drinking. washing. cocking, or food production purposes and is

published by the Department of the Environment's Drinking Water Inspectorate in the UK.
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Hot water installations: potential health risks associated
with expansion vessels

By M Shouler BSc MSc and J Hall BEng PhD

1 Introduction

This project was undertaken for the Department of the Environment in order o carry out an
investigation of the potential for expansion vessels, installed with unvented hot water storage
systems, to support and encourage the growth of bacteria, including legionella. In order to assess the
potential health risks associated with the use of expansion vessels a microbiological examination of
their contents and the water in contact with them was made. Thirty-five expansion vessels, of pre-
selected ages, were removed from unvented hot water installations to enable their contents to be
examined. Four expansion vessel installations were monitored for a period of three months 10 assess
the changes in the levels of bacteria, if present, in the vessel. This involved sampling water from the
expansion vessel, at two-weekly intervals. The hot and cold water supplies at each of the removal
and monitoring installations were analysed to examine the levels of bactena in the water deliverad at
the taps. A risk assessment of each system was carricd out.

In order to establish best current practice, a literature survey and a worldwide survey of the use and
experiences in other countries were carried out 1o establish any known health risks associated with

expansion vessels.

2 Expansion vessels

When water is heated in an unvented (closed) hot water storage system the stored water undergoes
thermal expansion. If a check valve is fitted in the cold feed 1o the system and expansion is not
accommodated elsewhere, then the water pressure will increase with the possibility of a failure of the
cylinder or associated pipework by splitting. To pr.rsun:m the waste of the water that has expanded
during heating in an unvented hot water storage system, the Water Byelaws(l) (Byelaws 90 and 91)
require that either provision be made for: the accommodation of expanded water within the water
heater apparatus or cylinder itself (eg ‘bubble top system’), the accommodation of water in a separate

expansion cistern or vessel (see figure 1), or the accommodation of water in the cold feed supplying




the system. When installed, the expansion vessel is sized 10 have a capacity of 4% of the volume of
the unvented hot water storage system it serves. BS 61442) specifies the requirements for the
manufacture and testing of expansion vessels for use with unvented hot water storage sysiems.
Clause 3.2 of this British Standard requires that all material used in the construction of the expansion
vessels should ‘not support microbial growth’. The Water Byelaws (Byelaw 7) requires that *No
material or substance which causes, or is likely 1o cause, contamination of water shall be used in the
construction or installation of any pipe or water fitting which conveys or receives water supplied for
domestic purposes.”. The requirements for testing non-metallic materials, such as expansion vessel

membranes, are specified in BS 692000

Figure 1 - Expansion vessel in an unvented hot water storage system (diagrammatic and not to scale)
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3 Site procedures
The expansion vessels examined were selected from a database of unvented hot water storage
systems compiled at BRE since 1987. The choice of installations for the study was determined by

Drinking Water Inspectorate’s requirement that they conform to a selected age in service and the type




of building the unvented hot water system served, eg healthcare Facility or domestic. Ateach

installation a risk assessment of the water system was undertaken to assign a level of health hazard.

Table 1 - Scrvice age ol expansion vessels

Service age of expansion vesscl Number examined” Number specificd by DWI
between one and lwo years 8 4 vessels
between two and three years 8 (1) 4 vessels
between three and four years 0 (3) 6 vessels

over four years 10 10 vessels

E - 1 - . - - -
Numbers in parentheses indicate the age gronp of the four monitoring installations

3.1 Hot and cold water sampling

The procedure adopted for all sampling, except for the four monitoring sites, was to collect waler
samples taken from the hot and cold water taps and the expansion vessels. The samples from the
taps were taken afier allowing the water to flow t'nr: two minutes, noting the minimum and maximum
water temperatures. In general, the cold water was sampled from the main water supply, eg Kilchen
tap, and the hot water was sampled from an outlet near the water heater. A chemical analysis of the

cold water was undertaken to indicate the *hardness’ of the water supply.

3.2 Expansion vessel removal

A total of thirty-five expansion vessels were removed lor analysis (this included the four long-term
monitoring installations). At each installation the procedure for removing the expansion vessel and
replacing with a new vessel, as described in appendix I, was followed. The procedure allowed a
quantity of water from the sysiem to be included in the expansion vessel which was necessary for
the analysis. The vessels were transported, at ambient temperature, to the laboratory for

microbiclogical analysis within twenty-four hours of removal.

3.3 Monitoring of the four expansion vessel installations
An assessment was required of the changes of the microbial parameters at four long-term monitoring
sites. The locations selected were two private dwellings, a hospital, and a school:

Site A School,




Site B Private dwelling,
Site C  Private dwelling, and

Sie D Hospital.

To enable samples to be taken, a sampling valve W

samples were taken at two weekly intervals [ora g

as installed near the expansion vessel. Waler

leriod of three months, see appendix I, giving a

total of seven samples for each location. At the end of the sampling periad the expansion vessels

were removed and transported, at ambient tlempery

of remaoval, for analysis.

4 Microbiological assessment technigue
The samples from the hot and cold water supplies

3.2 and 3.3) were analysed for:

total colony counts at 22°C and 37°C,
« tptal coliforms at 37°C,

« Ecoli,

« pseudomonads,

» aeromonads, and

*  legionella

Appendix II gives the procedure used to abtain wig

ture, 1o the laboratory, within twenty-four hours

(section 3.1} and the expansion vessels (secuon

ter/biofilm samples trom the expansion vessels

and details of the analyses undertaken and appendix IIT is a record of the results.

5 Survey of the use of expansion vessels

in other couniries

Information was sought on the use of expansion vessels throughout the world by contacting

regulatory authorities, water suppliers, test houseg, and equipment manufacturers. A questionnaire

(see appendix IV) was sent to identified experts. In summary, some countries, (Australia, Holland,

Ireland, Finland, and Denmark), do not use exparjsion vessels with hot water storage systems and

about half those responding were aware that there| were health risks associated with expansion

vessels. In Germany a new specification for expansion vessels is in preparation, draft DIN 4807




(NHRS 1.46 UA 5 N 30) which requires that materials in contact with the drinking water shall
comply with DVGW specification W 270 (Microbiological growth on materials intended for use in

drinking water systems).

6 Microbiological results
Appendix 11 gives the results of the microbiologichl analysis of the 35 expansion vessels, including
the monitoring sites. In addition, hot and cold watgr sample analyses are shown. In comparison, the
UK Water Supply (Water Quality) Regulationst*) require that water supplied to a premise should not

exceed the values shown in table 2.

Table 2 - Maximum allowable concentration of midrobial parameters

Parameter Units of measurement Maximum allowable concentraton

Total coliforms number/ 100 ml 0*

Fazcal coliforms number/ 100 ml 0

Colony counts number/] mlat 22°C or 37°C | No significant increase over that
normally observed

* subject to criteria 3(6) of the Water Supply (Water Qualify) Regulations, ie
95% of the samples taken during the preceding year establish the absence of such celiforns, or
if less than 50 sminples have been aken, the last 50 sumpley taken establish the absence of sucl eoliforms

At seven installations only the contents of the expansion vessel were analysed. These were additional
to the requirement of the specified programme The hot and cold water samples at these installations
were not analysed. These are shown in Table 4c¢.

The bacteria and the legionella counts are discussed in sections 6.1 and 6.2.

6.1 Total bacteria count
In the present study 30 of the 35 of the expansion yessels examined contained a higher bactena
counts than the incoming cold water supply, althotgh bacteria counts [rom the biofilm/water content
of the expansion vessel cannot be directly compargd with water bacteria counts. A visual inspection
of the expansion vessels by the microbiological laberatory indicated that most of the membranes
within the expansion vessels supported a biofilm and contained discoloured water, although there

was no correlation between the discoloration of a Jample and its bacteria count.




The four monitoring installations exhibited a large yariation in bacteria counts over the three month
period of monitoring. Figures 2a to 2d show the va Hation of the total bacteria counts, in colony
forming units (cfu) per ml, cultured for 24 hours at 37°C, and 72 hours at 22°C for the four sites.
Site D, the hospital, had a consistently higher total bacteria count than the other monitoring
installations. The total bacteria counts at the four mpnitoring installations varied with maxima as

recorded in table 3.

Figure 2a - Total bacteria count 24hr/37°C and 72h1/22°C for monitoring installation A
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Fizure 2b - Total bacteria count 24hi/37°C and 72h/22°C for monitoring installation B
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Figure 2c - Total bacteria count 24hr/37°C and 72hr/22°C for monitoring installation C
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Figure 2d - Total bacteria count 24hr/37°C and 72h +22°C for monitoring installation D
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Table 3 - Maximum total bacteria count at long-lerin monitoring siles
Installation 24hr at 37°C (cfw/'ml) T2hr at 22°C (chw/ml)
Site A 45 1,100
Site B 127 3,600
Site C 26 2,700
Site D 60,300 1,210,000

cfu: colony forming uniis

6.2 Legionella

One expansion vessel contained legionella. A count greater than 25,000 colony forming units per

litre of L. pneumophila serogroup 8 was determingd. The system, with a replacement expansion

vessel in place, was sampled at the hot and cold water taps after a period two weeks. The subsequent

analyses did not detect legionella. Water from the replacement expansion vessel was not sampled due

1o the short period of use.




7 Risk assessment summary

To assist in the understanding and interpretation of

the results of the microbiological survey, a risk

assessment was carmied out for each of the 33 installlations. The nsk assessment was based on the

Guide 1o Risk Assessment®) and examined the [oll

a) Quality of the cold water feeding the water supp

v)

WHler Lemperaiures,

contamination that may lead to mics
stagnation of stored or distributed ¥
malterials and littings meeting the g
assessed by reference to The Water

monitoring of water conditions, eg

b) Hot waler system

1)
i)
iii)

iv)

vi)

hot waler lemperatures within the 4

any wemperatures that fall within the

owing:

y system

o-organism prolileration,

vater,

quirements of the Water Byelaws. This was
Fiuings and Materials Directoryt®)®, and

tanks.

Jaler system,

range 20 - 50°C,

potential to collect pockets of sludge within calorifiers, eg unvented hot water storage

systems,

any site programmes for eleaning a
stagnation within the unvented hot
other associated factors, such as vu

showering,

*Note: The Water Fittings and Matenals Direclory

the Water Byelaws Scheme list which is consulied

indusiry to enable compliance with the Water Bye]

substances, products, and processes [or use in con

nd/or disinfection,
water storage systems, and

Inerable users who may inhale bactena whilst

is published by the Water Research Centre. It has
by UK Water Byelaw inspectors of the water
aws to be ascertained. It also contains a list of

nection with the supply of water for drinking,

washing, cooking, or food production purposes and is published by the Depariment of the

Environment’s Drinking Water Inspectorate in thel

The condition of unvented hot water storage systej

investigated on site. Tables 4a, 4b, and 4¢ give a S

UK.

ms and the charges in the expansion vessels were
ummary of the assessed risk assessment (RA)

9




based on all the above criteria. The levels of hazargd 0, 1, 2, and 3 relaw Lo the possibility of the

waler system harbouring and transmitting baciena
of hazard used for this work are based on UK's C

Hazard level 0: risk insignificant now - no

Hazard level 1: identified risks are present)

in the future.

Hazard level 2: risks are known, if control

increase in the future unless

and reviewed.

to the occupants of the beilding. The definiuons
(OSHH Regulationst?) and defined as:
reasonably loresceable increase in the futore.

they are controlled but could foreseeably increase

measures are not implemented the risk will

control measures are implemented, maintained,

Hazard level 3: uncenain about the risks, insulficient information, uncertain about degree and

extent of exposure, additional information and monitoning required.

In general, the water systems in the dwellings wen
than the other building types, although no correlati
levels and the high bacteria counts. High bactena ¢
attributed 1o a single installation condition (ez age
installation with the expansion vessel in which L.
features that indicated that it would be more liable

examined.

= assessed as having lower assessed hazard levels
on was identified between the assessed hazard
ounts at a particular installation could not be

of expansion vessel) or set of conditions. The
pneumophila serogroup & was detected had no

1o contain the bacwena than the other installations

10




Table 4a - Summary of risk assessment - expansiof vessel long-term monitoring installations
Ret | Use of Cyl | EV | Di/ | Insul | Whter | Stag. | Wawr temp. | EV Hi | Haz
No | building age | Ind SMH Charge | TVC
YIS | Cold | Hot
A | Schooel G/S | 23 |Dir | N H P 13 |45 Y Y 2
B |Dwelling |Cu 3-4 | Ind X S N & 58 Y N 0
C | Dwelling | Cu 3-4 | Ind N M N 10 76 Y N 0
D | Hospital G/S | 34 |Dirt|] Y | S Y 14 70 Y Y i)
Table 4b - Summary of risk assessment - expansiop vessel replacement installations
Ref | Use of Cyl | EV | Di/ [ Insul | Whter | Stag. | Water lemp. | EV Hi | Haz
No | building are | Ind SMAH Charge | TVC
YIS Cold | Hot
1 | Uniaccom | Cu 1-2 | Ind N 5 P 13 44 A Y 2
2 | Uniaccom | Cu 1-2 | Ind*| Y S P 9 66 Y % ]
3 |Hospital |G/S | 1-2 | Dir Y |8 N 13 53 Y 3 1
4 |Dwelling 2-3(Ind | Y |5 N |11 |58 Y Y | 0
5 |Restaurant |G/S | 2-3 | Dirt | N H N 9 63 Y Y 2
6 | Commercial| S 2-3 |Ind*| N H P 10 | 62 Y Y 1
7 | Golfclub |G/S | 2-3 | Dir Y | H N 10 | 53 X Y 2
8 | Commerciall G/S | 1-2 | Dir i S P 9 45 Y NIL| 1
9 | Uniaccom | Cu 2-3 | Ind Y S P 9 69 i ¥ 1
10 | Uni accom | S 2.3 |Ind*| Y | S P 10 | 70 Y N 1
11 | Dwelling | S 3-4 |Ind*| N M N 10 | 65 Y o 0
12 | Dwelling | S 7+ |Ind*| N S N 8 68 Y N 0
13 | Dwelling | Cu O+ |Ind*| Y | S N 9 72 X N 0
14 | Nursinghm| G/S | 1-2 |Dir*| Y | M N 10 | 42 Y |NL]| 1
15 | Scheol G/S | 34 | Dir b P 8 48 X b 1
16 | Commercial| Cu 1-2 | Ind N M ) 11 18 Y Y 2
17 | Hospital | G/S | 1-2 | Dir Y | & P 14 | 59 T Y 1
18 | Commercial| Cu 4-5 | Ind N S E 8 52 g N 2
18 | Dwelling | Cu 6-7 | Ind N S N 9 55 g N 0
20 | Dwelling | Cu 3-4 | Ind N S N 10 6l i N 0
21 | Dwelling |Cu | 4-5|Ind | N | S N |9 |60 X N | o
22 | Comm. ctre| Gyst | 4-5 | Dir Y | S N 8 67 Y |NIL| 2
23 | Commercial| S 6+ |Ind*| N | S X |1 |12 b Y | 2
24 | Hospital G/S | 3-4 | Dir ¥ S N 12 52 X b § 0
Table 4c - Summary of risk assessment - installatigns additional to the requirement of the programme
Ref | Use of Cyl | EY | Di/ [ Insul | Wheer | Srag. | Watertemp. [ EV Hi | Haz
No | building age | Ind SMiH e Charge | TVC
_ yrs Cold | Hot
1 |Dwelling |Cu 34 [Ind | N N 10 | 65 Y Y | U
i |Dwellng |[Cu 2-3 |Ind | N N 12 |3 b 4 N 1
iii |Dwelling |[Cu 2-3 |Dir | N P 9 76 X 8 1
iv |Medical ctr | Cu 2-3 | Ind Y | M N 11 62 N NIL| O
v |Nursinghm |G/S | 1-2 | Dir*| N S N 10 66 Y N 0
vi [Nursinghm | G/S | 1-2 |Due*| Y S N 11 69 Y Y 0
vii | Shop Cu | 1-2|Dic*| N | S Yy |9 |62 X Y | 2
Key: Cylinder: Cu - copper, § - steel, GfS - glass [ined steel,

DirfInd: Direct fircdfindireet fired, *possible heat

Insul:

Water SMA/H:
Stag:

EV chorge:

Haz:

1 - non-Water Byelaws Scheme (WTS) listed malerials

nsfer 10 expansion vessel

Insulatien en pipework adjocenl tp capansion vessel
Water hardness: 5 < 100 < M < 200 < H ppm,

Stagnation of waler in system P
X - low cxpunsion vessel churge
Hi TVC: High tota]l visble hacterin count Y yes, N:

Huzard level 0-3

o

ssibility, M; no.
essure, Y - pressune comect




8 Water services

Traditionally, in the UK, domestic hot water has b
roof space of a house and a vent pipe from the hot
open to atmospheric pressurc: these systems are k
produces a low pressure (the pressure available is

outlets) at the cylinder which is generally construe

en supplied from a water cistern positioned in the
water cylinder lerminates over the cistern and is
nown as ‘vented’ systems, Therefore, the system
sreated by the height of the cistern above the

led from copper. The water can be either heated

directly (eg by an immersion heater) or indirectly (eg by a primary coil from a boiler).

Since 1985 Building Regulations'®) in England ang
regard to over-lemperature, of unvented hot water
Byelaws have allowed the connection of mains fed
storage systems do not have a vent pipe to almosp

supply, although they can be supplied [rom a tank

A study in the USA®) showed that in raw waler 5¢
10¥ colony forming units per litre, Alter chlorinat
networks, the counts drop to between 1P and 10}
have shown a proportion of between 7 and 25% o
legionella; these were ad hoc studies not associate
the likelihood of the presence of legionella in a wa
construction and installation, and debnis contamin:
conditions at temperatures between 20 and 46°C. 7

the water at the outlet and the possibility that the w

Previous studies have found a lower frequency of
A number of reasons for this could be that:
1. in small systems the through-put of wale
of walter daily,
ii. in small systems the pipes are purged i

ii1. in Smnall systems the pipe runs are short

| Wales have controlled the installation, with
storage systems and since 1987 UK Water

| systems of all capacities. Unvented hot water
here. Most are fed directly from the mains water

and a boosting pump, if needed.

yurces counts of legionella can be between 10# and
on at treatment works, in water distribution
cluflitre. In cold drinking water services studies
[all water outlets as being determined positive for
d with outbreakst19). A number of factors effect
Lur system. They are temperature, materials used in
ting the water. Legionella multiply most in water
"here is a relationship between the temperature of

ater will contain legionella; see appendix V.,
legionella in systermns less than 300 litre capacity.

r is usually high, normally with a complete change
cquently as taps are used often,

and there are few deadlegs, and

12




iv_ rust at the bottom of large cylinders has

although rust in smaller cylinders could har

9 UK legislation and guidance
UK legislative requirements for reducing the risk o
VI, including requirements on persons responsible
equipment The Health and Safety Commission’s 4
prevention or control of legionellosis (including Le
where waler is used or stored and where there is th
could give rise to a risk of expasure 1o the legionell
the requirements of the Health and Safety at Work
Hazardous to Health Regulations 1994, with regarg
puidance on sections 2, 3, 4, and 6 (as amended by
Health and Safety at Work etc Act 1974 and Regu
Substances Hazardous 1o Health Regulations 1994
include:
* cooling lowers,

gvaporative condensers,
hot water services (storage capacity gre
hot and cold water services with person
hurmnidifiers and air washers,
spa baths and pools, and

generally systems or equipment where

been found to have a high legionella content,

pour legionella,

[infection by legionellosis are listed in appendix
for the design of water supply systems and
\pproved Code of Practice (ACoP) - The
oionnaires’ disease)(!!) covers any work activity
: possibility of inhalation of water droplets which
n hacteria. The ACoP gives practical guidance on
»tc Act 1974(12) and the Control of Substances

1 10 the risk of lepionellosis. In particular, it gives
the Consumer Protection Act 1987) of the
ations 6, 7, §, 9, and 12 of the Control of

It identifies a number ol areas at 1isk, which

hter than 300 lite),

s at a high level of susceptibility,

here is a risk that water may exceed 20°C and

where there is the possibility that aerosgls may develop.

The ACoP outlines the requirements that employers and others should undertake in order to comply

with their legal duties:

identify and assess sources of risk,

prepare a scheme [or preventing or con

implement and manage precautions,

Irolling the risk,




keep records of the precautions implem
+ appoint a person o be managenally res
The ACoP does not include detailed methods of m
on appropriate good practice, the need for a detaily
maintenance to be compiled. The legislative requirg
precautions and measures should be taken. A deta
will determine the limit to which preventive measu

The Health and Safety Executive’s document, "The

disease’ HS(G)7013) gives further technical guida

cnted. and

ponsible.

nimising the risk of infection. It gives guidance
d plan of risk avoidance, rccords of use, and
ment of the ACoP is that ‘reasonably practicable’
ed cost-risk analysis should be carried out which
res should be taken.

control of legionellosis including legionnaires’

nce on minimising the risk of legionella. The

document outlines the competence and responsibilities of personnel managing and operating systems

that are at risk from colonisation of legionella. The
suppliers and installers are outlined. Examples of tf
« manulacturers should ensure that their

not use products which support the gro
readily drained and cleaned, and that ad
operation and means of controlling the
system installer should ensure there arg
stagnation, and

the installer or consultant should ensury
and commissioned and will work safelf
The Chartered Institution of Building Services Eng
‘Minimising the risk of legionnaires’ disease TM 1]
Health and Safety Executive Guidance Note, HS((

the design , operation, and mainwenance of hot and

10 Discussion

responsibilities of manufacturers, importers,

nese responsibilites include:

sroducts comply with water byelaws, that they do
wih of micro-organisms and that plant can be
equate information is supplied on correct

risk,

no unnecessary deadlegs and other areas of

: that the system is properly designed, installed
Y.
inecrs’ (CIBSE) Technical Memorandum:

3: 1991714). This document complements the
5)70, giving further practical advice. This includes

cold water services.

This work has shown a low occurrence of legionella in the systems examined, with only one

positive result from the 35 expansion vessels exam
the UK on domestic hot waler systems have produ

has shown the presence of legionella in 69 of the 2

ined. Studies carried out in countries other than
ced differing results. A Canadian study (1991)13)
11 unvented hot water systems where water

4




samples drawn from hot water taps were examingd
method of water heating, oil fired bumer or gas firs
presence of legionella. Legionella only occurred in
may be due to the fact regions of water are not heat
temperature. This contrasts with the lindings of a 5
which legionella was detected in only 2 of 40 ventd

In this case the legionella were in systems that had

Work carried out in Germany!!") on expansion ves
the UK, gave a higher rate of legionella colonisatiq
‘flow-through’ type expansion vessels fitled on 103
building occupied by 50 people, were examined. *
produce a guiescent zone in which water can stagn
were not found in the cold water supply to the syst
flowing from the expansion vessels. One of the ex

showed the presence of a biolilm containing legion

In the present study, the high bactena counts at lon
linked to two installation tactors. The expansion v

fired unvented hot water storage vessel, see hipure

. The results sugeested a strong link between the
+d bumner, or ¢lectric immersion heater, and the
systems with electric storage waler heaters. This
d 1o the desired thermostatically controlled
imilar study(!16) conducted in the UK in 1992, in
rd domestic hot water storage vessels examined.

water heated directly by gas-fired bumers.

sels of a larger size than that commonly used in

n than found in the current study. Two 80 litre
00 litre water heaters, providing hot water for a
Flow-through” system expansion vessels do not
nte, even when the gas charge is lost. Legionella
em, although legionella were present in the water
pansion vessels was removed for analysis, which

ella.

g-term monitoring site D, a hospital, may be
»ssel was situated close Lo the top of a direct gas

5 3a and 3b, and so the lemperature was raised, by

radiant heat transfer, on one side from the flue pi
This gave rise to a temperature gradient across the
contained in the expansion vessel would be at a hi
Therefore, it is possible that water lemperature wi

of legionella. Also, the system had a pumped seco

which took hot gases away from the burner.
pansion vessel which meant that the water

her temperature than the incoming mains water.
in the vessel are favourable to the multiplication

ndary return, controlled by a timer, which could

cause prolonged periods of stagnation in the returr to the water heater when the pump was switched

oft.




Figure 3a - Unvented hot water storage systein - Site D

=
e
(L ¥t foiely
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Fizure 3b - Close up of expansion vessel positioned near the flue pipe - Site D

Although British Standard, BS 6144: 1990, for expansion vessels requires that the effect of the
material used in its construction should ‘not support microbial growth” and the UK Water Byelaws
Scheme requires this to be by compliance with BS 6250, there is evidence from this study that the
majority of vessels contained a biofilm on membranes. The type of expansion vessel commonly used
in the UK has a single entry connection. Water can remain in the vessel in contact with its membrane
for long periods of time. In fact, the vessel can hecome a deadleg if its gas charge has become
depleted, containing water which will not undergo frequent exchange with water in the system. In
this study, it was found that 6 of the 35 expansion vessels had low, or zero, internal pressure. There
was no exclusive correlation between an expansion vessel losing its charge and a high bactena
count, although there is a reasonable probability that a depleted expansion vessel may encourage the

multiplication of bacteria.

11 Design considerations
The desizn of a hot water supply system is an important aspect in reducing the risk of bacteria
srowth. Poor design and maintenance of water services can lead to conditions where legionella can

17




multiply and become aerosolised. British Standard BS 6700K18) gives guidance on the good design
of water services for buildings 10 reduce the risk. For example, if hot and cold water pipes are to be
run together, cold pipes should be run below to minimise unwanted heat transfer and long pipe runs

should be insulated, if necessary.

In a water system it is undesirable to allow the following:
conditions that can cause stagnation, ¢g deadlegs,
+ conditions that allow a biofilm to form, eg materials that allow colenisation by bactena,
» conditions that allow the multiplication of bacteria (especially legionella), eg emperatuare,
and

- the formation of acrosols where water is between 20°C and 46°C, eg spray taps.
Stagnation can be caused by deadlegs from poorly designed systems, from subsequent modification
of the system, and from oversizing waler storage tanks. Stagnant water could be heated by the local

environment, encouraging the growth of micro-organisms, or biolilms.

The formation of aerosols can convey water-borne bacteria which may be inhaled by persons in and

around a building. Aerosol formation should be avoided wherever reasonably practicable.

The following should be considered when designing and installing a water system:

1. deadlegs formed when piping is remote from the main flow of the system should be

avoided, This may occur when pipe runs and terminal fittings become disused, especially

in large buildings. Deadlegs should be minimised;

= 2. the use of aerosol forming terminal fittings, such as showers and spray taps, should
be avoided in buildings used by immuno-suppressed persons;

« 3. the maintenance of the correct pressure charge in expansion vessels to ensure that a
stagnation zone cannot be created;

= 4. heat transfer to the expansion vessel from other parts of the system and the

surrounding environment should be minimised or eliminated. Heat transfer can occur by

conduction through the connecting pipework and water and radiant heat transfer from hot

18




surfaces. such as flues. Such conditions may lead to a temperature gradient across the
expansion vessel which could give rise 1o temperature favourable to the multiplication of
bactlera,

5. the method of heating the water in the cylinder should be such that the temperature of
stored water cannot ereate favourable conditons for the multiplication of bactena;
legionella multiplies most at emperatures between 20°C and 46°C;

6. cylinders should be designed so as not 1o encourage debris retenuon. For example,
cylinders with domed bases allow the accumulation of debris, such as rust, which cannot
be drawn through the eylinder with the normal {low of water. This debris can build up
and produce conditions which are favourable to the multiplication of bactena;

7. materials in contact with water should not support microbial growth. The materials
used in the construction of water systems should be carefully chosen. Certain materials
support the growth of micro-organisms. Natural rubber sealing washers and gaskets or
non-suitable materials should be avoided as they may aid the multiplication of legionella.
In the UK, the materials used must be suitable for the application, eg meet the
requirements of BS 6920 and the Water Byelaws Scheme, ie be listed in the Water
Byelaws Fittings and Materials Directory;

8. the oversizing of the hot water storage vesscl and the water supply cistern (if installed)
can create conditions in which water may not be flushed through the system, but may be
retained in quiescent zones. Careful consideration should be given to the amount of hot
water required from a hot water storage system in order that it may be sized correctly,

9. in the UK, the cold water cistern for new installations should meet the requirements of
Water Byelaw 30;

10. infrequently used systems will have water which is stagnant for long periods.
Examples include emergency showers and systems in holiday homes. The temperature of
the water in emergency showers should be maintained at below 20°C;

11. water conditioners, such as water softeners, require regular cleaning and maintenance
to ensure that their ion exchange resin beds are free from debris and organic material. If

not, they may produce conditions favourable to the multiplication of bacteria;

19




12. filters used to remove debris from {he water supply to protect valves, eg pressure
reducing valves, should be cleaned reghlarly;

13. cracked water mains below-ground can result in infiltration of debris and bactena.
14. cross contamination and backlflow should be eliminated;

15. a programme of maintenance, cleaning and disinfection should be undertaken, where
appropriate, as specified in BS 6700 fgr the UK; and

16. the disinfection of water systems on commissioning, as specified in BS 6700 for the

UK.




-

12 Conclusions

This study has shown that bacteria, including legig
levels higher than the incoming cold water supply
contained bacteria, with onc vessel containing legl

delivery taps than those determined in the expansic

cerain bacteria in water.

The following points should be considered with re

wiler Sy SslEms.

1. Although no positive link has been made betweg

and the depletion of its internal pressure charge, re

would be appropriate practice in, for example, heal

to prevent the stagnation of water in the expansion

2. An alternative construction of expansion vessels

observed in the convenlional design of vessel. A*
exchange of water in the vessel with the incoming
used,

3. The position of the expansion vessel, with rega

nella may be present in expansion vessels, at
85% of the 35 expansion vessel examined
onclla. Bactena counts were lower at the hot walter

n vessel; there is a risk to health associated with

oard to the use of expansion vessels for drinking

n the detection of bacteria in expansion vessels
zular maintenance (every year, for example)
theare premises. This would be appropnate action
vessel in all cases.

could reduce the risk of having stagnant waler
low-through’ design, in which there is an

waler supply as waler is drawn for use, could be

rd to local heating sources, is a factor that can

affect the rate of multiplication of bacteria. This huL,urd could be reduced by positioning the

expansion vessel on the cold water supply to the system away from heating sources. This is

especially important when the expansion vessel is psed in conjunction with gas or oil fired water

heaters where hot flue gases are produced. The positioning of expansion vessels could be

incorporated in future revisions of British Standard BS 6700, test house specifications, and other

appropriate specifications and standards.
4, The design considerations given in section 11 s}
document dealing with the design and installation

expansion vessels.

would be considered for use in an appropriate

of hot drinking waler systems specifying




13 Future work

1. Other methods of accommodating expanded waler in unvented hot water systems should be

examined. The ‘flow-throush’ type of deviee, which has an exchange of water with the incoming

mains supply, as water is drawn should be investigated, under service conditions. Another device

available in Germany{!?), similar to the expansion vessels used in the UK, allows a quantity of water

to divert from the main flow into the water heater {0 pass in and out of the expansion vessel. In

effect, the single connection to the vessel contains jnlet and outlet flow ways. This means that there

is an exchange of water in the expansion vessel with the incoming mains water, even if the

expansion vessel charge pressure becomes depletetl.

2. The use of the ‘bubble 10p’ expansion accommogdation should be examined as the interface

between the air bubble and the heated water could be a place favouruble to the multiplicaton of

bacteria.
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Appendix I - Procedures carried ouf on site

Procedure for installing sampling
1. Isolate the system [rom the mains water supply
2, Remove pressure {rom system by opening hot L
3. Clean thoroughly, with methylated spirits, ‘tee
4. Fit "tee and drain’ {itting.

5. Recommission system (eg. open stop valve, et

Procedure for taking water samples
monitoring  sites

1. Isolate the system from the mains water supply
2. Completely deplete the charge Irom the expansi
3. Remove pressure from system by opening hot t
4. Connect sterile tubing to drain port in order to f;

5. Open drain valve and collect the water sample i
expansion vessel (1o force water from expansion

6. Close drain valve and remove tubing.

7. Recharge new expansion vessel to manulacture

8. Recommission system (eg. open stop valve, eig.

Note: Water samples are to be taken from the hot 3
monitoring.

Procedure for removing and replag
1. Deplete the charge from the expansion vessel by
2. Isolate the system [rom Lhe mains water supply
3. Remove pressure {rom system by opening hot t
4. Remove expansion vessel and fit with sterile ca
5. Refit replacement expansion vessel.

6. Recharge new expansion vessel o manufacture

7. Recommission system (eg. open stop valve, el

alve
by closing stop valve.
ap until water flow ceases, then close hot tap.

ind drain’ [itung.

).
from expansion vessel at

by closing stop valve.

on vessel by depressing the shraeder valve,
ap until water [low ceases, then close hot tap.
aeilitate draining.

h a sterile container whilst pressurising the
rassel).

's specilications.

).

ing expansion vessel

y depressing the shraeder valve.

by closing stop valve.

np until water [low ceases, then close hot tap.

n (cleaned with methylated spirits).

r's specilications.

O

b
-
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Appendix II - Microbiological pro
The following procedure was used o obtain water
The expansion vessels were delivered to the labord

flange plate connecting the expansion vessel o thy

edure

biolilm samples [rom the expansion vessels.
lory with amounts of water inside them. The metal

s waller system was unbolled, levered open, and

removed. This exposed the interior of the rubber membrane, The water volume was adjusted so that

the expansion vesscls all contained 500ml (any ad|
at the time of removal of the expansion vessel, [ro

membrane was then scrubbed vigorously with a st

{itional water was taken from a sample removed,
m the connecting pipe). The inner wall of the

erile brush to disledge adherent biofilm which

became suspended in the 500ml of water contained in the expansion vessel. The latter was then

processed as a water sample with counts being gug

The tests for Coliform Organisms and Escherichia
aeruginosa counts were performed by the methods
filtration method. Total viable counts at both 22°C

method (carried out in accordance with Report 71)

ted per ml or 100ml of water.

Coli, Pseudomonads and Psendomonas
quoted in Report 7120 using the membrane
and 37°C were carried out by the Pour-Plate

using yeast exiracl agar.

Aecromonas bacteria were tested as follows. Quantitation was carried out by membrane filtration of

100m] of water. The filter was then incubated on hile salt Irgasan Brilliant green agar for 24 hours at

37°C. Yellow coloured colonies (1.5 - 2.0 mm din
production. Oxidase positive colonies (presumptiy

to 0129, the ability w ferment dextrin and mannitg

meter) were counted and tested lor oxidase
e Aeromonads) were further tested [or resistance

1, and failure to grow in the presence of 6% NaCl.

Legionella isolation was carried out according to the BSI DD211: 1992(21) ysing the centrifugation

method for concentration of the water sample.
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Appendix IIT - Microbiological results

First sampling occasion

Date of sample : 17/1/95 Date received @ 1771795
Tt bocteria Culifurm Pseudimmice Aerunnonay Legionella
Sample efu Fml count f 100m] . qeruy
AL FATCY P Qe I2C tistal faeeal | O0uand 10l 1001ml cliu [ litre

Sile A

Mains cold Q 17 13 1] L] 0 1] MNew Detected
Damestic lot il 1] 1] (1] L[] 0 1] Beod Dietected
E. V. waler 1 30 1] 1] [} 0 1] Mol Derscted
Sile B

Maing cold 1 u a u a 1} [ Mot Desecled
Domestie hot 22 43 i n | U L] Mot Detected
E.V. waler u i ] ] ] i} ] Mo Detected
Site C

Maing cold 2 1} (] o 0 o 1] Mot Detected
Domestic laot 1 1] ] 1] L[] 0 1] Mot Detected
E.V. water 24 =301 1] 1] 0 1] 1] ol Detecied
Site I

Mlains cold 1] 4 1] (1] i 1] L Wot Detected
Domestic hiot il £ 1] L] i 0 a Mot Detected
E.V. waler 1} 4 o a 0 0 0 Nea Dedected

E.V. water: water sampled from the expansion vessel
Limit af legronella deiection: 100 cfuditre
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Second sampling

occasion

Date of sumple : 31795

Date received

3111495

Tulul hadera Culifurm Paicudiminros A P LIS Lepiunella
Sample cfu / ml count £ F00ml L aeTug
W dITC| Plef22°C ual faccal | Okind 1000 100l cfu £ lire

Sile A

EV. water o Lixi? 0 o B o o Nod Detected
Sile B

E.V. walcr 1] 0 1} 0 1] o i Mow Detecied
Sile C

EV. waler [ 184 0 0 1] 0 U Mot Dretected
Site D

EV. waier 4210 = 1x108 0 i [} U 0 Mot Dretected
Third sampling occasion

Date of sample @ 13-14/2/95 Dute received @ 14/2/85
Tolad bacieria CuliTorm Preudisrinimnas AeTnmanan Lepiuvncila
Sample efu / ml counl /10l . ICTUE
dhedITC| T2 e d32°C tral faecal | Dbia] 100! 10800l chu [ lire

Site A

Miains cold ki i} (1} 1] o 1] 0 Mal Detected
EV. water 43 110 1} 1] =500 0 0 Mot Detected
Silc B

EV. waer 127 68 1} i 1] 1] 0 Mot Derected
Sile C

EV. waler an YIH) [T} ] 1] 1] a Not Drerecred
Sile D

E.V. water x1i Lox1i® 0 o 0 U (] Not Detected

E.V. water: water sampled from the expansion vessel
Limit of legionella detection: 100 cficlitre
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Fourth sampling occasion

Date of sample : 282095 Date received : 2827935
Titul bucteria Culifurm Preudomonas AcTimnnas Legivnella
Saniple efu fl gaunt £ 100ml 5P Ay
M he FITC| T2 f22°C tdal fareal 1Okl 100 100kl cfu { litre
Site A
EV. water 1] 624 0 1] 0 a 1} Mot Detected
Sile B
E.V. waler 1] k] U [} i 0 1] Mo Detected
Sie C
EN. waler [} i} 1} U 1] 1] 1] Mot Detected
Site D
EV. waier i L2110’ 0 o 1 0 u Not Detected
Fifth sampling occasion
Date of saumple : 13395 Date received : 14/3/95
Total bateris Culifurm Puvudomimas Acromsnzs Leginnella
Samiple el /il ot £ 100l - ATUL
e fATTC | T2 es22°C Il faceal 100l 100ml 100l efu f litre
Sile A
EV. waler 0 732 0 o B50 1] [} Mot Detected
Site B
E V. water | 127 [i] ] 1] 1] ] Noe Desected
Site C
EV. walct o 138 a 0 ik 1] g Mot Dretected
Site D
E.V. waler 4.8 x1iP vx 1o 0 0 [ 0 0 Nex Deeeted

E.V. water: water sampled from the exponsion vesse!
Limit of legionella detection: 100 cfilitre
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Sixth sampline occasion
f=1

Date of sample @ 27/395 Date received : 28305
Tutwl boderizs Culifurm Prvudumonng A cTonmuRas Legivmnella
Satiple el £l count 100w =P, acfiuy
W herITC| T ei2C fval laeeal 1000l 100l | 0w glu f lilre
Site A
EV. water [}] 41 il ] 1] o 1] Mok Dretected
Siie B
E V. water L] 7 ] 0 1] 1] 1] Mot Detected
Sile C
EV. water 1] 0 1 u (] ] 1} e Detected
Site D
EV. waler ik S 0 0 1] o o Mot Detected

E V. water; water sampled from the expansion vessel
Limir of legionelln detection: 100 gfuliire
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Seventh sampling

occasion

Dute of sample @ 18/4/95

Dute received :

18540935

Tuial bacleria Coliform Psrudimamas Avruimimas Legiunslla
Samiple i/ l eounl [l P avrug
JdhedITC| T2 he £22°C 1ol faceal 100 100l 100ml cfu /! litre
Site A
Muins Cald 0 k! 3 L] 0 0 o 0 Mot Deteered
Domestic Hot 0 1 1} ] ] i [} Mot Detceted
Expansion Vessel 0 3 0 1} 0 1] Li] Mot Deiected
Sile B
Maans Caold 0 0 i} o i L} i Mot Dietected
Domestic Hol 0 ] 0 o U 1] L] ol Defected
Expansion Vessel 1} 364000 0 il 6l ] L] o Dreazered
Sile C
Mains Col [} Hir U i L} o ] Mot Dictceted
Domestic Hol 1] il 0 0 1} i} U Mot Detected
Eapansion Wessel 1] 2700 0 0 ] 0 0 ot Detected
Site I
Mlains Cold 43,600 33,500 L] ] i ] 1] Mo Detected
Damestic ol o1, (Kb B Y 1] ] ] ] 1] Not Detected
Expanzion Vessel A3 dii U RIHb [1] (1] o o 1] Met Detecied

Limnit af lepionella detection: 100 cfudnre




Expansion vessel removal sites
Date of sumple @ 304193 Date received @ 31717935
Tutal bueteria Culifurm Prcudsmamnus Agremuotias Legionella
Samiple efu fml couil £ 100ml s aerug
Wb f3T°C| T2he F227°C toeal faceal 100l 100l 100l efu f litre
Site (i}
Expansion Vessel 144 1444 0 [1} [} 1] o Mot Delected
Silg {ii) L pneumpplila
Expansion Vessc| sl 218 il i o ] [} sg B=25,000
ofu / litre
Site (i}
Expansion Vessel 12640 5340 [} L i a 1} e Dretected
Site {iv)
Ezpansion Vessel ] { L] L] H] 1] o Mol Detecied
Site v}
Expansion Vessel 1] 35 1] 0 a 1] 0 Not Delected
Sile {vi)
Expansion Vessel 1] 2736 o 1} [} 1] L] Mot Detected
Site {+i}
Expansion Vessel 3250 IK0E o 0 ] 0 0 Mot Detected
sg & : seraproup B
*Note: hot and cold water samples were not anelysed ar sites (i) - {vii)
Date of sample @ 13-14/2/095 ' Date received : 14/2/95
Tzl bacteria Carliferrm Pewduminnas Aerumunas Leginnella
Saniple cfu f ml count J/ 180l spp. acrug
23037 °C| T2het33°C toeal faecal 108ml 1 G0l 100l clu / lite
Site {i1)
[re=lesl)
Mains cold 2 % o o 1] il n Mat- Detected
Domestic hot Tl 151 0 0 [} il 0 Mot Detecred

Limit of legionella detection! 100 cfufiire
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Date of sample : 13-14/285 Date received @ 13/2/95
Twal bacteria Curlileran Psewdimonas A Elis Leginnelia
Sample efu f ml eaunt § 1006 spp. asrug
Xl 3TC| T2hefA2C Tl faceal 10l 100 100:1] cfu { litre
Site 1
Domestic h 107 [CH] 0 1] L] L1} u Mot Detected
Mains cold 0 7 1] 1] L} 1] 0 Mot Detected
Expansion Vessel 244108 fdxlP 0 1] L] [} u Mot Detected
Site 2
Diomestic 46 B 1] L] i ] u Mot Detecred
Mains eoald A 434 1] ] 126 1] LI Mot Detecred
Ezpansion Vessel £, 9t MK 1] 1] (1] 1] u Mar Detected
Site 3
Domesuc Hot 900 1,504 1] (1] ] 1} [H] ot Detected
Mains cold 10 Kk 1] 1] 2 1] 0 Mot Detected
Ezpansion Vessel 1Az 14 Lo 10® 1} 1] i 1] ] Mot Detected
Sile 4
Diomesue hol 2 T 1] L[] L[] [} u Mot Detceted
Mains cold 22 k111 0 1} L] 0 u Mot Detected
Espansion ¥essel 7.2x1P Zux1iF 0 0 0 o 0 Nat Detected
Site 5
Dromestic hot 444 343 1] ] L] 0 [F] Mol Deicered
Mainz cold Toll 2 0 0 L] L1} n or Derected
Expansion VWessel 720k 14 21x10° ] L] =i =00 0 ot Derecred
Site 6
Domestic hot i} 1100 1] 0 [} 1] 0 Mot Detected
Mains cald 428 42 0 [} L 1] 0 Mot Detected
Ezpansion Vessel 1,700 1.2x10° 0 L] 0 1] 0 Mot Detected

Limir of legionella detection: 100 cfivlitre
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Date of sample @ 13-14/2/95

Date received

142495 {continued)

Tutul baeteria Culifurm Prewdimonas Ay rummonas Leginnella
Sample efu / ml counl /100l i avrug
24 hef3TC| T2he d22°C todal faceal 10wl 100l 100 ciu f lire
Site 7
Domestic hot 381 413 i} 0 (1] 0 U Mot Detecied
MWains enld Bay 1,000 0 1] 1] ] 1] Mol Detecied
Expansion Vessel Léx 10 s 0 0 1z $0 Mot Detected

Limit af legionella detection: 100 cfuflitre




Date of sample 28S

Date received

28295

Tulad baderia Culilorm Psvudonm s A erutinian s Leginnclla

Saniple ¢l f il count § [0l s ST

WA fITC| MAre/22°C tmal la=cal 1000 100! 1iXTad clu ! lire
Sile §
Dratiicdtic Tiot L 37 0 a 1] Li] 1] tol Detected
Mains cold L] u ] 1] 1] b 1] Nod Detected
Ezpansion Veszel 0 1] a o o o 1] Mot Detecied
Site B
Domestic hot ] 3 il [} i} [} 0 Kot Dietecied
Mains cold i 452 [ i wic U o Kot Dciecied
Expansion Vesse] i 424 (1] [} 36 L] 0 Not Deiceted
Sile 10
Cromestic hot q 1 o 1] [ o U Mot Drerected
Maing eold L] B3 ] u 1] u L] Not Detected
Ezpansion Vessel 1] ] a 1] 6 a t Nol Detecied
Site 11
Demestic hot i 0 [} 0 1] 0 o Mol Dierecied
Mains cold 1] U4 {1 L i 0 0 Mot Detected
Expansion Yessel 1 624 0 1] ] 1] o Mot Delecied
Site 12
Drasmestic ot 0 4 (1] 1} 0 0 0 Mot Drtected
Mains eold o i i} i 14 o 0 Mot Datected
Eapansion Veszel o [ ] ] 1] o 1] Mot Detected
Site 13
Domestic hot 1] (1] 1] ] 1] [i] 1] Mot Detected
Mains cold 1] L] L] L u o 1] el Detected
Expansion Yessel - 70 0 i wit [H] 0 Mod Detecied
Site 14
Domestic ot 0 i 0 ] U ] 0 Wot Detecied
Maing cold 5 fil 1] ] 14 14 0 Mot Detected
Expansion Vessel n 0 i i 1} 1] L1} Mot Detectad

wi - uncouniable spreading colonies
Limit of legionelle detection: 100 cfufitre
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Date of sample @ 13/3/95 Date received : 14/3/03
Tutal havteris Calilsirm Pseudwnonas Axcrumonas Legionella

Sanmiple efu f nil vaunl £ [0Qim] . acrug

e /I7°C| T2l f22°C tozl facial 100ud 100ml [0l efu £ litre
Hite 15
Dromestie ot 4 A 1] ] [ L] ] Nod Dereeted
Mains cold 5 16 0 1] a 1] ] Mot Detected
Eapansion Vesse| i 21 ] o 0 ! 0 Nol Delected
Sitc 16
Domestic hot 1] 74 13 1] a 1] il Med Detected
Mains cold i} T U 1] ] ] u Mew Detected
Expansion Vessel 3 i ] i a 1] ] MNea Detected
Site 17
Damneatic Tiot 0 L] 0 0 ] L] & Mot Deteoed
Mains cold 1} 21 0 1] i L[] o Mot Derected
Expansion Vessel o 7.4 x117t 0 0 0 0 o Net Detected
Site 18
Donwstic lot 1 17 0 1] o L] (1] Mot Deteeted
Mains coldd 1] 115 0 0 & L[] 0 Mol Detected
Expansion Vesse| 3500 3,300 0 0 0 L 0 Mol Detected

Limit of lepionelly detection: 100 ¢fivTirre
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Date of sample : 27/3/95 Drate received @ 28345
Tutal bavieria Colifurm Prvwd wanininas Acroanenas Leginnella

Samiple clu f ml count 4 100l AP Ay

24NedITC| T2 )220 total faccal 1000 1001l 100w gfu / lire
Site 19
Duansestie Tiod 0 i o i] 1} g {1 Mt Derecicd
Maing eold U a2 0 0 [} i 1] ol Derecied
Expansion Vesgel 43 i) 0 ] o 0 {1 Mol Detecied
Sile 20
Dromestic ot i I u i 1] 0 1] Mol Derected
Mains cold 0 & i 0 1] o ([ Mot Detecied
Expansion Vezsel 22 42 0 ] o il ] Mol Dietected
Site 21
Damiestic ot z 13 [} o o U i Mea Dictecied
Mains cold ] 5 [ o ] a a Wed Dietected
Expansion Vesscl 43 67 0 ] ] a il Mot Detesred
Sile 22
Domestic hot i} 1] 0 o i} 0 Q Mot Dretested
Mains cold 0 0 0 L1} i} 0 Q Kot Detected
Ezpansion ¥essel o i 0 a ] 1] a Mot Delected

Date of sample : 1844495 Date received : 18/4/95
Tutal hacterin Culifurm Pseudaneinas Acromnnas Leginnella

Sample e /il count 4 100l sppe astug

24hc/A7°C | T/ 23°C teal faccal 100l 1 0Chal | Ol ciu / litre
Training vessel®
Mains cold o 3,500 0 ] L] o 0 Mot Dretected
Domestic ho 0 u 0 1} [} 1} 0 Mot Dretected
Expansion Vessel 0 19,200 0 L1} L1} o 0 Mot Dretecied

* This installation has not been included in the analysis as its age and use are unknown
Limit of legionella detection 100 cfullitre
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Date of sample @ 2/5/95 Date received @ 2/5/95
Tutal bacleriu Califurm Pecudadiinrise ArTumonas Leginnglla

Sample ciu f ml counl  [00m| P aerug

WA hedITC| Rher22'C todal [aecal 100nd 100Gl 100N cfu f live
Site 23
Mains cold 0 14 0 1] 1] 1] il Mot Detected
Domestic hot i} 0 0 [} o 0 0 Kot Deiected
Ezpansion Vessel & e 1] 1] o 1] 0 Mot Detecred
Site 24
Mains Cald 0 14 0 0 [} 1] i Mot Derecred
Domestie Hat ] T 0 1} [ 1] 0 Mt Detecred
Expangion Vesscl 0 YL, TiK] 1] ] 0 u 0 Mt Detecied

Limir of legionella detection: 100 cfwfivre
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Appendix IV - Questionnaire
Health risks associated with expansion

Please relurn tu: dlaurtin Shouler,
Public Health Engineering  Section,
Environmental Systems  Division,
Building Hesearch  Establishment,
Garston, Watlord, WD2 7R,
UK.

+  Does the practice in your country permit the use of expansion vessels?
YesMNo*

“What are their applicitons?t

~What, if any, rezulations, codes of pracice andfor standards apply?§

vessels

= Are you aware of any health risks associated with expansion vessels, eg legionella, E coli, pseudomonads,

acromonads?

TesMNo*

-If ves. please can you give detnils, or send  reports and papers, or give references 10 appropriale reports or

papers. i

* Do you have any further information about expansion vessels, eg faults, Milures, materials and other details of

their use?

* Delete, as appropriaic.

t Please give details in the space provided, if appropriate, and continue on an additional page, il necessary,

Thank yeu for your co-vperation.
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Appendix V - Health effects of legionella

Legionella

Legionnaires’ discase was first reported alter a large outbreak ol illness in Philadelphia, USA in July
1976. One hundred and eighty-two members of the Pennsylvania American Legion were infected.
Subsequently, a bacterium was identified as the cause and it was named Legionella pneumophila.
Since then the disease has claimed hundreds of lives throughout the world and there have been a
number of outbreaks in the UK. Legionella pneumophila is a member of the legionella family which
is found worldwide in a range of agquatic habitats where it forms part of the biofilm. In the built
environment it is particularly associated with building services where the conditions to support its

prowth can be present.

Effect on Man
Many species of legionella have been isolated, the most virulent is Legionella pneumophila. In this

species there are at least fourieen serogroups of which serogroup | causes the most illnesses.

On entering the lungs either by aspiration (je accidental’ swallowing® down the trachea instead of the
cesophagus) or as an aerosol (a line mist of water particles) the bacteria can cause illness. Legionella

bactena can cause two distinet illnesses: Pontiac Fever and the more scrious Legionnaires’ disease.

i. Pontiac Fever
The symptoms of Pontiac Fever are flu-like; infected people experience muscle pains,
headache, fever and some have a cough. The illness is not tatal. The incubation period is
commonly 36-48 hours and the atack rate approaches 100% of those exposed. It was named
after an outbreak of flu-like illness in a County Health Department in Pontiac, Michigan,

USA.

38




ii. Legionnaires’ disease.
The auack rate of Legionnaires’ discase is less than 5%. Those infected are typically more
susceplible due to underlying ill health, eg smoking, chronic alcoholism, emphysema
immunasuppression and Iollowing surgery. Mortality rates up to 25% have been recorded.
However, if the infection is disgnosed and treated within 48 hours the mortality rate is
reduced considerably,
After an incubation period of 2-10 days a pneumonic illness occurs. The disease is more
common in men than women by a ratio of approximately 2 to 1. Hospitals are an area where
many people are at risk {rom the illness because people who have other illnesses or have their
immune systems depressed are more likely 1o catch the disease. Legionnaires’ disease can be

treated using antibiotics such as Azithromycin, Erythromycin, Rifampicin and Ciprofloxacin.

Studies in the UK and the USA have shown that there is a seasonal variation in the number of
occurrences of Legionnaires’ disease with a peak during the summer months. This is pardy due to an

increase in travel at that time of the year.

Sequence of events leading to infection
To cause infections, legionella pneumophila must have suitable conditions for multiplication and
transmission:

1. the organism must gain entry to a water system,

ii. the strain that has gained entry must be harmful to man,

iiL. it must multiply to a quantity sufficient to present a risk, and

iv, to gain entry into the lungs it must be in an agrosolised form (see below) or be aspirated.
All the above can occur with water supply systems, especially hot water. The multiplication process

is optimised when a number of factors coincide.

Aerosolisation
Aerosolisation is one of the ways in which a person may contract Legionellosis. This may eccur

under a number ot different mechanisms(221:
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i. waves are generated if air is blown across a water flm. If waves are of suflicient power
aerosolisation may occur,

ii. free falling water may break up, causing smaller droplets o be [ormed;

iif. if saturated air meets cooler air, water vapour will be condensed out anto small particles
present in the air. An example of this may occur at the outlet of cooling towers.

iv. droplets of water impacting on a surlace form a thin lilm crown which breaks up causing
minute water droplets to be formed; and

v. bubbles bursting through a liquid 1ilm can also have a similar eftect causing aerosolisation.
Another consideration with bubbles bursting is that the concentration of bacteria or other
contaminants increases at the air liquid interface, as compared with the liquid as a whole, due

to particulates in the liquid adhering to the bubble as it rises.

To reduce the eflect of aerosolisaton the disturbance of the water interface should be avoided or

contained.

To reach the lungs, air must travel through the nose and along the bronchi 1o the alveoli. A coarse
filtration (particles above 10 pm) eccurs in the nose. The mucus linings in the bronchi trap other
particulates in the air stream. Walter droplets, containing legionella, in the order of 2 - 5 pm are the

most dangerous because particles of this size can - reach the alveoli

Occurrences in England and Wales
Although not a notifiable disease, in the UK the Public Health Laboratory Service (PHLS) compiles
a central database on the number of outbreaks (two or more cases) together with information on

where the outbreak occurred.

40




Confirmed outbreaks of Legionnaires’ disease reporled to Communicable Disease
Surveillance Centre (CDSC) England and Wales 1979-88

Case Clusters - 1wo Or more ¢ases

Houel Hospital Industrial Other Total
sile
UK 4 (32) 12 (112) 4.(47) 13 (158) 33 (349)
Overseas 63 (182) - - - 63 (182)
Total 67 (214) 12 (112) 4 {47) 13 (158) 06 (531)

{Numbers in brackers represent total number of people infected)

It can be seen from the table that in Enpland and Wales there is a high rate of outbreaks in hospitals.
This could be due to the high susceplibility of patients who may be immuno-suppressed. A higher
level of vigilanece may be appropriate for waler systems serving healtheare buildings, eg the regular

sampling of water outlets.

Methods of controlling legionella
The control of this bacterium must tackle the conditions in which legionella multiplies and also

prevent acrosol lormation. These situations involve both design and maintenance.

Temperature

The population growth of legionella is highly dependant upon temperature, Between a temperature of
35 10 45°C legionella can double in population daily. This reduces markedly at below 25°C and above
45°C. At emperatures below 25°C legionella in tap water will become dormant, although they can
exist in water for up to four months. To kill legionella the temperature of the water must be raised
above 46°C.

The rate at which the population is destroyed is a function of the temperature to which it is exposed,
1.e. the higher the temperature is raised, the shorter is the time o kill the legionella. Hospitals have
used the technigue of raising the water temperature 10 70°C and MNushing the hot water taps.

However, it is important to note that in the biofilm, bacteria are partially protected [rom sudden
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excesses of emperature. Lepionella can also exist inside amoebae which can also protect the bacteria

from heat.

Biocides

Biocides are chemicals which kill bacteria in a variety of different ways. The concentration of the
biocide in the water is the most important factor as to how effective its kill rate will be. The
temperature and pH of the water will also effect the process. The higher the temperature, the greater
the effect the biocide will have. The cleanliness of the water is also important. In the presence of
organic matter many biocides are either completely or partially inactivated, Again legionella in a
biofilm are protected from hiocides. Another form of protection is within amoebae. These host
amoebae are far more resistant o biocides than legionella on its own and legionella can multiply
inside and subsequently be released.

Biocides may be used at the pre-commissioning stage of a hot water supply system. They are also

routinely used in maintaince programmes [or cooling towers.

Ultraviolet Radiation

All bacteria are susceptible to irradication by ultraviolet radiation. The effect of UV on legionella is
dependant on the intensity of the UV and the exposure time. A UV lamp can be installed to destroy
legionella and other bacteria present in the circulating water. The elfect of UV on the bielilm is at
best modest and indirect. UV transmission is reduced by turbidity (suspended solids in the waler)

and high flowrates past the UV source will diminish residence time and therefore UV elfect.

Silver/copper ion treatment
Releasing Ag/Cu ions into a water systemi23) at levels below those permitted by European Standards
has an effect on lepionella and has been used to treat hot water systems. Also, the ions are trapped by

the biofilm allowing them to act at that site as well as in the circulating water.




Appendix VI - UK Legislation

Specific UK legislation is covered in a number of Acts of Parliament. The most relevant Acts

regarding the health risks presented by water services are as lollows:

Occupiers Liability Act, 1957

This confirms that the occupier of a building has the responsibility of care for the visitors.
Defective Premises Act, 1972

The landlord has the responsibility for the safety of visitors, neighbours and passers-by.
It obliges a landlord to show that he has taken all precautions Lo ensure their safety. The
landlord should declare his policy on health and safety and have a named person
responsible for it

Health and Safety at Work ete Act, 1974

The employer has a direct responsibility Lo ensure, as réasonably practicable, the health,
safety and wellare of all his employees. A cost benefit risk analysis should be assessed to
compare the cost of implementing work against a nisk to employees.

Control ol Substances Hazardous to Health, COSHH, 1988

This addition to The Health and Safety at Work etc Act, 1974, makes an employer
responsible for the exposure of employees to dangerous substances which can cause a
health hazard. Certain biocides and other chemical treatments ol building services are

covered, as is legionella itself.
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Abstract |

Development -of a food waste recygling systems utilizing food waste
disposal units has been underway for lalmost three years now, since 1934.
This research and development have been carried out as a joint study
involving the Construction Researc nstitute, 17 private companies, and
3 related private organizations. F




1. Imtroduction

The Ministry of Construction look over in}&
and then changed its focus 1o items affect

As a part of the integrated technology dav

waste recycling systems utilizing food was

almast three years now, since 1894,

To promote this project, a new expern
wastewater treatment plant) wherestudiels
This experimental facility was built on the Cg

Ministry of Construction ( M of of
This research and development ( R&D
the Construction Pesearch Institute, 17

organizations.

The purpose of this R&Disto establish fog

the reuse of wastewater and reduce the

wastes generated in kitchens by food wasge grinders;
d

waste is carried through waste pipes an
plant.

The two requirements governing the dev

(1) Both the waste-water load (i.e
sewerage) and the actual was
greater than those generated

The demands for both compo

(2)

2. System coniiguration

) hla

=

by

5
and quantity) must be a:ceptible_

grated technology development projects,
ng people’s daily lives.

opment project, the development of 2 food
te disposal units has been underway for

I

hent al facilty was constructed (including
on plumbing systems could be conducted.
nstruction Research Institute ( CRl) of the

- beencarried out as ajoint study involving
rivate companies, and 3 related privaie

|
P
|

.d waste recycling systems, whichprom pt
. neration of food waste by grinding food
thereafter the ground food

g

processed by a food waste composting

slopment of systems are a5 fallows:

uLe load to public water areas and
e |amounts generated, must not be

conventional systems.
and recycled water (both in guality

A food waste recycling system is made

which are integrated into a single system:

(1)
(2)

A component which grinds food
A component which grinds food
system)

A component which grinds food

{3)

W

W

W

ub of the following three components--all of

aste
aste is transported (drainage

-ste is processed and composted .




treated water is created ( food w

2ste composting plant )

This R&D considers the standards required

d for the performance of each companent

:Ld 2 as the "Slandard system”.
cts all household waslewater and treals
4 creates compost while purifying the

based on the systems shown in Figures 1 a
Standard system 1 is a system which cnlle
it by a food waste composting plant an

wasiewater. |
I

When compast is not created in this system, any losses in excess sludge volume
|

should be reduced.

WhenStandard system 1 is constructed with 2 purifier {food wasle grinder supporl
\ype can be used) which can process both ousehold wastewater as well as waste

water from the food waste grinder is reqm ed.
Standard syslem 2 is a system which processes food waste grinder waslewater +
kit chen wastewater by a food waste com psting plant and creales compost while

discharge the treated water either to lhe!sewer system or to a purifier.

In case compost is not created inthis sysiem, excess sludge volume should also be

reduced.

I
In 1994 information, regarding the existin

characleristics and amounts of food waste,
and purifiers, etc. through the available dllac
Although systems are currently subject ia legal regulation inour country, it was found
that their bad influence on both sewer systems and purifiers can be.
In 1995, author undertook a series of mr rseas investigations to ascertain what
requlations ( if any } governed food waste gn nders and other treatment of food waste,
including sewer systems, and food waste composters in both European and Morth-
tions governing the use of food wasle

3. Progress inthe current staie of R&D
g technology about food wasle grinders,
effects of food wasle on sewer syslems
uUments and data, was compiled.

American countries. As a result, the regul
. |
grinder were collected.




(1) Rationale behind the regulation of food

@ Bfects (on waste pipes) of grease

amounts inwastewater

The grease content of food wa:
that found in the household wasieg

30 years, there have beenfew blo
use of some 50 million disposal
@ Increased load effects on sewage tr
Although some both BOD and S
in conventional sewage treatme
are not required.

waste grinder use

which are likely to be contained in large

ste grinder wastewater islitlle higherthan
water generally; furthermore, inthe past
ckage accidents in sewer pipes despite the
nits in the United States.

atment facilities

Sare increased slightly, significant changes
processes in sewage-treatment plants

(& Increases in water usage
Water usage necessary for dis
water usage; therefore water

grinders will be slight.
@ Deterioration of water quality in riv

o

combined sewer systems at the tir|r|
The overflow of combined se
New York City and the City of Tor

of food waste grinder (from 1-.h|

However, inolder cities such as Bo

have combined sewer systems| 1
existing sewer systems, and at
of food waste grinder systems,

of food waste grinder outweigh

c

cities.

Inthe U. S., the increasing r%ﬂ
remained stable -- at an approx
effects on the water gualty of r

insignificant, especially when acco

sysiems.

CA

s

n

{h

1t
installation rate of food waste grin

hosal units amounts to only 2.6% of total
ynsumption increase due to food waste

- and harbors due to the overflow of

of heavy rains

systems is a most serious problem; both
»nto { in Canada ) have prohibited the use
viewpoint of sewer systems) eventoday.
stan, Chicago, and Philadelphia, all of which
e municipal authorities have improved

g

|
e same time, have recommended the use
mmenting that the environmental benefits
heir drawbacks. Perhaps, as a result, the
ders has reached some 28 to 30% inthese

Q

of the instaliation of disposal units has
'Inate annual rate of 1% or so -- and any
bers and harbors due to this overflow is
mpanied with the improvement of sewer

i




{2} Current statistics on food waste grindg

Theinstallation rate of food waste grinder

rs inthe U.S. and other countries

s inthe U. 8. isapprox. 51% (as of 1881);

gach year it has continued to increase by approximately 1%. As of January 1995, the

installation of food waste grinders becam
08 cities in U.S.;in some cities, installation o

iz renovated.

Usage statistics for disposal units -- inot
in Table 1.

mandatory for new home construction in
disposal units ismandatory when a house

"I}ET countries other than U.S.-- are shown

This table shows the summaries of the g
usage which were filled out by the participa
also by us who participated in the averse

As can be seenfrom the table, there isno
of food waste grinders; however, onthe ot

ol food waste grinders.)

Countries in which the installation of incj
are: Germany, South Korea, Singapore, @
governing their use are: Holland, France,
other countries seem to have no regulatic

Also, in 1995, we the Garbage Disposal
established inthe Japan Society of Plumbin
also established for to begin an experime
data based on the study theme,

In 1896, the experimental study is under
design guidelines for this system, and apg

He
|

the U.S. have been widely used {some eveni

n

nt

ly

-ctionnaire results on food waste grinder
s in CIBWE2 (held in 1984 Brighton ) and
investigation.

ountry whichrecommends the installation

L

]

g
r hand, food waste grinder imported from
n countries which have prohibited the use

waste grinders has been prohibited by law

nd Chile. Countries which have regulations

Switz erland, Scandinavia, and Japan. Al

5.

and Composting Committee (GDCC) was
Engineers (JSPE), and a working group was

al study and the collection of preliminary

continuance from 1995, inorder o create

lhe system to a housing development.




4.

4.1 Purpose of experiments

Experiments carried out as part of the if

tegrated technology development project

| ! |
The experiments carried out are mainly divided into two categories: first, the food

waste grinder, and second, the waste pipe

The experiment on the food waste griml|
characieristics, noise and vibration charact
rate, discharge and duration, and finally, the

food waste grinders effluent.

Theaim of the waste pipe experiment isio

quality) of scale and sediment inside existiIL
At the same time, the flow characteristics

waste) inthe waste pipe will be cbserved.

indexes to assist inthe design, construction

wasie grinders.

4.2 Experimental Subjects

The specific experimental subjects, for
follows:

(1)

Measurements on the establishm

Measurements of grinding time a

(2)
(3)
(4)

decreasing rate

{5) Measurements of food waste grind
(6) Confirmation of amount of debris r¢
grinder after grinding '
(7) Experiment to establish test metho
performance '
(8) Sound and vibration experiment bas
(8) Measurements of sound and vibrati

existing building

which transports ground food waste.

is carried out to know about grinding
eristics, appropriate water supply flow
water quality characteristics of marketing

ather information about the amount (and
building drain with food waste grinders.
of wastewater {containing ground food
'he results oblained willbe usedto create
and maintenance of waste pipes for food

E

1

experiments carried out in 1985 were as

ent of an appropriate water supply
nd
Measurements of grinding water gdantity

Measurements of grinding classification (grain size, particle size, grit) and

performance

er effluent water guality
2maining inside the food waste

ds for sound and vibration

sed on the above test methods
on at a light-weight steel framed




(10) Measurements of drainage charaﬁi

based on the HASS 206 "Fumbir

Conditioning and Sanitary Engtneel'

. cistics ol food waste grinder
g Code” of the Society of Heating, Air-
s of Japan.

!"]

(11) Experiments on the flow characterislics of ground focd wastewater in
waste pipes
(12) Experiments on the flow characterigtics of ground food wastewaler at
the experimental facility of CHI
(13) Confirmation of the amount of slime and the staté of deposits inside  the
food waste grinder wasie pipe
This time we report on items (4), (10), (11), (12}, and (13) above.
Following experimenis are planning 1o be carried out in 1896:
(1)  Sound and vibration measuremenlts at a steel framed concrete
building
(2)  Experiments 10 determine whether |a single food wasie oOr & substitute
test body will be used in performance eu:lﬂl 1ation tests
(3) Performance jest for to decide the kind of waste inhibited for food
waste grinders
(4) Experiments regarding to determng methods for decreasing generated

sound and vibration

{5)

Experiments with regards 10 mea
vibration inthe food waste grind

|
43 Ground food waste flow in drainage

|
(1) Purpose of experiment

sures for prevention of noise and
er| wasie pipe
siacks and horizontal drains

It is necessary t o confirm the behavior ©

piping itself, from the standpoint of determini

construction, and maintenance) of wast
waste grinder. For this purpose, sO we
ground food wastewater with food was
constructed from transparent hard vinyl

Also, when considering the cleaning freq

| 2
chioride pipe (VFP).

| ground food wastewater inside the waste

Pg the idealcharacteristics (from a design,
hiping which accepts water from a food
tonducted a gravity-fed experiment with

grinders connected to test piping mainly

uency of waste piping connected to food




waste grinders, it is necessary to verity ! he amounts of slime and other deposits
generated inside the piping. This is impoi.ssible in a short-term experiment, soc WEe
checked the existing waste pipes from kim‘-‘en sinks inthe Fapartment of T company,
in which a food waste grinder has been installed in a single sink, being 1 year and 4
months after high-pressure cleaning.

)

(2) Experimental Facility

A four-story steel-framed experimental tower (inside the existing experimental
taciity building) in the construction labodatory of CRI was constructed and an
experimental piping system consisting of|transparent VP pipes and ovate pipes is
installed.

(3) Food waste used inthe experiment
The composition of food waste used in {he experiment was determined as shown in
Table-2 based on data from various documents about the compaosition of food waste.

(4) Drain trap size
A preliminary experiment on Ptraps with pominal diameter of 40 (outer dia. 49 mm

winner dia. 44 mm) and a nominal diameter 32 [(outer dia. 3B mm xinner dia. 34 mm)

for the draintrap for iood waste grindersiwas carried out ina laboratory. As aresult,
ground food waste in the trap with the n}:mlnal diameter 32 disapeared in a shorter
time, so the Pirap of nominal diameter 92 \was chosen for the following experiments.

(5) Experimental items and methods

We observed the flow down characteriﬁﬁcs of ground food waste ina vertical drain
pipe 50 VP{main branch 75 VF) and vertical|drain pipe 75 VP{main branch 100 VPznd
100 mm oval pipe)} in the following state |: an independent drain from 1 single unit, a
simultaneous drain from 2to 4 units, and three-time continuous drain of standard food
waste.

The water supply flow rates are tested &t three levels: 8 L/min, & L/ min., and 4

L/min.. with a water supply duration from the start time of grinding to the completion
of grinding of food waste grinders. In the lcase where the ground food waste was
retained into the main pipe, we continued the supply of water (flushing water) for 10
to 30 seconds and repeated severaltimeg until the retained ground food waste is
thoroughly discharged. Thegrade of thelmain pipe was installed to be between 1100




ard 1/150; 1/200 was also tested partial
supply flow rate) was carried out twice in

Measuring points -1 and -2 are video tapedg.
horizontal pipe, we measured the flow velot

videa screen. Wedetermined the flow velo

ihe representative item (flowing close 1o the

and further, measured the wetted perimet

monochrome ruled tape to the botiom Q
transparent pipe) and to the inner bottom

(6) Experimental Results
One part
experimental results is shown in Table -3.

(@ Differences in drain flow characteristic

There is a difference in the inner diame
stopper of the transparent joints usedthis
is larger by 3 mm with 100 VP pipe,and by
of the pipingwas not even,but when imperf
2t the actual installation is taken into cons
came level as in actual pipe installation.

In the drain from the food waste grind
retention of ground food waste was obse
if the water supply flow rate is sufficient {
not created, and the wastewater flowed
rough ground food waste in the oval pipe
compared with the circular pipe.

When drained simultaneously inmodels 2
iood waste was temporary retained.

(the first flow of the independém drain at the measuring p

S
ti

1

ef
A4

de

ly.
nrinciple.

The experiment (with the same water

)

As for the flow characteristics of main
ity and wetted perimeter length from the
ty from the number of frames required for
water surface) to pass a 200 mm interval,
er length by attaching a 10 mm-square
the external surface of the pipe {for a
of the cutout part of the oval pipe.

pint - 1) of the

by food waste grinder model

érs between the transparent VP and the
me (the inner diameter of the joint stopper
mm with 75 VP pipe). Theentire innerface
Mions inthe insertion state of straight pipe
deration, it may be considered to be at the

1

with rough-grained grinding, temporary
-d at the previously mentioned joints, but
L/min or more), the so-called block was
way freely. As indicated in Table-2, the
monstrates poor flow characteristics as

g

o

b 4, there were a few cases where ground

—

Whenstandard food waste was dischalrge

water flow rate and gentle grade, there we

d from rough-grained disposers with less

re cases where flushing water isnecessary.




@ Relation between the flow rate of ihe wafer supply and the maximum flow rate of

wastewater inthe main horizontal pipe

As mentioned in (D, since the inner face of the piping is not even, the relationship

between water supply flow rate and the maximum flow rate of wastewater inthe main

horizontal drain pipe was not clarified. Ho
in the main horizontal pipe incase of mode

sver, whena constant flow was ge nerated
ls with fine-grained grinding, the maximum

flow rate inthe mainhorizontal pipewas lesslthan one-hali of the flow rate of the water
supply. As the slope becomes more gentle, the ratio of the maximum wastewater tlow
rate to the flow rate of the water supply inthe main horizontal pipe becomes greater.

In the case where ground food waste flg
the wastewater, the ground food waste bei
the maximum flow rate inthe main hnrizn:l\
water supply flow rate.

@ Friction coefficient between ground food

face

= s

s whileit is making a weir at the head of
gcarried down by the water following, S0

al pipe assumes several times that of the

waste, wastewater, and the inner piping

The coefficient of roughness inthe Manning/formula has been {reated as afixed piping

value; however, its value is ininverse propoft
|

ibn to the velocity, and it is considered as

a friction coefficient between the down-flowing fluidand the inner surface of the piping.

Accordingly, when seeking this value from| the experiment al case, when the flow is

smooth, it was approx. 0.005 to 0.008 in
approx. 0.008 1o 0.02in 75 VP pipe; it tends
gentler.

100 VP pipe and 100 mm oval pipe, and
{o slightly increase whenthe slope became

However, in cases where the ground fogd |waste flows while it is forming a weir, for
example, whenthe standard food waste is|flaw three times insuccessionthrough a 100

mm oval pipe with grade 1/150 and flushing
this value closely approached 0.2.

@ Flow in vertical waste pipe

Wwater of 4 L/min is discharged fivetimes,

The flow characteristics of ground food wasfte invertical pipes were almost the same

as the those observed in the general draip.
the connection of the horizontal and vertic
drain from the upper floor invaded the pip'::re
also seen in the other drain experimems.|

|

An sanitary tee (ST) joints are usedfor
4l pipes, and there were cases where the
inthe lower floor. This phenomena were

!




(3) Other phenomena

The clean outs of the main harizontal pipe
s water level in the pipe rises, and the

hul when the wastewater flows down, t

were installed as inthe general drain pipe,

wastewater invadethe lower part of the clegnouis. Theground food waste remained

there after the wastewater had been drai

known inthe U. S. and is the reason why lo
branch immediately after the fixture wast

However, evenif the invasion of waste wd
unlikely to accumulate in succession and alsg
on the top of the piping where the wastewg

is the enly solution.

(7) Slime and deposit in the waste pipe

The state of slime and deposit in the was
waste grinder installed with a single sink 1

ed. This phenomenon has already been
S vent pipes should be taken out from the

pipe furthest upstream.

ter is repeated, remaining solid matier is
b it is very difficult to install a cleaning hole
hor flows constantly, so cleaning of pipes

le piping of kilchen sink system with food
year and 4 months after high pressure

cleaning is shown in Figure 2 and the charagteristics of these deposits inthe pipe are

shown in Table 4.

The proportion of organic matter of siinlxeinthe vertical pipe is more than that inthe

horizontal pipe, and from the deposition st

X |
protein and sugar are present. The grease

ate of microbe, it is assumed that much
»f arganic matter inthe slimeinthe vertical

pipe is as high as 30% and that inthe sediment inthe main horizontal pipe isa low value

like 12%.

The diameter of the main horizontal pipe is larger compared to the load so the

wastewater passes only onthe lower part|;

/4 of pipe cross section. Therewas also

a sediment in this part but no sediment wajs seen in the top air passage part. The
sediment inthe main horizontal pipe was mainly consisted of egg shells and sea shells
and when they were scraped out, there was hydrogen sullide odor and the sediment

is under the anaerobic condition.

From these result, tew insideof the ground fdod waste piping of the food waste grinder

need tobe cleaned at least once a year.




(8) Conclusion
The following facts were obtained from
@ The food waste from a food waste gri

to get trapped inthe main horizunté
@) When the wastewater only from & for

he experiment this time:
grinding grain size tends

!
nder with & rough

pipe.

'd waste grinder is drained, approx. B

; | :
L/min. of water supply flow rate is neegedto berun for longer than the operation

time of the food waste grinder, but ge

wastewater for cooking and dish welr
Furthermore, bulk-draining the sink is

build-up.
(@ The food waste for a day should be tre
of grinding it all at one time.
@ As for the joint that connecls the har

waste water flow in a vertical pipel

should be used, but when the capacit)

better to use TY.
® Horizontal pipes should be so installed

surface of the waste pipe and joint.
& The cleanouts onthe horizontal pipes,

of pipes where wastewater always ¢

(3 The drain pipe for a food waste grin

least once a year.

4.4 Drain characteristics on food waste

Purpose of experiment

(1)

Prior to considering the intreduction o

account its effects on waste pipe clogging

drain characteristics of disposer should be
first, the ground grain size distribution fo

g

erally as the sink drain which drains general
shing, great problems are not expected.
an effective way to prevent sediment

Ated eachtime whenit isgenerated instead

=

ontal and vertical pipes, tee wye (TY} lets
ce as much as ST, so it has been said ST
. of the vertical pipe is large enough, it is

hat there isno step difference on the inner

{ possible, should be installed fram thetop

uns.

er;r should be cleaned with high pressure at

rinder

food waste grinders, one must take into

and wastewater treatment. Therefore,
grasped. Inthis report, particular noles:

rl each model of food waste grinder, and

second, any relevant measurements afl@écfing equipment drain characlerislics are

reported.
|

(2) Selection of food waste grinder uséd

8 models (some imported, some domes]

or the experimentation
ic) were selected as typical food waste




grinders, each of which at present are commonly avziable on the domestic market.

Three units of each model were provided
variations inproduct performance by testing
individual units were ranked accordingly. hF

chosen as food waste grinders for tests.

The models and specifications of the tested

5.

(3) Distribution of ground grain size for each

bn the assumption that there would be

to identify the each performance, andthe
units with the best performance wWere

food waste grinders are cutlined in Table

food waste grinder model

The ground grain size serves as an :mpnrtent index when considering the effects of
ground food waste on both the treneponetmn of wastewater inthe waste pipe, and
the overall water treatment facility load. Therefore, 2 measurement of the ground grain

size for each test model is required.

(D) Experimental method

The measurement of the distribution of gff und grain sizes was carried out usingsix

sizes of "analytical screen”. At thetime of

the larger ones on top and the smaller ones
water was flowed downward. At this time,
the same manner as during the meaeuremeht of grinding time.

measurement, the screens overlapped, with

further down. The shredded food wasie
the food waste grinder was operated in
With only this water

flow, however, smaller grains might still remle n on the upper screen, so shower flushing

was used to assist the procedure. Residual

matter on each "screen” was placedon a

cotton cloth for dehydration (the residual matter was showered out cnto the cotton

cloth) after which it was dehydrated in a

And then, the weight was measured.

The charged amount of "standard food w

centrifugal dehydrator for three minutes.

akte" was three times that of the standard

amount (250 g) to make the dispersion smaller. The water supply (momentary flow

rate) was B L/min.

The measurement diagram is shown in Figure 5.

UUsed "analytical screen” (sieve opening dimefsions specified in JIS Z8801

Wire dia, standard

"les! screen”)

dimensions {mm) 1.25 0.90| 0,B0 0O.56 0.45 0.40
Sieve opening standard
dimensions (mm} 3.35 2.00| 1.70 1.00 0.71 1.80




(@ Experimental Results

The results (ground grain size) of {he standard food waste for each model are
given in Table 6 and Figure 6.

The proportion of the residue larger thar|the sieve openings 3.35 mm and 2.0 mm
was remarkable. Food waste grinders weqe divided into three major groups; models
A to Dare 47.6 to 42.6%, models Eand Fane 34.6 to 37.5%, and model His 30%. It
can be seenthat the ratio of ground waste r:hich permeated the sieve opening of 0.60
mm becomes larger in these group order.
It can be seen it seems that the grinding rm:chamsm of the food waste grinders has
been designed with a sieve opening 2.0 ml'lll or more in mind.

(4) Fixture drain characteristics of food waste grinders
Aumbing Fixtures, such as food waste ¢ inders, need 1o have precisely measured
drain load characteristics in advance of 1he waste piping design.

|

@ Experimental method |

The measurement of fixture drain charactEEristics was carried out inaccordance with
HASS 206 “Plumbing code-its commentary/.| The fixiure drain characteristics refers
to drain characteristics such as: the drain flow rate and time change of drain flow rate
when draining from the fixture, as well as information on the fixture drain for example,
equipment drain capacity, average fixture diain flow rate, required time for drainage,
etc. Allof these values can be determined experimentally. The diagram related to this
measurement is given in Figure 7 and the rj:felail of measuring device is given in Figure
B.

A trap with an inner diameter of 34 mm was installed with the nozzle of food waste
grinder, where a transparenl waste pipe was connecled to the measuring device at
the end.

In the measurement of drain flow rates Tr:rrn the tood waste grinders, data was
recorded by the measuring device as a senes of voltage changes, recorded on digital
audio taperecorder (DAT). These uonage changes were later translated back to

water volumes based on a series of pre-qetjermined voltage/water readings.
|




(@ Experimental Results

At the calculation of instantaneous drain vialues from the recorded data, to eliminate
extraneous figures, AD conversion was chrried out and the resutts smoothed by
averaging-out. Measuremenis were carriedl out three times for each model, however,
the measurement frequency was added f.iur models C, F, and H to observe their

dispersion. |

The results on fixture drain amounts and|fixture average drain flow rates are given
in Table 7: the flow rate -time characteristigs ol models Ato Hare givenin Figure 8.
The 0 second of the time axis in Figure 8 was set to the starting time of water input

to the weighing tank.

In Figure 8, flow rate-time characteristics/ [the maximum value of instantaneous drain
flow rates are approx. 0.18 to 0.20 Lfsecl. and fixture average drain flow rates are
approx. 0.13 1o 0.15 L/sec., so the differejrce between the models was insignificant.
Fxture drain amounts between models were large and 6.7 ters (Model C) was the
minimum value, while 17.4 liters (Model H)\was the maximum.

|

In Figure 9, flow rate-time characteristics| the maximum flow rate was achieved at
about 10 seconds after the start of dral‘m ng, while from around 20-second to the
completion time of grinding, it showed a slight fall with time in the flow characteristics.
It can be guessed that mixture the grnum;l: waste was affecting the slower flow rate.

5. Future consideration

All aspects of this project have proven fav brable--the food waste grinder and waste
piping, the standard wastewater 1 reatmentlsystems 1 and 2, and the development of
technology for the food waste composting|plant.

A field test instaling disposers and wastewater treatment plants with or without
composter isbeing plannedfor implementatipn ina housingsystem from 1926 through
to 1997. Theresults from this project will lso be coordinated as "Design Guidelines
for Food Waste Recycling Systems Using Fopd Waste Grinders" and the "Food Wasle
Recycling System with Food Waste Ginders” will be introduced along with the




construction of multiple-residence housingun

The importance of establishing a people-

ts. etc. underthe administration's control.

riendly social environment has been well

established, as we approach the 21st century. In particular, it isvery important to deal

with this matter of food waste treatment)

without which current lifestyles are not

sust ainable, while retaining our underst anding of the current situation and having an

appropriate vision for the future.
On the part of the Japanese plumbing i

advantage of the current environmental aw
our plans aggressively.
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appreciated.

dustry, it is appropriate for us 10 take
sreness by drawing up and implementing

istry of Construction, as wel as all the
\DCC (Garbage Disposal and Composting
huidance incompiling this report are much
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Approx. 2 mm-thick slime Sediment

I

|
Drain vertical pipe 75 VP Main| horizantal pipe 125 VP (grade :1/104)
LIE housing units)

2 Approx. 27 mm

{for 4 housing units) {for

Figure 4 Deposit in ground food wasie piping

Table 4 Characteristics of deposit in pipe in|figure 4

Deposit vertical pipe mazin harizontal pipe
Dry deposit amount (g/m’) | 113 782 (2653)
Crganic matter ratio (wi%) 15.8 1.7
Inarganic matter ratio (wit%) | 84.4 28.3
Qils and fatsfarganic amount (W%} an.2 12.4

= Percentage per unit sediment surface
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Figure 5 Block diagram of measurement pn grain size distribution of ground waste




“randard lood wasie” with lopd wasig grinder used

Table & List of shredded grain size 1est resulis an
Nominal dimensions '-}'.feigh! (o)
ol screen| 3.35 2.00 1.70 |||1.00 .71 0.61 |Less than 0,60 not |Talal weight
Model | including 060 (g
A 162 173 28 ||| 50 22 2 288 732
B 186 1553 31 57 21 12 260 735
C 165 192 28 23 22 9 279 750
D 150 | 169 | 29 ||[55 | & 13 3 748
E T 204 a7 B 23 14 330 745
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Table 1 Usage stalistics on food waste g'ilinciers in countries other than the U.S.
I
Country Usage ol fuecj wasle grinders Impart condition of
Aecommended ‘Nm recu:ﬁ'fmended Prohibited ' food wasta grinders
but being used
England I {:‘ | O
Malta | 6] | @)
Australia ::} | O
Franca @] 8]
Switzerland Q O
Austria O O
Garmany D O
Denmark ':.) E
Balgium | O @)
Finland 1| | O i}
Norway | ] O
Canada K:,-a O
Brazil 1 Dz O
hary D2 l Q
Spain (D2 O
Republic of South karea D'EI
Singapore | | I SR

i

Questionnaires distributed at the CI8-WE2-199

Brightan }

{
-3 Based on GDCC overseas investigation
Table 2  Composition of fopd waste used in the experiment
Material I Specilication | Wetling weight | Standard weight
2 | caros Cut by approx.Zcm | Y 45
fa )
5% Cabbages Cut roughly 18 43
s Subtotal | 36 80
Eanara peels 27
[Ty]
:%‘ Apple or poar Cut roughly 30 R
=
- | Grapefruit peels | Half cut alter SOUEEZING 25
Subtotal | 30 75
Chickan bones i Leg beones ar wing bm:'les { aher eooking ) & ig
- | Fishes Dried, with benes { after| heating ) 10 23
{*F]
= | Egg shell | z =
Sl =
o Fice | | 10 2
Tea leaves ! After draining | 4 10
Subtotal | | 34 83
% -
Tatal 100 250




Tablg.3 Flow characieristics of ground food wastewater 2t measuring paint-1 of the 1 madel
Independent drain .
|
Pipa Grado of Vater supply [Flaw valociy of | Flow rais &l Fncoon
Madal| dizmaeter) main henzensl | Now rate raie harizatal pige | main horizontal pipa | cealhician Bemarks
pice {Lfmin.) (misl | [Limin.}
8 033 | 1.8 00158 Flaw lormeng m weir ol
| o medsutine  Daint-1
14100 5 0s3 | 26.5 00118
C(4F)| 100mm 4 Q.43 12.5 Q.00854
B8 027 1.4 0.0144
1/15Q B 046 E R Do0823
Flusing walar of 4 Liman
4 0.50 30.8 000826 | 1 29 soc. A-two Gmes
raauired
B .49 3,42 0.00538
1140 3 033 2.31 000558
F(3F)| 100mm 4 0.25 1.51 0.00455
B 0.30 4,87 000776
1150 ] 030 4,23 00073
4 Qe 467 00187 Flow forming & weir &l
the memiuring Dol
B 0.35 i6.4 00135 Flow formmng B weir 8l
{he madsuing poinl-2
1,100 B G.20 16.2 00294 Flow [omming o wail o
tha  mgosurifg  Doint-1
O{4F) 75mm 4 o.2% 183 0.0264  |Flow formng & wair a1
jha maasuring BEmi1
8 031 | 13.0 0.0108
17150 [ 0.27 | 1.6 po138 Flowr lamming o weal BL
{he messerng Dainkd
« ozz | 867 0.0141
B 030 ! 12,9 po1s2 Flow lgmming & weir ml
the meosunfing peini-2
1100 [ 0,30 122 Q.01 52 Flow lormeng 3 woif &1
thg maasuring pont-Z
E(ZF){ 75mm 4 0.26 8,50 0.0156
B 033 9,74 0.005962
1150 [ 0.30 7.85 a.010
4 Q1% B.17 Qo156
B Q.46 223 Qo111 Fiow fogrming 8 wegar 82
thia mMeRsuring Doinlkd
14100 B G35 333 0.01va Flow forming a wair el
1he megaturing  poink:i
Flusing water of 4Ltmin.
C(4F)| 100mm 4 0.35 3B.6 0.0187 | = 10 sec. A= four tmas
oval pipe recuired
£ Q.22 28 o.01e7 Flew lorming & weid 80
the maasuring paini-1
1,150 ] 07 16.8 £.0302 Flow [larming a wair BE
- tha measunng poink-1
4 (PRI 14,7 06314 Flow formang & weir al
tha magsufing  poini-1
0.55 B6.75 0.00542
1/100 & Q.50 465 00052
F{3F)] 100mm 4 046 4,28 000576
oval pipe L] 046 o.81 Q00658
1£150 ] D.4% | T.24 D.O0S3S
] 0.32 | 7.47 000845
Nete 1 : Fricoon :w:ﬁ:ia:nt is & valie coraspanding to the rllclvgn'mss coallicient n the manning formula
MNow 2 : The woped parimatar lsngth ol ™a fewnd pips was Ihnmurad &l the ower face al the @pe. than i was
eomactad [ the velus at ma inner lace, afier Mowl rafes and Ufeion cosificients wers cacuiated,

LAY
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Table 5 Measuremenls on lood wasle grinder specificalions

i For load and no-load, tho cunont Is tho averago of measured value of 3 unils [(AG 100V S0HL)

2 Tho depth ol the giinding chamber Is Ihe depth lrom the edgo of tho sink Inlot to lhe rolor shrodder board,

Modal A B C D E F G H
Dizsposal maothod | Coallnuous system | Continuous system | Conlinuous system Baich systom Conlinuous  syslem Batch system Continuous system | - Conlinuous  syslom
Maotor lypo Capaclioe sarl-up type| Capacitor sarl-up ype] Cepacitor sail-up type| Capadior sarl-up fype | Permanent magael | Parmananl magnel Wnivarznl Capachos sari-up Bpo
induclion molor induclion motor induction modlor induclion maolos Iype  molod ype molor Induiction  matar
Mominal ralod ouwlpul
— (HP) 3/4 3/4 3/4 3/4 1/2 3/4 3/4 0.65
E- Momimal sotailonal
g lepquency  [rpm) 1425 1.425 1,425 1,425 2,600 2,700 8,000 -
Maximym load oulpit
1A} a1 8.1 B.O 8.5 4.8 5.4 7.9 (8.21
Hon-laad  eurrend -
) 7.7 7.6 7.6 7.0 1.8 1.8 2.9 (G.4)
Intel dmmealer )
¥ {mmj g5 B5 a5 45 BO Bo 80 fiie]
Ellociive Innor diamaner . ==
oy e apreshptsrd-inpat—{——71T 75 75 = B3 =
c port [mm}
g Scupper outor
C diameior tmmj 0.2 38.d 35.2 282 4.0 g2 8.2 32.0
E Depth ol grinding
= ehambar [mm) 155 155 155 220 170 230 160 180
O capaciy of grindng
chambar [Ly 1.0 1.2 i3 1.3 0.9 1.2 0.9 1.7
Walght
tkgl 7.2 1.7 a.0 0.3 5.4 6.0 3.8 13.0
Haolgs |

3 The capacity of the grinding chambar Is the capadly tiom the rotar grinder board to tha pesilion ol the slopper of tho splash guird for conbnuous systen

modols, and lo the presser ld slopper pasilon for  balch spstom models.
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1. Summary

It is widely believed that infection by Leginne!la bacteria results from the inhalation of
the bacteria in aerosols of water which -::-:amaiins the bacteria. In this paper an experimental
method for measuring aerosol production raties from taps is described. Factors influencing
the rate of production are investigated and sni‘ne qualitative results are presented.

The exposure of people to the bacteria is affected by their respiration rate, the
duration of their exposure and the ventilation 'rata of the room concerned as well as the rate of

production of the aerosols and the concentration of bacteria in the water. The relationships

between these factars is examined in the paper.
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3. Introduction

Bacterial infections always involve the transfer of bacteria from a source to 2
susceptible host. In the case of Legionella infections the source is usually contaminated
water. It is widely believed that transfer takes place in aerosol droplets of this water which are
inhaled. These are small enough to penetrate deep into the lungs of the host. Here, if the
host is susceptible, they react with the lung tissue to cause Legionellosis. There is however
some doubt about this transmission route. Stout and Yu,!" state that the mode of
transmission is uncertain and, that although e_-.fideru:e exists to support aerosolization, there is
also evidence to support aspiration of contaminated water or oropharyngeal secretions. It
does not seem unreasonable to suggest that contaminated aerosols could be a cause of the
intermediate infection of the oropharynx, though drinking comtaminated water could be
another.

Elimination of the Legionella pneumaophila bacteria from water distribltion systems
would clearly be an effective means of reducing the risk of infection. Much work has been
done on methods of sterilization and on the contamination lavels found in installations. Karl
De Cuyper's paper for this seminar is the latest in a serles gaing back at least to Ovesen's
paper in 1989 2,

While elimination remains the rnairi thrust of precautions against Legionella it has
proven to be an elusive target. Some attéentinn is given to aerosol production within the
context of risk assessment in Health and Safety legislation and guidance @ & % No
publications have been found which deal H'fiﬂ'l'l aerosol generation by hot and cold water supply
fixtures though one manufacturer at least has offered shower heads ‘researched and
designed to reduce aerosols and minimise the inhalation of Legionella bacteria™® Some
work has been done® on the inhalation of volatile organic compounds and radon released
from tap water but this seems 10 consider mass transfer by evaporation rather than the
formation of aerosols.

This paper is intended to provide a basis for the assessment of aerosol generation and
of the resultant exposure by inhalation. An experimental method of measuring aerosol
production rates will be described and used to investigate the factors which influence the

production rate. The interaction between aerosol production and room ventilation will be

axamined to enable exposure doses to be estimated. Unfortunately the relationship between
4




exposure and probability of infection is not. known so that the final (medical) link in the
assessment of the risk of infection is still missing. The process for risk assessment is

summarisad in the flow chart shown in Figure 1.

Concentration of
Legionella in water

'

| Rate of generation

of aerosol

v

Concentration of
aerosol in air

T

Exposura or dosag
by inhalation

v

Risk of infection

Ventilation
rate

m

Flgure 1:  Flow chart far assessment of risk of infection
from Legionalla in water distribution systems




4. Experimental Apparalus and Methods

Aerosols are formed when small droplets of water evaporate leaving any dissolved or
suspended solids as solid airborne particles. If these are small enough they will remain in the
air for significant lengths of time. For obvious reasaons it would have been unacceptable to
use live bacteria in experiments to be conducted by engineering students. Some simulant
had tharefore to be used and after some consideration common salt was chosen. This had no
health risks and was cheap and readily available.

There is an important assumption here which has not been tested. This is that the
mechanisms of droplet formation and evaporation are not affected by the presence of salt
instead of naturally occurring contaminants.

A glove box, as used in the nuclear industry, was used as the basic enclosure for the
experimants. The box was modified by fitting a laboratory pattern sink into the base and
providing a particle free air supply. This provided a closed environment where all the airborne
particles could be considered to have been generated by a tap discharging into the sink. A
diagram of the apparatus is shown in Figure 2 with same detailed information. By using
distilled water, extraneous dissolved contaminants should have been eliminated. The filter
upstream of the tap was fitted to trap any particulate contaminants in the water. These two
precautions enabled us to be reasonably confident that the majority of the aerosal particles
generated were derived from the salt deliberately introduced into the system.

Four different taps were used in the tests. There was no particular reason for their
selection other than they were examples of different styles of tap and happened to be
available. Tap 1 (Figure 3) is an old pattern of househald hand-basin tap, many of which are
still in use, while Tap 2 (Figure 4) is a maore modern version. Tap 3 (Figure 5} is a quarter tum
tap with an aerated nozzle. Tap 4 (Figure 6) is a fairly old pattern of hose tap. When used
with no fitting attalched it is referred to as Tap 4A. When a fitting with a 37 mm long piece of
15 mm pipe was in place it is referred to as Tap 4B. A rose for a garden watering can was

fixed to this fitting to represent a shower for & few tests.




S
2 16 — 17
15 Rt
14
4
13
7
12
B
B |
10 11
1. Glove Box 153x 0.84%x0.835m 1.202m’ 10. Orvarflow plug to drain
2. Removahla and for accass 11. Varabla spasd watoar pump
3. Variable spaad fan:air supply 12 Crulck actkon vabva
4. HEPA filtar (99.500% efMclen againet parficies > 03 um da} | 13 Watar filtar (pors slza 0.45 pm)
5. Iris campsr fitad to glove port &3 alr outhst 14. Tap being lasind
8. Alr sfirmar with extemal molor < 15. Mains waler supply with fleudble delivery pipe
7. 5ink 04%033x0.17m, 0.022m | 16, Alr sampiing proba
8. Bottla trap 17. Alrboma particla countar

8. Rasarvolr tank

NB. Othar glove porta not shown on dlagram ara titted with glowes for manipulating Remas inalda box or blankad off

Figure 2: Schamatic diagram of sxpadmantal apparaiig




Figure 3: Tap 1 - Old style chromed hand-basin tap

/1

sami-alliptical
nozzla

g mm

16 mm

Figure 4 : Tap 2 - More medem chromed hand-basin tap
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octagonal
aarated nozzle

Figure 5: Tap 3 - Modem 1.?:4 turm chromed hand basin tap

/ nozzle adaptor ;-
circular i.d. = 15 mm _
open nozzla = =

37 mm

circular //’ X

open nozzla
@ Ld. =13 mm

Figure 6§ : Tap 4 - Old hose fap




The airbarne particle counter used in this work was a rather eldery light scattering counter
manufactured by Royco. The model 225 manitor sampled 0.1 cubic feet of air per minute,
The model 264 display unit counted the nurntier of particles larger than 0.5 um diameter and
the number larger than 5 pm detected during orie minute periods. A model 503 recorder
module had a variable size threshold which could be set to 0.5, 0.7, 1.4, 3 or 5 um. Because
of its age this counter could not be relied on to give unvarying accuracy. [t was recalibrated
by the manufacturer's agents from time to time and we were confident about its relative
accuracy over short periods.

It was intended to measure the velocity of the air entering the box at the face of the
HEPA filter and hence obtain the air flow rate. The results the students obtained this way did
not always agree well with the rate of increase in particle counts. Mo good explanation for
this diserepancy was found so in this report ventilation rates have been derived from the rate

of increase in particle counts as explained in the following section.

50 Theory
5.1 Measurement of Particle Generation Rate

Eor an enclosure with perfect mixing the build up of contaminant from zero, with no

contamination in the air supply, is described by the equation

o
i e s e'[ﬂ (1)

where N, = concentration of contaminant at time t, number of particles/m®.
n = Rate of release of contaminant, number of particles/s.
' Q@ = ventilation rate, m%s.
V = volume of enclosure, m>.

t = time from start of release of contaminant, s.

10
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Figure 7 : Enclosure with perfect mixing
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Figure B : Build up of concantration of contaminant
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Whan the steady state condition is reached, theoretically when t = =< then
N‘ = NE = nQ

. n = QN, droplets/s (2)

We can measure N, and can therefore obtain n if we know Q.

Calculation of Q

If the ventilation rate O cannot be readily measured directly then it can be calculated
from the relationship between contaminant concentration and time. In other words by

evaluating the term Q/V in the exponential in equation {1}

Dividing equation (1) by the steady state concentration Ny, ie n/Q), we get:

E-t--= | E[%l]
N,
ot
| %:— = e.[?l (3)

If the values obtained experimentally for the left hand side of this equation are plotted

on Log-Linear graph paper then a straight line relationship should be seen,

i.e.Log Y =a-bt (4)

Whera ¥ = |-E.L

-1

a = Log1

Q
b =—I
- loge

The value of b can be estimated from the slope of the line but it is probably easier and more

accurate to use a scientific calculator to carry out a linear regression of LoggY on t. [f this is

done then the slope coefficientb = % because conveniently Log, e = 1.

Q can now be obtained easily from

Q = bV. (5)

As well as the assumption of perfect mixing mentioned initially, this analysis relies on
two further assumptions; that 1) the ventilation rate in the enclosure and 2) the rate of

aerosol generation remain constant.

12




EXAMPLE

Raw experimental data are shown in columns (1} and (2) of table 1. A linear plot of the
data is shown in figure 9. From this it was decided to average the last eight values to give a
value for the steady state concentration N, (column 3), Columns (4) and (3) of table 1 were
then calculated and figure 10 drawn to illustrate the straight line relationship.

The regression equation obtained was

y = -0.937 - 0.0097 1t
with a correlation coefficient r = 0.976.
Now Q = bV.

The volume of the experimental enclosure was 1.224 m?

. 3 = 0.0097 x 1.224
= 0.0119m¥s
Mow n = ‘DNS

0.0119 x 18,713 x 103

234 x 10° Particles/sec.

The fitted curve shown in figure 8 was obtained by substituting the above numerical

values into equation (1).

A quick estimate of the flow rate, or a check on the regression arithmetic, can be made

using the relationship,
N, = 63.2% of N,
after 1 air change has cccurred; that is when

at =V

or C}ujs—

In this example 63.2% of N, = 12,460 x 10% Particles/m?,

which occurs at approximately t = 105 secs

o i T N ]} Folr 4 i 0%

13




@

{1) (2] 4 (5)
Time Concentration | Steady State Ny . Ne
t N, Concentration N, M,
(s} (k Particies/m?) N,
{k Particles/m3)
0 0 | 0 1
60 6,758 0.3335 0.6685
130 15,714 0.7972 0.2028
200 17,868 0.9064 0.0936
270 18,539 0.9405 0.0585
340 18,774 0.9524 0.0476
410 19,730 N
480 19,687 |
550 19,150 |
620 13,016 gm;‘na
590 1,023 |
780 19,052 |
830 20,907 !
900 21,135 s

Table 1: Example calculation of vemitatiuﬁ rafe

5.2 Contamination Carried by Airbnrnef Particles

The number of Legionella carried by t:he aerosol particles will be directly related to the
volume of the wet droplets which are their pr%EGUFBGrS. and of the concentration of Legionella
in the original water, The wet dropiet w‘:ulurne was estimated experimentally from the
measured dry particles size as follows.

SALT SOLUTION |

Concentration of salt in water C ga’m::"

Wet droplet size diameter D m

3
Wet droplet volume = %.1' [—) m

14




. Mass of salt in one droplet = % D* x Cg

Density of salt = o kg/im®

= o x 107 g/md
. T DJ G 3
- Volume of dry salt particle = ——— ™
6 ox10

If diameter of dry salt particle isd m

£d3= J'L'DJG
B 6 ox10°

d* o x 10°
3=
° c
<
. D = 10d [%)’ m | (6)

Note. This equation can be rearranged to give,

g it o
.:lr:t1l2li

If Dis constant, since o i5 constant

d = kC where Kk = ——
N

This relationship could be tested experimentally by varying C and measuring the dry

particle size. i

15
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Figura 8 : Exampia linear plot of data with fitted curva
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Aegresslon line

0.01 : | |
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Time {seconds)

Figure 10 : Log-linear plot
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BACTERIAL SUSPENSION
Concentration of bacteria in water

- B colony forming units/m>

Wat droplet volume = i;-D‘3 m’
¢.f.u. in one drop = gD’E gl N

If =1 average cfu/droplet

It < 1 proportion of droplets with 1 cfu.

If we assume that for both salt and bacteria the properties of water ie density,
viscosity, surface tension, etc, are the same, then it is reasonable to assume that droplet
production is not effected for any particular combination of the experimental variables; ie tap,
flow rate, impact surface etc. We therefore assume that for both salt and bacteria D and n,
the number of wet droplets generated per second, are the same.

EXAMPLE

This calculation should be carried out separately for each band of dry particle sizes for
which data is available. |deally the particle size bands should reflect any variation in their
potantial for causing infection. While su::rﬁ variations are probable, at present we are not
aware of any specific information. |

For this example we will assume tﬁat approximately half of the dry particles being
generated in the previous example are in a band with a mean diameter d of 1.0 pm,
ie 100 x 10° Particles/second.

The concentration of salt used by the students was in the order of 18,000 g/m.
(375 g saltto 2::g.3 litres water). The dansitf of salt is 2.165 kg/m®.

For this example we will assume & l.:t:-ncentratian of Legionella in the water of 1 colony

forming unit (c.f.u.) per millilitre or 10° c.f.ufm3,
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1
Now D = 10d [%]“ (8)

Py

2,165
= 10x1.0x [Tm]

= 4.94 um

Now c.f.u./droplet = %{D}“E ! (7)

%{4.94 x 103 x 10° |

Ik

0.0474 c.fu./droplet.

. Rate of production of Legionella aerosol |

c.f.uJdraoplet x droplst generation rate

0.0474 x 100 x 10® ciufsec.

I

= 4.?4‘} c.f.u.fsec.

This calculation would be repeated for each size pand for which data was available.

53. Concentralion of Contamination in Air

We are now considering the concentration of Legionella in the air within a room,
probably a bathroom or a kitchen. Theoretically speaking we are again considering an
enclosure with an intermal source of cuntami.natiun. a supply of presumably uncontaminated
air and perfect mixing within the room as in Figure 7. Eguation (1) therefore applies during
the pariod of release of the Legionella into _1he room. When release has stopped then the

decay in concentration is described by the equation:

i .
N, = N, e{?] | (8)
where N, = concentration of contaminant at time, t, number of particles/m>.
N, = concentration of contaminant at time t = 0, number of particles/m?.
QO = ventilation rate, m¥/s.

Vv = wvolume of enclosure, m®.

t = time fram an arbitrarily defined zero time during the decay period, s.
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Figura 11 : Decay of mncantmtidn of contaminant

EXAMPLE ;

Consider a bathroom with a vulume% of 20 m? and a ventilation rate of 60 m3/hr as
required by the Building Regulations in the UK We will use the production rate as calculated
in the previous example for one size band I:tl1-?4ﬂ ¢.f.u.fs) and specify that the tap is open for
10 minutes. !

It was noted in section 5.1 that after 1 air change the concentration will rise to 63% of
its steady state value. In this example nnly;b& an air change will have taken place when the
tap is tumned off. The contamination level wiill therefore start to decay well before the steady
state level of concentration has been reacheﬁ.

Substitution of the appropriate values in equations (1) and (8) gives the build up and
decay curves shown in figure 12.
54 Human Exposure 1o Cnntamlnanti

Exposure to an airborne cnr'rtaminarét is dependent on the following three factors:

Concentration of contaminant

The rate of respiration

The duration of exposure. |
The risk of any ill effects resulting from thi.;:. exposure is dependent on many other variables
such as the toxicity or virulence of the contaminant, the susceptibility of the recipient, the size
of the particles and the proportion of the inhaled contaminant which is trapped in the

respiratory system®. The assessment of this risk is beyond the scope of this paper and may

well be impassible until the clinical microbiologists establish a dose - response relationship.
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Flgum 12; Example Bulld-up and dacary of contamination In & room

The quantity of a contaminant inhaled by an individual during a period t, to t; when

the concentration in the air is constant and equal to N, will be simply the product.

N, R (tz- 1)
where R is the respiratory rate of the individual. Where the concentration is varying this
quantity, the dose O, will be given by the intégral of the concentration eguation multiplied by

the respiratory rate
I
b= H_[ N, dt
T

We are concerned with exposure during build up, steady state, and decay of a

contaminant as shown in Figure 13. !
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4 t=0 Start of release of contaminant
and of axposure

t=t, End of relsasa of contaminant

t=t, End of exposurs

— >t
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Figura 13 ; Build-up and decay of contamination during a period of exposure

t=0 Start of release of contaminant and of exposure
t=t, End of release of contaminant
t=1, End of exposure.

The dosage equation can now be written:

i-t5)

ot
B = Hf: %[1 - e-[?]}m SR N EI[ ” ]fﬂ 9

1

It can be shown that

and

—
=
@
o
‘:ﬂ
il
8
It
=
<
=
m-
T ——
g
3 [
—
I

Hence

: o ]! (862t
D = n{% - ;—1’; {1-3{"]};+ NE‘)V {1 -e[ ¥ ]]] (10)
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EXAMPLE

We will use the same figures as in the preceding worked examples. It is worth
reiterating the values used.

Room volume 20 me.

Room ventilation rate 60 m%/hr {1 m%/min).

Asrosol production rate 4740 c.f.u/s (284.4 x 10° c.f.u./min)

Tap open for 10 minutes.

Maximum concentration {att= 10 minutes) 111.9 x 108 e.f.u./md.

Exposure for 50 minutes starting from time tap opened.

Respiration rate 7.5 litres/minute (0.0075 m3fmin).
Substitution of these values in equation (10) gives the total number of colony forming units

inhaled as 19 x 10°.

6. Resulis

The results quoted here are drawn from the work of the most recent three students
mentioned in the acknowledgements. As stated there, many of their results are unreliable in
any absolute sense. There was however fairly good consistency within each individual's work.
Their data can therefore be used with reasonable confidence to make comparisons wathin
each set of data.

Tap number 2 will be used as a datum in most of the results which follow to ease
comparisons, ie a particle production rate of 100% is the rate of generation from tap 2 flowing

at 10 litres/minute in the sink before any attempts 1o reduce the production rate.

6.1 Comparison betwean Taps

A comparison of the rates of production of particles from the various taps and the
shower is shown in figure 14, The water flow rate in each case is nominally 10 litre/minute.
Similar ditferences were found at a range of flow rates and one could associate the higher
production rates with the more irregular and “splashy” jets. The shower was included in this
test to give an indication of the relative rates of generation of showers and taps. The test
arrangement is very different 1o a practical shower installation so the comparison must be

treated circumspectly.
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6.2 Variation with Flow Rale

Although the mechanisms of dropiet formation were not known, it was expected that
the rate of production of aerosol particles wci-uld increase with the rate of flow of water from
any particular tap. [t was therefare with EIJI'I:'I-E surprise that results such as those shown in

Figure 15 were obtained. All the taps ta:sted. except 4B, showed a minimum paricle
|

production rate at an intermediate flow rate. 'Tha relationship for tap 2 shown in Figure 15 is

the least convincing example where one rr:1ight pasily attribute the apparent minimum to

exparimental error. However, this effect wa*l.s tound by all three students who examined the

variation of particle production rates so that pverall the evidence is convincing. Observation

of the flow from the taps sugpested that the particle production rate was linked to the
|

smoothness of the flow stream. The aerated tap (No.3) and the tap with the nozzle fitted

{No.4B) both had very smooth streams at a :m'da range of flow rates. While the former was

aerated the latter was homogeneous and shfuwed a steady rise in particle production as the
flow rate increased. At low flows the strearéns from the other taps tended to be broken and
disorganised. As the flow rate increased the stream would become more continuous and
smoother. Increasing the flow further tendéd 1o increase the valocity of the stream and its

turbulance. There were clearly also big variations in the amount of splashing where the

stream hit the sink or water lying in the sink. |

6.3 Source of Particles

An experiment was devised to quant;iiy the relative importance of the falling stream of
water and of its final impact as sources of ;ﬁarﬂcles. This was done by sealing a cover over
the sink with a hole in the cover just big enough to allow the water stream from the tap to pass
through without touching the cover. Air was extracted from the sink, through the cover, via
flexible vacuum cleaner hose by a fan outside the glove hox. This air flow was adjusted to
ensure downward air flow around the water stream to prevent any paricles generated by the
final impact escaping into the glove box. At the same time it had to be less than the air
supply to the glove box to maintain the pressurization and prevent ingress of extraneous

airborne particles.
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Experiments on tap 1 showed that less than 10% of the particles generated were
released from the water stream at flow rates of 12 and 15 litres/minute. At lower flow rates
production from the water stream was a smaller proportion of the total. Taps 2, 3, 4A and 48
all gave similar results. Subsequent work on the reduction of particle generation was

therefore concentrated on the impact of the strearm on the sink or on water in the sink.

6.4 Modification of Impacl

The rate of generation of particles from the final impact was expected to depend on
features such as the angle of incidence of thef stream to the surface, whether this surface was
water or was the wall or the bottom of the %s.ink; and if the latter, if it was well drained or
flooded. The initial investigation of these eff:ects was carried out using a ramp which could
give an impact surface sloping at either clog jc:r 602 to the horizontal and two overflow plugs
giving water depths of approximately 15 mm -ﬁr 80 mm. (Details in Appendix}.

The results obtained from tap 1 are shown in Figure 16 where it can be seen that all

four modifications reduced the production re:‘ites at the higher flows but tended to be less
atfective at lower flows, Similar tests on Taps 2 showed no significant effect with either ramp,
an increase in production with the shal]nwi plug but the deep plug gave a reduction in
production by a factar of 2.5 at least. Ta;i 4B, which had a very smooth jet, showed no
benefits from any of the modifications at flow rates less than 10 litres/minute with useful
reductions at higher flow rates. |

It was difficult to draw any very secure conclusions from these tests but it did appear
that cushioning of the impact by hitting fairly deep water rather than the hard suriace of the
sink was beneficial, A smooth transition from the free falling stream to flow at reduced
velocity within the sink also raduced particle generation.

The last student to work on this topic tested these ideas further to attempt to develop
some guidance for designers. “Diffusers™ were used to cushion the impact of the stream.
These were two different types of scourng pad. One was fairly dense stiff labyrinthine mesn,
ihe other was softer, more open, knitted nylon. These both showed some benefit comparable

with that from the deep overflow plug shown in Figure 16 when used with Tap 2. When used

with Tap 3 with its inherent low production rate there was an increase in particle production.
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Figura 16 : Effects of modifications tufimpact of stream on particle
production rate from Tap 1 at various flow ratas

The final tests were of the effects of placing an elliptical cone in the water stream to gently

disperse the water flow and divert it from near vertical to almost horizontal (Figure 17).
Though obviously not very practical, this device proved to be effective in reducing the particle
production rate from bath Taps 2 and 3 mre:l' a wide range of flow rates provided the water
could leave the cone freely. Similar reductions in paricle production had been noticed when

an angled water stream hit the wall of the sink with smooth flow over the sink surface.

6.5 summary of Results
The interpretation of these results is necessarily somewhat subjective because the
data from the experiments are not directly comparable. Some principles for minimising the

production of aerosol particles are however evident.
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Figura 17 : The slliptical cone

Taps should produce a smoath stream of water over their full flow range. There is no
evidence to suggest an advantage for either an aerated stream or a homoganeous stream.
Flow limiters may be useful in preventing excessive flows.

Contact of the stream with a hard surface should be as near tangential as possible followed
by smooth flow with continuously reducing velecity. This requires that the shape of the
sink or basin must be matched with the trajectory of the stream from the tap over the
whole range of flow rates. This is not difficult where the trajectory is vertical because it will
not vary but an angled trajectory will probably vary with water velocity.

Where rinsing in the water stream is not raquired, consider piping the water to the bottom
of the sink to avoid impact when filling with water.

Where impact of the stream with the water surface is unavoidable a vertical stream is
preferable to an inclined stream

As stated previously the main value of the experimental work reported lies in the vanous
comparisons. The aerosol particle generation rate of tap 2 flowing at 10 litres/minute
which has been taken as a datum 100% was in the order of 100 x 10° particles/sec. The

figures used in the worked example in section 5 are believed to be realistic.




7. Discussion

The main value of the work reparied us seen as the development of: 1) a model of
the processes involved in the transfer of Legidnella in tap water to a human host; and 2) an
experimental method of measuring aerosol gEI':I-Eratiﬂn rates by taps.

It is clear from the model that expusurje to airborne Legionella is as much dependent
on the duration of exposure, the room 'rnvulvec.i and its ventilation rate as on the concentration
of the Legionella in the watér and the aerosol ﬁeneratiun rate. Bathrooms and kitchens do not
exist in Isolation and there will generally be air transfer between these rooms and the restof a
building. The model developed in section 5.3 is for an isclated room but it would not be
difficult to extend it to cover several rooms. The theory of multi-cell models is desecribed by
Heinsnhnm. Mci{nnew has described a three compartment model - shower
enclosure/bathroom/remainder of house - iu estimate dally contaminant concentration
profiles. He found that the estimated aueragé concentration ratios for shower/bathroom and
bathroom/rerainder of house were bath in thar: order of 10/1.

It is significant that the impact of the s:traam of water appears to be the main source of
aerosol particles and that the stream itself is rglatiuely umimportant. All the experimental work
done and the resulting guidance is relevant l:u: impact with the surfaces of the sink or water in
the sink. We have not attempted to examinze what happens during activities such as hand
washing or rinsing of objects under a running :t,ap. This is likely to be a complex situation with
an initial impact followed by a very disorganised flow of water into the sink. How significant
this is for particle generation is open to conjecture.

The shower tested was clearly a prolific generator of aerosol particles but there was
no assessment of the relative importance of the impact and the stream. It is however
reasonable to expect that the impact is a significant source. There would appear to be little
prospect of reducing particle generation when one of the aftractive features of showers is the
sensation resulting from the impact. It would be interesting 1o know what lies behind the
manutacturer's claim mentioned in the introduction. This consideration of showers leads to

questions about spray taps: are they mini showers with high generation rates or do the lower

flow rates produce lower generation rates?
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The mathematical model used for estimation of aerosol production rates and
prediction of concentrations in rooms uses the long established theory of ventilation with
perfect mixing. The major assumption in bﬂ[r‘ll applications is that of perfect mixing. This may
well be justified in the glove box where the s_air velocities were reasonably high and a stirrer
provided to improve mixing. One student took samples from different positions within the box
to investigate the possibility of poor mixingé These tests were inconclusive though some
suggested non-uniform ventilation.  Mixing m rooms is however more problematic. Many

studies have been carried out in this area.. Results quoted by Hainsnhnm

factors” of 1/10 for rooms with ventilation by infiltration and natural draught and 1/6 with

report *mixing

ceiling exhaust fans. The factors mean tréat for some points in the rooms the effective
ventilation rate is only 1/6th or 1/10th of thej arctual air flow rate. Conversely other points in
the rooms will be better ventilated. It would be advantageous to position the potential human
host in the clean incoming air flow and the source in the outgoing flow but such finesse is

seldom evident in building design. .

This idea would be further deve!ap-eﬁ by designing a basin for hand washing integral
with an air exhaust hood for use in critical an'aas such as hospital accommodation for high risk
patients. This could be a more cost effectivle approach than the present practice of trying to
ensure a completely sterile water supply.

The experimental method described was developed as our understanding of possible
sources of error improved. The main problem area was the elimination of fortuitous sources
of airborne particles. The use of an enclosure pressurised by particie free air is obvious. Itis

worth highlighting the precautions to be adopted on the water side.

1} Use distilled water to eliminate any dissolved impurities.

2) Use a fine filter fitted as near the taps as practical to trap any residual particles in the
system

3} Use only corrosion resistant pipes and fittings.

4) Flush system thoroughly before and after use.

The major potential source of error lies in the use of salt 10 simulate the particulate
Legionella. We have not demonstrated that there is no effect on the generation of water
droplets but we have no reason to believe that there is any significant difference. In the work

reported the concentration of the salt in water was about 1.8% by weight. This would increase

+ 30




the density by 1.8% and the surface tension by some 0.6% at 20°C. The effect, if any, on
viscosity is not known. On the other hand raising the water temperature to §0°C would reduce
the surface tension by some 9% and halve the absoluts viscosity. It therefore seems
probable that variations in water temperature could effect aerosol generation rates and
particle sizes more than the use of salt as a simulant. Hot water taps are not recognised as
generating more splashing than cold water taps so these variations may well be insignificant.
These potential sources of eror and the relationship between salt concentration and dry

particle size derived in section 5.2, should be checked experimentally in any future work.

B. Conclusions

The impact of the stream of water from a tap hitting water or the solid surface of a
basin or sirik, is the main source of aerosols of the water and any contaminant it may contain.
There is scope for reducing the rate of generation by madifying the design of the basin + tap
combination. The resultant steady state concentration of gontaminant in a room is a function
of the ventilation rate. Room volume and ventilation rate define the time constant for the
build up and subsequent decay of the contaminant concentration. Exposure of an individual
to the contaminant is a function of the integral of the concentration over the period of
exposure and physiological vanables. If some Permissible Exposure Limits were available it
would be possible to design guantitatively.

Further work is required to test assumptions made 1o verify the validity of the
experimental method described. Manufacmlrem would then be able to develop low emission
assemblies of tap and basin with confidence.

Particle generation rates from existing hardware are very variable but values of up 1o
hundrads of thousands of particles per second have been pbhsarved. Showers appear 10
produce many more particles than taps. Local exhaust ventilation is suggested as an
economic method of limiting airborne contamination levels where the risks are significant. It
is probably only in these areas or where concentrations of Legionella in water are high that

aerosol generation from taps is likely to be a significant hazard.
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APPENDIX: Overflow plug and splash ramp drawings

— 0.25" radius approxiamately,

.——— To fit nominal 1.5" diameter sink
drain in glove box.

"= - -5 degree taper.

One off with A=0.5 inches

One off with A=3 inchas

i
Diagram 1 : Overflow plugs
|
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SUMMARY

Test methods in standards are required to provide perfa

pass/fail acceptance criteria, or to assure that specified

Sufficiency and reliability of testing requirements are e

methods which are set to achieve minimal uncertainty i

Capability for reproducing test results in test laboratory

well defined protocolsfinstructions, instrumentation req
appropriate) for measurements, and test arrangements W
variability in data,

Low flush volume water closets and other water conser
Energy Policy Act of 1992 establishes national regulati
standards have been undertaken since the time that nati
update evaluations from laboratory test methods for plu

Changes of test materials and establishment of accepiab

Galowin

rmance measurements for evaluations for
properties of products and materials are achieved.
sential for confidence in test measurement

n processes and procedures undertaken,
measurements requires that standards contain
pirements and calibration traceability (as

vith uniform test media that eliminate scatter and

vation fixtures are of major interest because the
bns for water conservation. Revisions in

pnal requirements were passed which revise or
mbing fixtures that provide data on conformance.

le performance levels for water closets in the

standard cited in legislation are discussed. Revisions include four classifications for water closet
installations for intended usage based upon building types. New requirements for extraction of waste
mixed bulk media materials for each class have been adopted for testing methods in laboratory

evaluations with different loads and extraction values for each class, Mixed bulk test

are reviewed for impacts of different types of materials
building purposes. Pass/fail criteria from evaluations g
possible statistical suitability for practices in water clos

media loading tests
and loadings applicable to categorized- different

f source data are reviewed with observations on
et performance determinations.




INTRODUCTION

ita from standards require a basis for technical
or interpretation of test data, Standards must
particularly where technical disciplinary

't evaluations.

Development of test methods and application of test d
accuracy and clarity in descriptions for understanding
adopt terminclogy that avoid different interpretations,
orientations require special materials applied to produ

codes by reference, used for design and
tance qualifications, and serve other

ns of standards facilitate trade and commerce and
rpa.nsiun for conformance evaluations in quality

Standards are applied for regulatory purposes, support
specification, provide construction safety and fire resis
scientific/engineering purposes. The diverse applicati
now take on broadened significance with worldwide e
assurance systems and quality registration systems, such as the 1SO-9000 series. United States

legislative reference to standards are advanced further by the National Technology Transter and

Implementation Act of 1995 that requires use of voluntary consensus standards by Federal agencies and

departments to carry out policy objectives or activiti

Development of standards relies upon authoritative te
reliability that test measurements, analyses of data an
derived, and have a basis, from credible research. T
reliance upon evaluation techniques from appropriate

of satistactory performance. Furthermore, precision 2
necessary requirements in procedures adopted by seve
standards link measurements for traceability and calib

assure confidence for accuracy.

DEFINITIONS

For distinct recognition in testing mechanisms comm

nical input for confidence in the credibility and
that conclusions for acceptable performance be
hnical input must be sufficient for confidence and
sasurement methods in testing for determination
nd bias statements for test data have become
ral standards sponsors. In many instances
ration purposes to national reference standards that

sets of definitions are found for use in standards;

those definitions appear in publications from different|standards organizationsfsponsors. Although
common applications exist it is oftentimes maintained |that there is a need for a distinctive connotation
that is required for specialized sectors of technology, so that differences from common use of
terminology and definitions occurs. Here, illustrative sample terms used in test standards are given

from among several listed as ASTM definitions [1] (f

Accuracy - a conceprt of exactness. When appl
bias is absent; when applied to a measured valy

random error are abseni.

Bias - a persistent positive or negative deviation

or accepted true value.
Precision - the closeness of agreement between

results. Note - the standard deviation of the er.

"imprecision”.

Reproducabiliry - the precision of a method exp
measurements made in different laboratories us

In standards for water closets those terms have not re

that water closets, produced of china (fired clay and ¢
that impedes precise dimensional control which limits

m among the groups of definitions):

ied 1o a lesi methed, it denores the extent 1o which
e, it denotes the extent 0 which both bias and

t of a 1est method average value from the assumed

randomly selected individual measurements or 1€51
ror of measurement may be used as a measure of

ressed in terms of agreement expected berween
ng similar appararus ond the same procedure.

ceived particular attention. That is due to concern
oatings), are produced by a manufacturing process
tolerances in quality control. Then, performance




conditions determined from tests must permit (it is clai
for performance. Laboratory evaluation measures have
impacts that have accommodated the issue of performar

med) wide ranges in allowable test requirements
accommodated allowances for manufacturing

ice expectations from test methods in standards as
to the product materials differences. Tests for

less stringent and with lesser statistical validations due
capability to extract mixed sol

id wastes and waste transport in drains involve assertions that complex

‘nteractions between materials and fluid dynamic aspects at interfaces are both unpredictable as well as
limited in reproducibility. Consequently, dependence gn trials/experiments with various simulant waste
materials have been necessary and that wide variability |has customarily been acceptable from test
methods. Considerations for water closet testing imprgvements are discussed in this report.

Compliance to regulations from test data must rely on :,}{:ﬂﬂpted

statistical methods to estimate reliability

and confidence for levels of performance from results hased on standards. It is essential that methods
adopted to set prescribed pass/fail criteria have confidence interval(s) (determined or estimated) for the
mean of samples that lead to achievement of the established performance requirements. A variety of
statistical methods are available from quality control prbcedures, or probability density function, #-
distribution, (from statistics literature) that is insensitive to departure from normally distributed data.

Those considerations have not been adopted for water

NATIONAL PLUMBING REQUIREMENTS

The applicability of ASME/ANSI A112.19.2 [2] and |
plumbing fixwres in the United States to regulatory pu
Energy Policy Act of 1992, Public Law 102-146 (EPA
specified as :

Lavatory faucet

Lavatory replacement aerators
kitchen faucets

Kitchen replacement aerators
Metering faucets

0.

manufactured after January 1, 1994, The following w
water closets afier the same dage:

loset testing.

.6 [3] voluntary consensus standards for
oses for water conservation is contained in the
t). Flow rates and volumetric consumption are

gallons per minute
gallons per minute
gallons per minute
gallons per minute
5 gallons per cycle

er consumption requirements are specified for

Gravity tank type water closets Joer 1.6 ppf
Flushometer tank type water closets 1.6 gpf
Electromechanical hydraulic toilets 1.6 gpf
Blowout toilets Joew 35 gpf
and other fixture requirements are specified for later dates.
TESTING REQUIREMENTS IN STANDARDS REYISION

The new A112.19.2 draft is intended to be combined for material{s) and hydraulic requirements. Then,

ASME/ANSI A112.19.6 "Hydraulic Performance Requ
discontinued.

irements for Water Closets and Urinals”™ will be




The drafi standard includes major changes for:

+ New mixed bulk test materials for evaluation

» Acceptable discharge which requires 75 perce

solids differentiation) to he extracted from the b

of water closet discharge of waste solid simulants;
nt average of mixed bulk media solids loading (no
owl:

» Performance criteria based upon different quantities of solids removal that differs for four

building classifications;
» Elimination of a waste solid drainline transpo

Similar requirements have been included in the draft 5
Canada and Mexico for North American acceptance; it
media consists of sponges and toilet tissue "balls” whi
tests (different loads for each class) and plastic balls h

In assigning test loadings tests it was assumed that rep
effects from disposal of different materials and the de
closets were strictly a device for sanitary purposes. C
usage of water closets in buildings by owners, residen
workers in commercial facilities, spectators and attend
of the varying requirements for increasing severity of
commitment to care and maintenance of sanitary facili
patterns not practiced in homes, apartments and office
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andard from tri-lateral harmonization efforts with
is currently being balloted. The mixed bulk

h were adopted as test materials for extraction

ve been replaced by the new mixed test materials.

esentative conditions should include clogging

ee of severity for user disregard that water
nsiderations of diverse and extreme ranges of

ial building occupants (renters), visitors and

es at public events or airports, led to introduction
ischarge loadings in tests. Furthermore, lack of
ies and public attitudes that tolerate disposal
buildings, which differ widely in buildings and

industrial parks or shopping malls, contributed 10 the basis for the test loadings adopted.

In U.S. building practices it is not uncommon o have
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housing systems/greater protective requirements than s
for building usage or occupancy types appears appropf
set different load conditions to applications that are co

TEST MATERIALS and REQUIREMENTS

building codes, and/or local regulatory agencies
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iate for serting plumbing fixture standards which
nsistent with other accepted building practices.

Standard simulant waste materials loadings and extraction testing were advanced by research at Stevens

Institute of Technology, directed by Tom Konen, in su
conservation program in the late 1970"s. Significant r
basis for rational loadings with test materials/methods,|
testing that are retained in standard requirements. Sul
volume water closet testing materials resulted from co
led to adaption of Konen's work, included plastic balls
distance requirements in drains.

Recognition of need for mixed bulk media as more reg
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ecognition of those efforts led to adoption of a
and water supply standardization for water closet
sequently, changes of test materials for low flush
mmittee efforts, in particular manufacturers, that
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yresentative conditions brought new efforts by

Kannan [4] for a group of materials that indicated limits on transport from repeated patterns of load

sequences; those results have been widely misundersto
repeated patterns of flush/loads were demonstrated. 5
gallon flush water closets and details for other pipe siz
[6] reported mixed bulk media tests from Washington
experimental study on drainline sizing, and evaluated

od and interpreted since transport limits with
waffield and Galowin [5] generalized those for 3.5
es and slopes beyond tests. Yingling and Galowin
Suburban Sanitary Commission (WSS5C)

water closet performance, as input to standards.




More recent efforts were carried out through extended
that were conducted by a task group of ASME A112.19.6. That intensive program included several
varieties of mixed media solids which were specific to the proposed classifications adopted by the
committee and now are the basis for materials and perfgrmance requirements included in the draft

Al12.19.6. replacement.

TEST MATERIALS IN REQUIREMENTS FOR WATER CLOSETS

The program plan of the WSSC testing program in a new test facility included many details for reliable
data by selecting mixed bulk test media and have assured reliability with replication of results as
essential to recommending and adopting pipe sizing code changes; the requisite specification was:

Complete wasie simulants extraction from the bowl for as many fixtures as possible in the prioricy
effort for entry into the drains so that pipe sizing data for code purposes could be developed.
Additionally, the residential user expectation is thar complete load removal eccurs in one flush.
For heavy loads - at the iime a newly adopred perception and considerarion - was fo obiain a
reasonable added load for siudy of both water clgser and drainline conditions - (no data with load
changes was available to assist in undertaking the design of the experiments). The plan included
a first and second flush (even with a first flush clearance) since the rransport study for drain sizing
with solids included recognition thar successive ransport events are necessary for clearing drains
and therefore esseniial to drain sizing requiremenys for the code.

Confidence in testing with mixed bulk media was obtaifed from a series of trials of materials in
preliminary tests, It was imperative that many water clpsets extracted all solids so that pipe sizing
would be based upon commonality and reliability of tes results. Existing standard test procedure that
allows partial extraction with a first flush of wastes was| considered unacceptable. Drain carry tests with
plastic balls (from the A112.19.6 Standard) indicated frequent rolling in the new facility with four drains
installed in the new laboratory (at two diameters and twp pitches). Twenty water closets were utilized in
the testing program; two were 3.5 gallon flush types, the other eighteen were low flush volume 1.6
gallon (6 liter) types and included gravity and flushometer tank models.

Preliminary mixed media test evaluations indicated two sponge types and baby wipes were useful
materials. Those fulfilled all requirements for development of consistently reproducible results (for light
loads), durability of physical characteristics, minimum yariability of material properties and shape
changes, and repeatedly sustainable for first flush and second flush. The early evaluations eliminated
tailet paper, tampons, and other sanitary products from [further consideration. Selection of light
(residential) loads and heavy (commercial) loads was m3de from the series of preliminary tests with
several trial loads with a second flush as an integral part of the original test plan.

For assurance that laboratory staff could repeat the tests and obtain comparable results a test media load
introduction was established through a guide (jig) that was included so solid(s) loading would be
uniformly duplicated. Detailed instructions for carrying out the test protocol were established 1o
minimize potential for error in conducting the tests.

The test rig included provisions for branch flow entry af a downstream junction firting located in each of
the four drainlines. Inflow simulations with values set Jn EPAct for faucets and showers lessens assist
from waste stream supplements. Those simulations were important since information was not available

for such conditions. Favorable additive transpant condifions were, and continue to be hypothesized,




such assertions are wrong since other phenomena occur
upstream (due to flow reversal) and is acrually deleteric
a topic found in research reports about solids not extra

, e.g., transient hydraulic jumps carry wastes
yus to transport. Second flush testing also is not
rted in a first flush.

“Test media sections cut from dry sponge materials simplified preparations and reduced variation in sizes;

ectimated dimensional control was less than ten percent
displacement volume (in soaked condition) and specific
quality beakers. Average data for sample materials of
given in the following table. Packaged towelettes (bab)

variation, Laboratory beaker measurements for
gravity determination were made in laboratory
the components of the mixed media loads are

¢ wipes) supply was assumed as sufficiently

——— =3

| SOLID WASTE SIMULANT TEST LOADS

Simulant Light (Residential) Load Heavy (Commercial) Load

Material  Size Sp. Gr. Qty. Displ, Wi, Qy. Displ, Wt
Syn.Sponge 1"x1"x1" .83 8 131ml | 109¢g 12 197 ml 164 g
Natl.Sponge 1"x1"x1" 1.04 12 197ml | 238 ¢g 14 229 ml 238 g

Towelertes 6.5"x 6.2" .73 0 - - 4 30 ml 23 g
Total 20 328 ml 346 g 30 456 ml 425 ¢

Avig, Speeific Gravity o9 093

uniform from the sealed packages as purchased; no readily apparent discrepancies were found during
testing. Preliminary tests showed that complete discharge of light loads was feasible and heavy loads
would challenge the complete extraction need. Those findings were substantiated from the completed

full test series.

The extent of "filling the well* was ohserved for heavy mixed media loads which exceeded the water

seal height in the bowl of some water closets with narr
refill condition). In all cases soaked synthetic sponges
first) sank; towelettes tended 1o be essentially neutral a
test proceeded after all solids came to rest. Usually na

Ow trap entry volumes (at rest and complete trap
floated, and soaked natural sponges (introduced
nd were introduced last in the test loading. The
tural sponges were discharged first into the drains

and generally had the greatest transport distance. In tests where solids did not clear the bowl the

synthetic sponges (which floated) had greater extraction
that towelettes were difficult 10 extract in a first flush a

Test Results for Ligh ad

Water closets were assumed to meet A112.19.6 require

difficulty; for commercial loads it was observed
nd usually exited with a second flush.

ments in effect at the time. Each water closet

was subjected to 24 repeated tests; for the 20 water clfjats 480 tests were conducted. All test materials

were discharged from 18 water closets (including the

0 3.5 gal models). For those tests the standard

deviation was zero. Results demonstrated confidence in the testing, established procedures and that
these mixed materials had high reproducibility and reliability validated from the testing.

The following table presents transport distance data from the light loads testing in two drains. The
standard deviations are from the five repeated tests for jeach water closet which had complete extraction

of the test load in each case. Those data are plotted in

figure | for distributions of transport distances




T IGHT LOADS FIRST FLUSH TRANSPORT TESTS (WSSC) [Only for 20 solids out] ]
Warter 3" Diam. 2% Pitch | 4" Diam. 1% Pitch
Closet # | g Dist, (f) | S@.Dev,o(®) | Aveg Dist ) | Sd.Dev, o(f)
4 l 24.8 5.7 22.7 B |
5 I 39.2 32 20.4 1.9
6 43.5 4.8 19.3 1.6
7 32 1.5 17.4 1.8
8 ﬂ‘ 24,2 23 12.2 3
9 { 15.1 1.6
10 55.2 4.8 22.8 13
1 29.1 5.9 20.1 1.5
12 36.8 22 ' 19 1.2
13 | 18.1 1.7
14 38.6 4.4 22.5 0.9
15 40.7 4.8 24.4 2.8
16 “7 45.8 5.8 28.4 3.5 '
17 75.4 4.8 28.7 2.6
18 | 40.1 6.9 18.5 1.8
19 50.6 T 18.5 2.1
SET AVG SET 0 () = N SET AVG SET o (ft) = |
| 40 156 | 20.5 4.2 J

obtained for two drainlines. The data are grouped in segments of measured length. Both results show
nearly normal distributions of the average distances with light loads. About 60 percent of transport
distances were within two standard deviations. Elimination of rolling (of plastic balls) during transport
eliminates the uncertainty from ball tests and provides a more credible representation of the transport
events. Note in first flush discharges with different mixed bulk media in the Stevens Institute tests of
drainline carry [4] showed variability range (for the same water closet) for each first flush from 20 to 40
feet (average) in initial distance with the same fixrure.

Variable complex hydraulic interactions with deformable solids mixing during passage in the trapway,
deceleration and acceleration zones in the vicinity of the drain entry turning elbow were initially
deseribed ar the Brunel University test facility [7). Beyond the entry region the cause of differences in
test data results from surge attenuation in the drain with solids deceleration that is determinable from
computer program numerical solution of the governing equations that yields the deposit location in the
pipe [7). Effects of ditferent water closet discharge profile and subsequent surge profile changes can
also be taken into account. Therefore, the drainline investigation can be made by valid analysis and




tolerances established on waste carry allowable variations through a statistical basis for probable
distribution allowances to account for variable parameters and friction factors. Design and code
:nformation from the figures also should be noted - greater ransport results from smaller pipe diameter
and increased slope ([8] and as reported previously by Swaffield and Galowin 10 CIB W-62).

Distribution of solid deposits along the drain invert is due to the instantaneous locations of solids in the
discharge profile (rise, plateau, or tail). The peak discharge flow rate, effects the transport distance.
However, wave attenuation is dependent on the pipe slope and diameter, so the coupling effects
influence transport distance. There remains 2 "hidden™ factor in waste distributions in the bowl that is
somewhat unspecified which effects position and extent of salids distributed prior to moving out through
the trapway; rapid discharge of solids at the leading edge of the surge may be impeded and introduces

uncertainty with variations for delivery into the drain.

Another variable of solids discharged from the bowl which relates to transport is the extent of "swirl” (a
voriex-like motion) within the water closet; then, the order and early positicning of solids is delayed
from immediate extraction, Downwash models tend 10 remove solids expeditiously from the bowl and
mostly in the leading portion of the discharge profile. Delayed exit from the bowl occurs with vortex
swirl although it is integral to the design concept for other purposes in design considerations for flushing
action, but has a deleterious relationship to the carry/distributions of solids in the drain.

Cansideration for Data Analysis - A "YOUDEN" Plot

A new consideration for examining test data is proposed to expand tools available for selecting an d
verifying methods for introduction of test materials and to increase reliability from tests from plumbing
standards. The test data format suggestion, is known as a "Youden plat” [9]. It is an indicator applied
to analysis of test data which indicates trends for bias and randomness. The method is frequently
applied in round robin and proficiency testing for laboratories in comparative tests; there, it permits
determination of "outliers™ from data groups for limits of acceptability or setting criteria, with specified
confidence limits, for pass/fail from comparative evaluations. It may have application to discriminating
reliability in test measurements from methods applicable to plumbing tests in standards.

In figure 2 light loads data from 4 inch diameter pipe, 1 and 2 percent slopes, are introduced in the
form of a "Youden® plot. Usually, the method uses two conditions or properties as "reference values
or as well established measurements”. The plot uses the reference point as an "artificial origin” about
which test data are grouped for comparisons with the expectation that data will be organized and have a
statistical scatter. Comparisons within a specified level of confidence can then be determined .and data
outside the prescribed bounds set aside. Here, the consideration proposed would apply to average
transport distances in different drains from sets of tests. The apparent "representative value” for
reference would be the average from each set of tests. Test data scatter from the "reference value” takes
on particular meaning. Along the major line the spread of data indicates an order with preferential shift
(bias). Data in a transverse direction, i.e., spread of data from the reference point is indicative of
random error data (large differences becomes questionable data).

Representation of confidence level curves (usually in shape of ellipses with major axis and minor axis
along the major/minor directions) can be overlaid to represent the applicable population from the
parameters in the study. Design and specification information displayed shows effects for different drain
pitch and diameter that could consolidate design guides and code sizing requirements in 2 convenient
form for installation practices. Reactions to introduction of new considerations for standards and codes
are sought, as well as for other means than this introductory concepl.




Test Results - Heavy Loads

For heavy loads 12 repeated tests for each water closet were performed, for a total of 240. The heavy
loads consisted of 30 solids, 12 synthetic and 14 natural sponges and 4 towellettes. For many water
closets those challenge clearance in first flush extraction; for some water closets a second flush did not
achieve clearance. Testing in the proposed standard with current revisions do not consider any
requirement for a second flush, although the pass/fail criteria allows partial extractions of sample
materials in the first flush to be an acceptance criteria. With the new loading categories a conspicuous
shortcoming exists in the propasal for new standard testing methods without factual records, Or SOUFCES
of research for confidence, or experiences from field data trials and analyses for the dependency on fest
materials and only single flush evaluation. In the WSSC tests reliance on adequacy of the testing
method and materials came from light loads testing with first flush extraction of all solids and the
outcome in the heavy load performance tests showed several capable of full extraction.

A test summary with heavy loads is presented in the following table (where, @ is the population standard
deviation). The data is limited to only the low flush volume water closets that demonstrated full
extraction capability (out of 18 low flush volume water clpsets). Those data also are presented

AVERAGE TRANSPORT DISTANCES (1) - HEAVY LOAD

Water
Closet Drainline: 4 D., 2% Slope Drainline: 4™ D., 1% Slope
Number
Run # 1 Run#2 Run # 3 Run # 1 Run # 2 Bun # 3
e Pyt O P i Ml e = =
| ——————-—————'_________————_|
6 335 ils 34 11.4 15.4 16.4
10 345 45.7 52.5 22 17.5 16.7
12 11.8 21 24.1 16.7 16 15.8
16 50.8 45.7 425 19 15.7 20.7
e 17 . 16 18.9 17.2
1_| Gp. Avg. = 333 ft; o=14.8 11 Gp. Avg. = 16.9 fi; 0=2.03 ft

in the "Youden" plot format in figure 2. For the 4* diameter and 1 percent slope the range of average
transport distances are over a small range, about 16 to 18 feet, with two outermost values. These
measurement distributions differ from distances for the same water closets with other drainline
conditions. The two coupled influences that effect distributions are: i) heavy loadings alter discharge
profiles extensively, and ii) drain pitch and diameter effects predominate in atienuation of the reduced
surge at lesser pipe slope. Recognition of such changes are of importance to designers and installers
that is not currently in information in standards and codes.

CLASSIFICATIONS IN STANDARDS

Classification of water closets according to building categories for usage was adopted in revision of the
A112.19.6 standard that includes increased extraction capacity with mixed bulk media test solids. The




basis for the varied loads results from consideration of user disdain for sanitary environment appearances
and lirtle concern about water closet usage for only the intended purposes. Disposal of other material(s)
and products other than removal of excreted wastes, toilet tissue and sanitary products, results in a need
for greater severity of test loadings (observations at airports, paper towel disposal, toilet seat covers,
paper towels, diapers). Those effects do not apply to residential situations and commercial facilities
regularly used by a stable population where commitment to preserve the quality in sanitary facilities
frequently remains high. However, where little concern for maintenagce, or congested diverse traffic is
experienced, unusual loads and usage conditions can be experienced. The classifications and test

loadings adopted are:

Class 1 Installation - residential, owner use installations such as one, two, and multiple family
homes and condominiums (7 sponges and 5 paper balls);

Class 1l Installation - transient use installations such as all lodging (hotels/motels) and offices with
contrelled or limited access (8 sponges and 7 paper balls);

Class 111 Installations - casual assembly use such ﬁs_hmal lobbies, mercantile, industrial, school,
dormitory, military barracks, churches and offices with public access (10 sponges and 10 paper
balls); '

Class 1V Installations - high occupancy assembly with potential for abuse such as airports, bus
terminals, stadiums and prisons (13 sponges and 15 paper balls).

WASTE SIMULANTS - MIXED BULK MEDIA TESTS

Waste simulant load testing was conducted through efforts by manufacturers in support of the standard
revisions. An extensive series of tests were performed in laboratories for evaluations with prescribed
toilet tissue and sponge loads and some limited variations in materials evaluated, Specific conditions and
common procedures were established to achieve uniformity at different facilities for staff conducting trial
testing of the materials. Then, recommendations and data were made available to the standards
commitiee for review and consideration for adoption of test procedures, test materials loads and
acceptable performance levels for the four classes.

A toilet tissue wet test for absorption and tensile strength is specified in the instructions. Formation of
the paper "ball(s)" is described by preparation on a cylinder (mandrel) then removed to form the
desired tied ball shape. Sponges are designated as open cell polyurethane and dimensionally specified;
when compleiely wetted (by immersion) they are heavier than water and sink. The specified loads for
each class and specified values for acceptable discharge performance from testing are shown in the table.
L]
The polyurethane sponges are 20 mm x 20 mm x 57 mm, density 17 kg/m’, and are water saturated by
soaking. A toilet tissue test requirement for resistance 10 tearing was established; then four sheet
formation into soft balls are described with sketches to aid in preparation. The allowable tolerance for
the ball diameter is 25 to 32 mm () into 1 1/4 in). Flush cycle extraction tests with mixed solids are
performed to obtain five sets of data. The test requires a minimum of 75 percent test media extracted as
the acceptable performance without distinction for the number of solids of each type discharged. (Note -
no solids that float are included as a component of the mixed materials.)
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SOLID WASTE SIMULANTS

. e I ——

Current Standard - 100 Plastic Balls; x in Diam. Vol. = Wt = gms
Class 1 Class Il Class 11 Class IV
Paper Balls 3 7 10 15
Sponges & 8 10 15
Total number 11 15 20 30
Reqg'd. Average
Minimum 8.25 11.25 15 22.5
Discharged !
(15%) _ P

The paper ball dimensional tolerance is 25 1o 32 mm (1 to 1 1/4 in). The volumetric variation (from the
formula for volume - a cubic dependency on diameter) is (32/25)° = 2.08, i.e. up 1o twice the volume,
or 100 percent. A "ball” is not uniformly dense or homogeneous, each may differ from one sample 10
another with unknown impacts and uncertainty upon test results. Sponge dimensional requirements
allow 5 percent or less variations.

Test Data

Data for extraction of bulk mixed media materials are shown in the tables below, the last pages and in
figures 3 to 8. The table lists the average number of solids discharged for each class from each test
round. A test series consisted of five repeated tests by an individual tester; then that cycle of five
repeated tests was conducted by four more testers, so that in general twenty five tests were obtained (not
achieved for all of the water closets and test series planned). The entire testing series was then repeated
for each class designation.

In figure 3 the average number of solids extracted in tests are plotted with two lines 10 indicate i) the
adopted 75 percent pass/fail criteria; and ii) the line with equal number of solids out equal to number of
solids in (an ideal 100 percent extraction). The draft standard for all classes requires 75 percent of
inserted loads to be extracted, without differentiation by type of solid(s) for acceptable performance. In
figure 4 a bar char display shows average numbers of solids extracted for each class designation and for
comparison with elimination of the lowest (unacceptable value(s)} of extraction. The increased
remaining average performance is greater than 85 percent for classes I to 11l and class IV at 75 percent.
Neither result supports 75 percent as an acceptable level of performance for all classes.

The standard requires five tests with average of 75 percent removal of the mixed solids for acceptance
without any limits from any one test. Without limits for each test run there may be any variation in

each test. Differing values that can lead to a satisfactory average can be illustrated from (assumed) test

results with the following patterns (in percent): 100, 100, 75, 50, 50; and another set with 100, 100,

100, 40, 40. Both examples yield 75 percent average extraction and satisfies the test criteria. Whether

such performance is acceptable when disparate performance occurs in each test set requires

reexamination and reevaluation for adequacy and sufficient demonstration of extraction capacity.

Reliable performance of water closets should not require a second flush as an expected performance condition.
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Mumber of solids in each class:

Class | - 6 sponges, 5 paper balls Class 1II - 10 sponges, 10 paper balls
Class 11 - 8 sponges, 7 paper balls Class IV - 15 sponges, 15 paper balls
TEST MATERIALS AVERAGE SOLIDS REMOVAL Al112.19.6
Average of 5 successive tests;
_ Emi.'n_sel - _i-'iesl.i by individual staiT S
Water Closet Class J

1 i u l v

AvE. AVE. Avg. Avg,

| solidsouwt | selids Oui Solids Chut Solids Out
A 9.5 10.1 8.

B 1 50 & 20 29.6
c 18.2 7.3
D 18.4 21
E I 15 19.4 28

F 9.5 14.1 16.1 15.1
G B 1 113 5.8
H 9.4 12.4 12.7 1.5
! 10.9 133 15.2 13

T ! 1 15 18.4 189
K 19.8 23.6

L (3.5 gal) 20 @0) ]

Average 10.1 129 16.6 17.1
L Sgwma e - i1 2.4 33 8

A simpler and immediate change, for example, would require that each test result be no less than 75
percent extraction in any one test. However, a more meaningful condition that would assure users,
specifiers and installers or others concerned with sanitary concerns and appearances, that a single flush
extracts all wastes; two of the tests set for 100 percent removai and a minimum of 80 percent in any
other test run so that an average of 85 percent or more would be achieved, which is in accord with the
findings from the trial tests (and presumably was the purpose) but not integrated into the proposed
standard. Improved level of minimum reguirements is also necessary since increasing installations of
automated sensors and actuation controls, with no readily perceived means for flush actuation, makes it
essential that consistently higher extraction test demonstrations are required in the standard. The
potential for residual waste materials not extracted from prior usage in 2 restroom installation is highly
objectionable.

Additional details from the tests are shown in figures 5 to 8. Individual water closet test data shows
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several repetitive scores and others that widely differed. Those with large difference that were not
repeatable have not been explained. The causes for those results need to be found for demonstration of
reliance to substantiate performance expectations are within a logical tolerance. Variable test result
ranges found in the trials are not appropriate for the intended sanitary function purposes for testing
acceptance from the standard, Further investigation of test materials, specific directions and instructions
for load placement, and other contributing causes of large differences need to be resalved. Paper balls
are permitted to be unusually different with the specified tolerance that impacts on repeatability. Test
materials other than toilet tissue balls may need to be introduced to reduce variability.

In figures 6 to 8 for both types of water closets, the number of solids discharged from the water closet
in each test by each tester is presented with the average from the set. Individual tests in some cases
show wide differences that need explanation and then a means for reducing those differences; the same
water closet with the same materials and test procedure applied should be expected to have greater
repeatability (within a range) than shown. The displayed instances with reasonably duplicated test
results under the same test conditions demonstrates a basis for the desired replication possibilities and
also that the expectation is realistic for the same conditions.

Two data sets in the proposed “Youden” format for comparisons are shown in figures 9 and 10. The
information contained in this form also provides a useful appraisal chart that could assist designers in
studies for selection of pipe parameters and fixture specifications.

Comment - Test Material Variahility

Permissible variations of test paper balls to 100 percent needs 1o be modified since it may be a primary
cause of differences in load extraction test comparisons. That wide allowance is not an acceptable test
parameter since the nonuniform conditions cannot be correlated to predictable effects on differences in
testing. Volumetric size differences become more important with the increased severity of loading
conditions for higher class designations.

Wide differences in test media sizes do not apply to the fact that actual usage experiences may be over a
broad spectrum of loadings (mass, materials, volumes). However, if such condition are to be tested then
other practices with suitably controlled dimensional sets of materials for reproducible specific ranges of
volumes (or quantities) need to be specified, with details for loading conditions. Uncertainty from the
current paper balls must be eliminated by adopting more stable and uniform test media.

CONCLUSIONS ;

Contributions for development of precision and bias statements for limiting uncertainties from test
procedures carried out under guality systems operations and direction need to be achieved for greater
assurance and confidence in the tests for application in regulations and Dy manufacturers, researchers,
public, local officials and inspectors. :

Important contributions for achieving improved performance testing was demonstrated in endeavors of
the participants in the standards evaluations program. “The body of data is extremely useful for further
evaluations of variables for test stand water closet data analysis. That, in turn, would permit improved
accuracy for confidence in tests in laboratory conditions with tests and methods applied for
gualifications.

The major changes in the draft standard(s) for water closet testing with new bulk media loads and
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category classifications have only a conjectured basis for selection of satisfaciory load conditions,
proposed tests, acceptance criteria. Field data are required for confirmation from building installation
field trial verifications. Prudent and cautious adoption practices would set acceptance criteria at rigorous

levels that could later be reduced if experience shows it possible.

Elimination of tests for drainline transport permits the fixture that introduces "bulk mass solids” into
drains will be acceptable without any testing for demonstrating reasongble carry distances in drains. In
particular, (heavy load conditions - Classes 111 and IV} in commercial and public buildings require
lengthy branch and collector drains, of drain extensions for sites at many locations, e.g., shopping
malls, industrial parks, sports and entertainment arenas, low rise motels, that have only single fixture
loadings. Performance assurance needs to be from test measurements.

Changes discussed here indicated concern about elimination of waste transport tests since the deposit of
solids oceur in distributions along the pipe lengths, and not concentrated at an average location; such
conditions can only be obtained from tests of water closets and there is a need 10 show if the extent of a
second flush can continue transport. Potentials for deposits/blockage with reduced water flows cannot
he dismissed: it is the purpose of standards to consider conditions that can arise, even if such problems
have not been prevalent. Recognition for testing other fixture operations have been rerained although
there have been no problem occurrences, then why eliminate drainline tests?

Transport with significant differences between the 20 water closets were evident. The performance
comparisons from testing with light and heavy load simulations identifies and supports methods for
newly introduced classification categories. Explicit confirmation from field data monitoring of
inetallations is required for confirmation of sizes and mixed constituents for test loads and acceptance
criteria,

The major change of classifications for categories by building purposes needs a follow-up study program
1o assess the characterization for classes assigned for water closets in designated installations. Those
classifications for diverse building types have been made without experiences and/or data. Also, support
needs to be provided for design or cade changes specific to reduced flows and applications of class
designations to varieties of building drainage systems for pipe sizing.
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CLASS 1 - WATER CLOSET TEST W

ASTE SIMULANT SOLID DISCHARGE (11 Solids)

STAFF TEST OPERATOR
I WATER l| l 2 | i 4 5
CLOSET T, —— =
Sponges Paper Spanges Paper Sponges Paper Sponges Paper Sponges Paper
TEST Balls Balls Balls Balls Balls
SET
Total Load: 6 Sponges, 5 Paper Balls
1k
1 6 5 6 5 6 5 6 5 6 5
2 6 5 6 5 6 5 6 5 6 5
8 3 6 5 6 5 6 5 6 5 & 5
4 6 5 6 5 6 5 6 5 6 5
5 -6 5 6 5 6 5 6 5 6 5
Average: 6 Sponges, 5 Paper Balls; Standard Dev, = 0
| 6 5 6 5 6 5 No Tests | No Tesls 5 4
2 6 5 6 5 6 5 3 i
: 3 6 4 6 5 6 5 4 3
4 6 5 6 4 6 5 5 4
5 6 5 6 5 6 5 ! 0
Average: 3.6 Sponges, 2.8 Paper Balls; Standard Dev. = 1.97




CLASS Il - WATER CLOSET TEST WASTE SIMULANT SOLID DISCHARGE (15 Solids)

STAFF TEST OPERATOR

WATER 1 2 3 4 5
e e b = =
CLOSET
Sponges | Paper | Sponges Paper Sponges Paper Sponges Paper Sponges Paper
TEST Balls ! Balls Balls Balls Balls
SET
Total Load: 8 Sponges, 7 Paper Balls
| 8 7 6 5 8 7 7 7 Mo Tests | Mo Tests
2 8 7 7 K] B 6 B 6
E k) B 7 7 4 8 T a8 T
4 g 7 B 7 B 7 B T
5 8 7 7 8 5 B T
Average: 7.7 Sponges, 6.4 Paper Balls; Standard Dev. = 1.8
1 B 7 B 7 B 7 Mo Tests | No Tests 4 3
2 8 1 B 7 ) 7 5 5
7 3 ] 7 B 7 8 7 3 4
4 g 5 2 0 8 7 3 4
5 3 5 B 7 8 7 5 4
Average: 6.7 Sponges, 5.7 Paper Balls; Standard Dev, = 1.08
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A112.19.6 TEST DATA FOR WC'S (AM.STD/MNSFLD)
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SIMULANT WASTE TESTING NEW MATERIALS FOR STANDARD A112.19.2
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Prewall-Installation,
Sanitary Technology of the future?

Dipl.-Ing. Rolf Westphal
Geberit International AG, Rapperswil (Switzerland)

This lecture deals with plumbing technology in sanitary rooms. Sanitary
installations are still literally ‘built in’ to the building and therefore grow with the
building process of an object. The demands for faster, simpler, more flexible and
cheaper building were never more important than they are now. Meeting these
demands, however, will eventually mean equipping instead of building in and
mounting instead of installing. This can only be done by rigorous separation
(technically and chronologically) of installation and object (= pre-wall
installation). Modern installation systems based on ‘dry construction’ allow
installation which is largely independent of the building object, supplementary
software supports the planning, procurement and assembly. This lecture
presents the structure and function of such installation systems and documents

them with examples.
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1. Subdivision of the Subject

Sanitary installations are a must in all buildings inhabited and used Dy man.
They serve in connection with sanitary devices and fittings to meet the
requirements:

— disposal of excrement

— washing and care of the body

— refreshment and relaxation
as well as

— nutrition

kitchens, work rooms
- washing and cleaning

For this purpose, water is brought into a building, partly heated, used and
then taken out again as effluent. On the whole this can be divided into two

areas,

Technical area Equipment area

e Location and design of sanitary rooms

¢ Dimensioning and design of drinking | ® Choice and arrangement of
water and waste water pipes sanitary devices (sinks, baths)
and fittings

e Connection and fixture of sanitary
devices and fittings e Additional equipment (e.g. in
hospitals and homes for the

e Heat insulation, damp, sound and fire elderly and disabled) and
proofing accessories

e Panelling measures for the plumbing |e Design of room surfaces (tiling)
technology

The extended field of sanitary installations also includes heating, ventilation
and electrical lines as well as guttering. These are usually installed together
at least in installation shafts of muiti-storey buildings.
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This lecture concentrates on the plumbing technology in sanitary rooms.

2 General Information about Plumbing Technology in Sanitary
Rooms

2.1 Legal and Economical Aspects

The customer and contractor structures are changing dramatically at the moment
in the building industry. Whereas in the construction of smaller objects (e.g.
single family houses), those involved usually know each other, the investor
sector is becoming more and more anonymous. General entrepreneurs are
coming more and more to the fore. Investor in Vienna, architect in Frankfurt,
planner in Basle, general entrepreneur in Prague, plumber on site - that is
today's practice! Consults for directly protecting the builder’s interests do not
simplify things either.

Invitations to tender with detailed designation of the individual services are being
replaced by verbal formulations of the builder's requirements (= functional
invitation to tender). The plumber has to take care of the planning process
himself in order to be able to make an offer at all. Detailed legal and technical
knowledge are a pre-requisite for success here. Weaknesses are mercilessly
exploited - a building project is often only ‘terminated’ in court.

The different interests of the various participants in the planning and execution
automatically lead to conflicts. The sanitary installation especially, which usually
involves intervention in the building structure, is bound to cause conflicts in
communication and co-ordination. Conflict-free building is therefore what is
required - and this means separating the individual trades and clearly allocating

the services.

A conflict reducing strategy for modern installation must tharéfnre be:

Decoupling of building construction and
sanitary installation as far as possible.

= 3 L) WERBSED DOC, 30,05 Sahak
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In practice this can only be achieved by installation 'in front of the wall', a form of
installation which has come to be known throughout Europe as

pre-wall instaliation

2.2 Technical Aspects

The architect has the overall respansibility for the construction and function of a
building, and this includes the sanitary installation, even if he enlists the
appropriate specialists (engineers for housing technology) to do the job.

The conditions for pipe installation, sound and fire proofing are set in the
planning phase with the positioning of the sanitary rooms in the building.

The number and dimensions of the sanitary devices and the appropriate areas of
movement determine the size of the room. The minimum sanitary equipment
depends on the type and use of a building governed by laws and regulations.
The execution itself is only restricted by the builder's financial possibilities.

Usually, pipes and connections are installed in walls and ceilings in the building
shell phase in such a way as to determine the positions of the sanitary devices.
Changing these devices is no longer possible or only at a very high cost. This
may not be important for rented apartments but it certainly is for owner-occupied
apartments. For sales-related reasons it is extremely important to consider the
buyer's individual wishes even at a later stage of the building.

To make room for the sanitary installations at all, walls need to be broken open
and re-closed. Reconstruction measures during the building so to speak! In
addition to the often ungualified interventions (static) in the building substance,
problems are literally built in. An adequate sound insulation for example is

practically impossible.

The exira costs for this type of built-in installation are rarely transparent
according to the motto ‘that's the way we've always done it’. It's the builder who
has to pay because also in the building industry nobody works for nothing.
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Modern installation technologies therefore largely separate the building and the
plumbing technology.

This produces a basic planning rule for the linking of installations to the building
construction:

"The installation of pipes and apparatus in the
building may not affect or interfere with the
requirements of the building with respect to stability,
sound protection, fire protection, heat insulation and
damp-proofing specified by legal regulations, contract
and accepted rules of technology'.

For technical reasons this also has the following consequence.

The whole plumbing technology is placed in front of the walls and
then panelled = principle of the pre-wall installation

This enables an installation which is largely independent of the building progress
and flexible' in its arrangement. This is on precondition that the space for the
pre-wall installation has already been provided for during planning.

3. Principle of Pre-wall Installation

3.1 Principle lllustration

] % £
e T e o
“a¥ |.-a..-h-... fon o m way

= = .
The example shows an installation A =
placed completely in front of the i
walls. In the case of storey-
connecting pipes at full room
height otherwise al half room
heighl.

2

Bathroom with consistenl pre-wall
installation

. 5 = WERBASD DOC, 30.08.00Mek




CIB-W62 Seminar 1996, Lostorf
Prewall-Installation, Sanitary Technology of the future?

3.2 Planning Principles

In Germany, the pre-wall installation is covered by a planning standard
(DIN 18022);

e s
{////////////// A g///////// Jrida
A —— | wen A 0+@ 25 em
7 Z
7 Z

Space required by pre-wall installations

F_ﬂ._..ji' 3]
b 1

b A A /f/ﬁf%

T
= =
gl & [ :

Planning example bathroom / WC with pre-wall installation according to DIN
18022 (dimensions in cm)
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These rules can also be applied as follows for the public trade sector:
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It is incorrect to equate the space
required by pre-wall installations
generally with additional space
requirements. As the next figure
shows, the space required by a wall-
mounted WC with concealed cistern
integrated in the pre-wall is no more
than that required by a floor-

mounted WC with an attached or low

cistern.

Wall-mounted WC row syslem
with pre-wall installation
{dimensions in cm)
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4. Examples of Installation

4.1 Manually-erected Pre-wall Installations

All details are measured in and assembled on site. Uneconomical, expensive —
rarely used.

4 2 Pre-wall Installation with Single Assembly Elements

One installation element (metal frame) pre-assembled al the factory is used per
sanitary device. All installation details are already provided by the manufacturer
of the elements. All that needs to be done at the building site is to assemble
them according to the desired center spacings and install and connect the
drinking water and waste water pipes.

4 2 1 Type of Installation for Solid Construction

All cavities are cladded or the installation is covered by a pre-wall.

wF

The assembly example shows the development of a WC room in pre-wall
installation. Geberit Kombifix are used as installation elements.
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The problem of mounting a wall-mounted WC underneath the window has been
solved by using an installation element with a top-operated concealed cistern.
Installation height 90 cm.

Half room height walling in the area of the window and full room height blocking
up at the side wall.

Urinal with automatic contact-free electronic flush (infra-red)
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4.2.2 Type of Installation for Dry Construction (Lightweight Construction)

Installations in plasterboard-
framework walls are a special
case. The planned cavities in
the walls are tailor-made for
accommeodating the plumbing
technology.

The illustrated Geberit DUOFIX
installation elements can be
used universally.

Installation in a plasterboard-
framework wall with a wall-mounted
VWG installation element

Here the installation is also mounted in frant
of the wall but then not cladded but panelled
(plasterboard or wooden panels). Since the
supporting wall is missing, the installation
elements must be much more stable than in
ihe solid construction. A fast, clean method of
installation.

Pre-wall installation with wall-mounted WC assembly
element prepared for subsequent panelling.
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4 3 The Geberit Installation System GIS

Extensive market research has revealed the following basic requirements of the
builder for a modern installation:

1. Freedom of planning and design

2 Provision of services by as few people as
possible, ideally by one provider

3. Price transparency prior to purchase

4. Fast, on-time realisation

The pre-wall installation using single installation elements is a first step in this
direction. However, an optimum solution can only be found with an installation

system which:

_  takes into account the builder's wishes and
includes them in the planning

— s in itself autonomous and therefore largely
independent of the building technology and
building construction

_  enables an exact calculation of material and
assembly

— supports the procurement of material and
work preparations

It consequently consists of

a product system and a service system

“Hardware"

-11 - VWERDASD.DOC, 30,04 BOMek




CIB-W62 Seminar 1996, Lostorf
Prewall-Installation, Sanitary Technology of the future?

The Geberit Installation System GIS provides these services

e The GIS product system consists of
— profile material

— walling
- connection and installation elements

installation elements, e.g. for wall-mounted WC, washbasin elc.

— drinking water and waste water pipes and connections

- panelling with adaptable panels

Pre-wall installations, partition walls and whole walls can be built with these
system components. Such installations can be built on site or pre-assembled at

the workshop.

Typical pre-wall installation, half room height
Free-standing GIS installation, only fixed to bare ceiling

Full room high GIS wall, fixed to floor, ceiling and side wall.

Typische vorWAND-
Imstaliation, halbhech.

Raumhohe GI5-Wand, an Bodet

Freistehende GIS-Installation,
Decke und Seitenwand befeslig’

nur guf Rohdecke befestigh
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LT

e The GIS planning system (= service system "DLS") is a software which runs
under Windows on a normal PC.

It enables:

— . planning of sanitary rooms on the screen

_  a3-dimensional visualisation of the room

_  an automatic material determination (parts list, arder list) and calculation
- compiling an offer

— crealing assembly drawings

Of course all the screen displays can also be printed. The quality, especially
of the 3-dimensional diagram, depends on the type of printer.

W
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-
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Dimensioned groundplan with GIS created by DOLS. Corresponding elevation created by DLS.
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T0-Ftedering van fdwgiteran]

The sanitary reom can be shown in perspective with the 30
module and can be printed in photographic quality providing the
right hardware is available,

The GIS product system does of course work without
using the service system!

An installation example with GIS is enclosed as an appendix.

The Future of Sanitary Technology

The planning and design of sanitary rooms will be done entirely on a PC
monitor. Equipment, fittings, accessories, lighting as well as wall and floor
coverings will be taken from electronic catalogues. The availability and price
situation will be kept up to date by the product suppliers via the Internet. The
customer will get a picture of his own sanitary room in photo-realistic quality. The
appropriate sanitary technology is determined automatically by the planning
system and converted into a materials list and assembly instructions. This is
realised in the shortest time possible with a product system like the GIS.
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Prewall-Installation, Sanitary Technology of the future?

Legende fir Abbildung Seite &
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Obere Abbildung
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Mittlere Abbildung
VorWwand-Installation

Tiire nach aussen
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With horizontal pipes
With vertical pipes
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Usage space
Movement space

Pre-wall installation
Door opens outwards
Door opens inwards
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Topic A7

Belgian Recommendations for Lowering the Risk on
Legionella Pneumobhilla Contamination in Installations
for the Distributian of Sanitary Water

K. De Cuyper, Belgium




MINIMISING THE RISK OF EGIONNAIRES’ DISEASE
RECOMMENDATIONS FOR DESIGN AND USE OF
DOMESTIC HOT AND COLD WATER SERVICES

K.De Cuyper, Engineqr, Head of Division
K. Dinne, Enginger, Researcher
C. Callandt, Graduate in nvironmental Sciences

Belgian Building Research Institute

Abstract
The domestic water system is one of the re
bacterium being responsible for a pneumon
Research conducted between others by C3
extend of the occurrence Legionella bactel
reviews briefly these results and pres
minimising the risk of Legionnaires’ diseas

servoirs for the Legionella bacterium, this
ia-like illness called Legionnaires’disease.
TC/WTCB in the early 90’s revailed the
Ha in domestic water services. This paper
ants the Belgian recommendations for

=
s

Keywords: Legionnaires’disease, domestid water services, recommendations,

1 Introduction

demic pneumenia-like illness killed 29
n Convention in Pennsylvania, USA, the
the Legionnaires’ disease. It was however

Since in 1976 a mysterious ep
participants of the 58th American Legio
world has knowledge of one disease more
only a year later that biologists were able to identify the origin of this illness: an
unknown bacterium, called “Legionella pr eumnophila”. This bacterium seems to have
been present in little water droplets, with la diameter of a few micrometer (aerosols),
which were suspended in the air of the chnference room. The origin of this aerosol
being the humidification treatment of the ir. The inhalation of this contaminated air
induced the disease in certain persons [1].

Since that date a multitude of epidemic outbreaks of the Legionnaires’disease
have been noticed in all parts of the wprld. In Europe, although some important
outbreaks -like the one in the Stafford Hogpital (UK) in 1985 and the one in the BBC
building (UK) in 1988- were related 1o the air installation, a lot of problems were

linked to the installation for the distributi

As the presence of the legionella
hospitals, was recognised to be a major hd
that the design and use of those install:
development of the bacterium, rising the §
set up by the Belgian Building Research
research was:

of sanitary hot water.
bacterium, in the plumbing installations of
alth problem in Belgium, and given the fact

itions seemed to be of importance for the
isk of Legionnaires’ disease, a research was
nstitute from 1991 till 1993. The aim of this
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e 1o evaluate the extend of the Legionella problem in the drinking water installations
inside the different type of buildings: single family houses, apartment buildings,

office buildings, sport complexes, hc-spillals and homes for elderly;

« 1o identify and to analyse the parameters inherent at installation- and use which
influence the development of the bacterjum;
« 1o set forward recommendations for minimising the risk of Legionnaires’disease.

On the occasion of the CIBW62 Seminars in Washington (1992) and in Porto
(1993), we had the opportunity to report already on the first two objectives [2], [3]. In
this paper we will present the recommendjtions which were established as a result of
our research, taking into account the information provided in literature [1],[6}.[7], [B].
Before considering these recommendations we will however first remember in §2,
some facts about the legionella bacterium pnd the Legionnaires’disease. In §3 we will
regroup our research results, while the recgmmendations will be presented in §4.

2 Legionella bacteria and the Legjonnaires’disease

Legionella bacteria are micro-organisms, 2-6pm long, which are responsible
for a pneumonia-like illness, called Legionnaires” disease. About 2 to 15 % of the
pneumonias seem to be caused by these bacteria [1]. The overall death rate for the
Legionnaires’ disease is about 25%. The susceptibility to this disease is however not
equal for all persons :

« most people who become ill are older than 50 years;

e men are 3} times more susceptible than ywomen;
especially smokers are susceptible;

« person with health problems are also more susceptible, especially alcoholics, those
receiving immunosuppressive therapy, diabetics,.. .

The infection chain is always the same: multiplication of the bacteria, aerosolisation
and inhalation.

These bacteria were found in all aguatic environments: lakes, cooling towers,
drinking water installatiens,... etc. Multiplication of legionella starts around 26°C, and
has an optimum between 35°C and 40°C.|Pasteurisation occurs above 46°C and rapid
killing above 60°C.

Besides a pneumonia-like disease, bacteria of the legionella family can also
cause a fever, called Pontiac fever, which |s however never fatal.

3 Results of the CSTC/WTCB research

The results of our research were presented in [2] and [3], we only briefly
review here the most important.
According to our findings (table 1) the legionella bacterium is not detected in
domestic hot and cold water service of single family buildings or in apartment
buildings with an individual hot water production. The bacterium is however
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commonly found in apartment or collectiv

production.

Table 1 Occurrence of legionella hacteria in di

ity buildings with a centralised hot water

fTerent types of buildings in Belgium

type of building

total nuenber examined

number with legionella bacteria

single family houwses 30 0
apartment buildings 16 4

hospitals 8 5

sport complexes L] 1

office buildings 2 2

homes for elderly 1 0

total 63 12

The occurrence of the bacterium |s influenced by several factors, between

which :

contaminated; the presence of legione

only when the hot water installation is al

Table 2 Occurrence of legionella in hot ang

The type of water distributed: in the great majority only hot water services are
12 in cold water services is less frequent and

so affected (table 2).

| cold water services of collectivities

type of water sample total numbers of samples
cold water hot water
total number of samples 36 g6 112
examined
number of samples 4 (11%) 16 (19%) 20 {16%%)

contaminated

e The dimension and type of the installati
while 43% of the collective buildings w

legionella contamination (table 3).

Table 3 Occurrence of legionella in collectiv

nn: ‘little’installations are not affected,
ith central hot water production present a

& buildings, according to the type of hot water

installation
tvpe of hot water production
gentralised decentralised
1ozl number of samples 14 9
number contaminated & (43%) 0

with the concentration of iron ions in t

The presence of corrosion phenomena:

T

The temperature at which the hot wate is produced and distributed: the lower this

the chance 1o have a contamination raised
water.

temperature, the greater the chance to nd legionella.

The presence of some materials: some
legionella development.

Summarising, one can say that the

minimise the legionella development, are:

bbers seem to have a positive effect on the

elements to be considered when wanting to
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the temperature;
the choice of the matenals;

the possibly to have deposits.

4 Recommendations

4.1 Recommendation with respect to the

The quality of water that should
building must be drinking water which

the total water volume of the hot water i

stallation;

initial quality of the distributed water

distributed as sanitary water inside a
omply with local Belgian prescriptions.

These last are however the transposition of the concerned Directive of the European

Union.
Water distributed by public distribution co

When using water from another o
potability and the presence of Legionel
minimum, is recommended.

panies fulfil normally these prescriptions.

pin, information should be taken about its

lh bacteria. A control, four times a year

Softening of the water at the incoe is possible if the characteristics of the

materials used for the piping are taken i
apparatus correctly maintained.

Physical water treatment, to prevent scal
intense flushing of the pipe downstream th

4.2 Recommendations for the design of
4.2.1 General recommendations

The current codes of good practise

hot and cold services.Regular maintenance

4.2.2 Recommendations for sanitary hot %

4.2.2.1 Decentralised instantaneous boilers

For instantaneous generators locali
of the hot water, no special measures
recommendations under § 4.2.2.2. areto b

4.2.2.2 Appliances not covered by § 4.2.2.1

For appliances which cannot be

consideration and as far as the softening
ng can also be considered, bul a regular

= apparatus is necessary.

the water services

must be taken into account for the design of
is needed in all cases.

rater generators

sed in the neighbourhood of the point of use
'should be taken. In all other cases the
= considered.

considered as instantaneous decentralised

water heaters, the following recommendations apply :
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1° Hot water boilers with a storage [capacity must be equipped with easily
accessible openings which allow an eapy maintenance of the apparatus. Herefore,
‘t is also needed to have at their lower point, a high capacity drain-off-valve.

5 o All hot water boilers must be such that they are able to maintain at normal peak
load, a watertemperature of 60°C op their outlet. An accurate thermostatic
regulation must be provided herefore.
The cold water inlet with boilers with accumulation, must be so that a great
mixing area is avoided .

3° In small installations (see terminology list at the end), no other requirements
have to be considered for the hot water boilers, than those mentioned under 1°
and 2° above.

4° 1In large installations (see terminolggy list at the end) the recommendations

under 1° and 2° above must be taken into account, and all boilers with a storage
capacity greater than 4001, must be conceived so that :

« the heating of the water is uniforn);

o there are no areas with temperatures below 60°C.

4.2.3 Recommendations for the design of the distribution pipes
4.2.3.1 Materials to be used

Materials used in the installation for the distribution of sanitary hot water must
be suitable for service temperatures of at least 60°C. Materials which can be used
normally are listed in the table 4 below. This table formulates also some

recommendations and comments with respgct to the use of these materials.

Table 4 Materials for hot and cold domestjc water services

Usable material Recommendation/comment

Galvanised steel To be used in srict compliance with the
recommendations of TIN 145[4], excepting the
temperature limitations (see hereafier §4.2.3.4)
However  this material is easily subject to
corrosion, phenomena which is favourable for a
contamination with Legionella.

In this context, it must be made clear that this
material cannot be used for the distribution of rain
waler.
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Table 4 - Continued

Copper

Stainless steel

Plastics

Other materials

To be wused in compliance with the

recommendations of TIN 154[5].

In several studies is indicated that copper is a
material which reduces the risk on a Legionella
contamination. It must be noticed however, that the
use of copper pipes is not sufficient to prevent the
development of Legionella : in the WTCB-CSTC -
research Legionella-bacteria were also identified in
copper installations. The other recommendations are
surely to be considered also.

It is recommended to use pipes with a technical
approval (ATG-approval) of the BUtgh/UBatc.

It is recommended to use plastic pipes with a
technical approval (ATG-approval) of the
BUigh/UBatc. Pipes destinated for heating systems
must be avoided.

Some laboratoriumstudies indicate that there is an
gasier development of Legionella bacteria in the
presence of certain plastic materials. However, for
the time being it is not proven that with these pipes
the risk for Legionnaires’ disease is greater than
with other kinds of pipes,

Some rubbers used for certain parts of accessories
(sealings,...), seems to constitute a nutritive support
for Legionella. Their use must be avoided or surely
reduced to a strict minimum. All valves used must
satify the approval of the water companies,

Only to be used if it is proven that they do not
constitute a nutritive suppont for Legionella.

4.2.3.2 General lay-out recommendations

1° The lay-out of the piping has to be as

simple as possible.

2° A slope of about 0.1% has to be fore LEEH so that it is possible to empty the pipes

completely.

3° The diameter of the pipes has to be ¢

the water reaches at minimum lm/s.

alculated so that at peakflow the velocity of

49

depends on the type of material used

The allowed maximum velocity of the water
and on acoustic considerations.

The diameter of the recirculation pipes -in case of a looped system- must be such

that a minimum velocity of 0.5 m/s i

5 obtained.

The presence of a filter at the income of the installation ( after the water meter) is

highly recommended, so that sedim
and don't enter the piping indoor. Fil

are generally used in this context.

ent and particles in suspension are retained
ters with a pore-size between 50 and 120 pm
such an equipment has to be maintained 1n
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good working conditions, the maintenance frequency being function of the water
consumption. Filters with automatic| cleaning by “backwashing” are to be
prefered on manual types.

50 The installation for the distribution of sanitary hot and cold water has to be
designed in a way that maintenance ¢ be done very easily.
Draining valves at the lowest points have to be installed and they should be easy
accessible.

4.2.3.3 Supplementary recommendations for cold water pipes

Provisions must be taken to avoid to warm up the cold domestic water pipes to
above the 25°C at the tappoints. This impligs :
12 that cold water pipes have to be prot cted from all possible heating sources like
« direct sunlight;
« the neighbourhood of hot water
o the heat-release in a fire-place
This can be realised by an approp iate lay-out, or by the use of appropriate
thermal insulation.

ipes ( sanitary or central heating pipes})

oided . If storage is inevitable :

ited ,

foreseen

ed to have a complete turnover every 24

2% The storage of cold water has to be
« the storage volume has to be li

« an appropriate insulation has to

s storage tanks should be desig
hours

4.2.3.4 Supplementary recommendations for hot water services

4.2.3.4.1 Small installations
For small installations, no special frequirements have to be taken in to account,

unless the general guidelines of good praqtice and the recommendations given above.

4.2.3.4.2 Large installations

For large installations it is recomrhended that :

1° The temperature of the water remains at minimum 55°C in all points of the main
pipes. This can be achieved by having looped installations with recirculation, or
by providing heating strips on the pipes.
In case of looped circuits the circilationmust be pump driven, thermo-siphon
circulation is not allowed. These cjrcuits must be so designed the temperature
difference between the departure and the return at the heating appliance, is not
more than 5°C. In no case the tﬁrj;rature of the recirculated water will be less
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20

30

40

4.3

l'ﬂ

ID

3}3

40-

than 50°C; this requires an appropr

iate design of the circulator, and the pipe

insulation as function of the pipe dianeters and length.

In case heating strips are used, these
selfregulating type.

must have an ATG-approval, and be of the

Branches of the main pipework, whefe the water can not be kept at of 55°C are

only allowed if :

their length doesn't exceed 3m, in case of buildings which are not

specifically destinated to persoris who are susceptible to be easely infected

by the legionella bacterium;

people can normally be awaited

As water temperatures above 55°C re

the length of these branches dogsn’t exceed 1m in buildings where sentive

| such as hospitals, elderly homes.

bresent a certain risk of scalding, the use of

thermostatically controlled valves is has to be generalised.

The temperature of the water at the

inlet of the thermostats may not be below

55°C, even when there is no water cofsumption.

Deadlegs and tap-points which are rarely used , or tap-points still to be installed

must be avoided.
[n case this is impossible ,provisions
rest of the circuit, e.g. by using a stop

Recommendations for the use and o

The installations for the distribution
must be regularly controlled and mai
Special attention is required for the w
of sanitary hot water.
Recommendations hereabout are de
manual.

The temperatures recommended for
water may not be changed in service.

The circulation in the hot water loop
8 hours per period of 24 hours.

chould be taken to isolate the pipes from the
valve,

naintenance
of hot and cold water inside the buildings
ntained by specialised staff.

ater treatment equipment and the production

scribed in the CSTC/WTCB maintenance

the production and the distribution of hot

2d circuits shouldn’t be stopped more than a

In case of duplicate pumpsystems, care must be taken that no pump is stopped

more than 24 hours, daily altemation

is therefore recommended.

All tappoints should be regularly used. Taps unused during a certain time, must
be closed off from the rest of the installation.
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Terminology list

Small installations:

Small installations involve:
installations in single or two family building
installations in other buildings, but where th
4001, while every pipe connected to the st
equal to 3| (contnet of the recirculating pipe

Large installations:
Large installations are those installations wh
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SIMULATION AND DESIGN OF BUILDING
DRAINAGE VENT SYSTEMS

by

Professor J.A. Swaffield, Dr. D.P. Campbell and Mrs L.B. Jack
Department of Building Engineering and Surveying
Heriot-Watt University
Riccarton
Edinburgh
EH14 4AS

As a result of notable developments in building drainage and vent sysiems in the 1900s,
mainly due 10 an increase in the understanding of air pressure transient propagation and
the availability of high speed computers, researchers and designers are now able Lo
accurately predict the dynamic response of even the most complex of systems. Subsequent
1o the introduction around 1970, and the now common use in the UK, of the single stack
system, this new knowledge has meant that networks can now be fine tuned and further

predictions made.

The maintenance of trap seals is a prerequisite of any sysiem and ongoing research into
air pressure transient propagation within a network, and the ways in which this may affect
1raps, can increase this knowledge further. This paper will describe how, by examining
the parameters upon which the suction within a stack is dependent, it can be shown that
by using empirical data collected through exiensive lesting, a relationship between
pressure coefficient and the ratio of imposed water flow 10 entrained air flows can be
developed which is applicable to any system configuration. Such relationships can then
be utilised as a factor in modern computer models used to predict the dynamic response
of both design stage and built systems.

INTRODUCTION

In order to prevent foul air ingress into any habitable space it is necessary in building
drainage systems to maintain appliance trap seals. Some air pressure transients set up
within a drainage system have the capability of depleting or completely removing the
waler from a trap. Depending on the amplitude and profile of the transient, traps can
either be lost directly into the stack or, in the case of a positive pressure transient, water
can be lost by upwards displacement or can spill over into the stack as the oscillating
column returns through the trap. There are several ways in which these transients can be
generated and the study of their propagation, as well as the effect they can have, is vital
10 drainage design.

DRAINAGE SYSTEM DESIGN

Historically, the development of drainage systems follows a definite path from the two-
pipe system (1900-1930), where wc discharge was separated from all other waste flows,
to the one-pipe design (1930 onwards), where all waste flowed through one pipe but all
appliances were connected 10 a vent stack. This was followed by the modified one-pipe
system (1950 onwards) where the waste stack was connected at regular intervals to a vent
stack. Although some one-pipe and modified one-pipe networks can all sull be seen in




use today, the single stack system (introduced around 1970) where all appliance types
{including wc's) discharge into one pipe is now the most common in the UK, with
ongoing research providing information on such issues as pipe and branch size, slope,
lenpth and design as well as the use of devices such as air admittance valves.

Throughout this development, maintaining trap seals has always been of paramount
importance, with research and investigation into the theory of building drainage and vent
systems providing a much clearer understanding of the effect of stack water flowrate on
air pressure transient propagation. Early work into the flow capacity of vertical stacks
was carried out by Hunter (1924), Babbitt (1935) and Dawson & Kalinske (1937).
Investigations concluded that a stack should not run more than 25% full in order that a
central air core be maintained and plug flow prevented. This in turn would then prevent
the generation of air pressure transients large encugh to deplete or destroy trap seals. The
outcome of further work by Hunter et al (1938) and Dawson & Kalinske (1939),
examining the sizing of vent systems and branch to stack flow conditions, together with
investigations by Wyly & Eaton (1961), generally led to the replacement of the two-pipe
network by the one-pipe system.

Further work into the theory behind the one-pipe system was carried out by Wise (1952)
and was extended to cover investigations into the operation of a single stack system. The
response of buildings up to a height of five storeys was investigated by Wise & Croft
(1954), leading to site experimentation on a building 30 storeys high by Pink (1973).
Much of this latter work, combined with previous knowledge, led 1o the development of
the accepted UK design guidelines in the form of BS 5572.

Recent developments in computing technology and the accepted application of numerical
simulations 1o the theory of fluid mechanics now means that it is possible for researchers,
designers and installers to opimise methods of analysis of building drainage and vent
systems, allowing the inherently unsieady nature of drainage flows to be considered. The
flexibility of computer generated networks and the speed with which designs can be
simulated means not only that modifications to existing systems can be tried and tested but
that new and more innovative designs can also be investigated.

APPLICATION OF NUMERICAL BASED SOLUTIONS TO THEORY
REPRESENTING LOW AMPLITUDE AJR PRESSURE TRANSIENT

PROPAGATION

Air pressure transients, such as those experienced in building drainage and vent systems,
may be expressed mathematically using the unsteady fluid flow equations of continuity and
momentum. Combining these equations and then rewriting them in terms of velocity and
wave propagation speed yields a pair of total derivative characteristic equations which may
be solved using a finite difference technigue.
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where u is the air flow velocity, c is the appropriate acoustic velocity, that depends on
both air density p, pressure p, and the adiabatic index -y, expressed as ¢ = (ypp)™*; [ is
the appropriate friction factor and hence allows drain material and frictional losses to be
included in the simulation.

Equation (2) is known as the Courant Criterion and the finite difference solution of the
two simultaneous eguations represented by equation (1) is only valid if this relationship
is rue. Effectively the Courant Criterion determines the relationship between the solution
time step, dt, and the internodal distance, dx, used in the simulation.

A method commonly used 1o progress this solution is that of the method of characteristics
as developed by Lister (1960). Here, characteristic curves are drawn in the X-t plane, the
slope of these curves depending on local wave propagation and flow velocities. This slope
also determines the model time step which is generally very small. As a result, in order
to obtain an accurate and fast solution, a good efficiency computer is required. It is for
this reason that since the introduction of such computers in the 1970s, analysis and
prediction of air pressure transients has notably progressed. The method of characteristics
technique has been widely developed and in its flexibility allows application to a varied
range of transient problems.

In order lo predict the travel and amplitude of air pressure transients in a drainage system,
the variables upon which the suction pressure in the stack depends must be defined. With
reference to Figure 1, these are:

ﬁP = (I}l (pai pws Qna th 'DI k: '!1 j"'l'# "I'w]

where

P = air density

Pu = water density

Q, = air flowrate

Q. = water flowrate

D = stack diameter

k = stack wall roughness

t = annular water flow terminal thickness
p, = air viscosity |

o = water viscosity

Using Buckingham’s « theory, this can be reduced 1o show the Ap group dependent on
six dimensionless groups ie
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where Re, is the entrained airflow Reynolds MNumber defined as if the assumption

that t = D is complied with.

Dy,
In this case the suction pressure in the stack has been non-dimensionalised with air

flowrate rather than water flowrate to maintain consistency of fluids. However, it can be
shown that for annular flow:
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the [E] term being constant.

The IEI’ITI—E; may be recognised as a form of pressure coefficient which is non-
vep, Vo

dimensional in terms of V,. Once determined, this coefficient then becomes applicable

to any vertical stack whose other parameters including imposed water flowrate are known.

It can therefore be used in the development of a numerical model representing the suction

pressure and entrained air flowrate generated by particular water flowrate.

DETERMINATION OF THE PRESSURE COEFFICIENT

In order to determine the pressure coefficient flow ratio relationship, it is first of all
necessary 1o acquire sufficient experimental data 10 which the above dimensional analysis
techniques may be applied. In order to achieve this, three working single stack drainage
pipes were tested. The pipe materials and diameter were selected mainly by accessibility
10 full scale working systems. Two plastic pipe stacks of diameter 75mm & 100mm each
with a height of approximately 15m (5 storeys) and one cast iron stack of diameter 150mm
and height 52m (17 storeys) were selected for testing. Data from previous investigations
was also accessed.

Since the density and viscosity of the fluids can be assumed 1o be fixed and the stack
parameters of diameter and roughness are also fixed for each individval case, the
remaining variable parameters were all monitored (with the exception of annular water
flow terminal thickness which is determined by the pipe roughness, diameter and water
flowrate). -




Figure 3 shows the method by which entrained airflow, water flowraie and suction
pressure, were measured. All of the stacks tested terminated at roof level where straight
lengths of smaller diameter plastic pipe fitied with pitot-static tubes were connected. In
each case a long enough length was used to allow the airflow distribulion 10 stabilise prior
to measurement. Where this was not possible due to practical restrictions, airflow
raverses were monitored for each different case and applied to any later measurement.
In order to prevent the ingress of air into the stack via other routes, every branch not used
as a water inlet point was cut and sealed.

The suction pressure and entrained air flow were induced by predetermined water
flowrates which were pumped into each stack via connecting branches. Where possible,
existing branches were used, however, in some cases, additional branch connections had
10 be fitted to the 75mm and 100mm stacks. These additional connections were always
run through working traps in order to simulate normal working conditions.

In each case the pitot static wbe and several pressure tappings were then connected to
diaphragm transducers which in tumn relayed a 4-20mA signal to a central compuler.
These transducers had a range of + 1000 Pascals, enabling them to measure both positive
and suction pressures. Figure 2, showing the air pressure variation down the length of
4 vertical water carrying stack, demonstrates how the water curiain at the drain entry can
penerale a positive back pressure. Tappings measunng suction pressure in the stack were
connected at evenly spaced height intervals and where water was being pumped in via a
connecting pipe, the iapping was placed just above the branch, even although the
minimum pressure exists just below. The reason for this was that below the junction, the
pressure transducer becomes susceptible to water ingress and noise due 10 the high degree
of swirl generated as the water flow impinges on the opposite side of the stack.

Several configurations were lested in order to yield the greatest amount of comparable
data, mainly achieved by varying water flowrates and water inlet heights. A range of
blockages, both partial and full were also used at roof level to induce a varied suction
pressure ie allowing movement along the AP vs Q, curve. A few lests were run with two
or more pumps running simultaneously in order to assess the dynamic response of the
system to multiple flows. Although not necessary for determination of the pressure
coefficient, additional tests were also carried out which demonstrated the effects of various
transient conditions applied to the water flowrate.

RESULTS

Due to a slightly different approach and the sheer volume of data collected on testing the
150mm cast iron stack, only the 75mm and 100mm stack results will be presented here,
with the 150mm stack results to be contained in a separate paper.

Figures 4 and 5 show the results obtained for the 75mm stack while Figures 6 and 7
showing those for the 100mm stack. Figures 4 and 6 represent the data resulting from
the application of different flowrates to each stack whereas Figures 5 and 7 show the
results obtained when suction pressures and corresponding entrained air flowrates for each
water flowrate were used to calculate values for the non-dimensional groups as described
previously.




1t can be seen from these sets of experimental results that:

L for either diameter stack, entrained airflow increases with an Increase In warer
flowrate.

An increase in water flowrate and hence water velocity resulls in an increase in the
shear force at the boundary between the falling annular water film and the central
air core, which due to the no-slip concept results in an increase in entrained air.

@ for either diameter stack, the suction pressure generated within the system
increases with an increase in water flowrate.

Since the movement of air into the stack must be accompanied by a pressure
gradient to overcome frictional losses in the dry stack, any increase in entrained
air flowrate with water flowrate will result in an increase in suction pressure. This
increase in suction pressure with water flowrate is much more noticeable when the
stack termination at roof level is partially or fully blocked. This is due to the
additional forced increase in local air velocity through reduced openings with high
loss factors, which generate local pressure losses.

. Any water flowrate above approximately 0.8 litres/second was found to result in
almost complete blockage of entrained airflow in the 75mm stack.

This occurred due to almost total coverage of the inside of the stack by the water
curtain from the connecting branch and resulted in a minimal airflow measurement
at the stack termination on the roof, although the pressure transducer did monitor
substantial noise levels. The resulting restriction that only lower water flowrates
could be set in order to maintain a measurable entrained airflow meant lower
suction pressure and airflow values were obtained dunng testing. These lower
levels became increasingly difficult to measure with accuracy as water flowrates
were dropped and as the water inlet point fell. It is for these reasons that the
empirical data for the 75mm stack appears poorer than that for the 100mm stack.

L] Regardless of diameter, the suction pressures generated by any one water flowrate
were found to be in a similar range, whereas the corresponding entrained airflow
rates were notably higher for the larger diameter stack.

Although the water flowrates used to produce the graphs shown in Figﬁres 4 and
6 are not exactly comparable, similar flowrates show the difference in entrained
airflow rates between the 75mm and 100mm stack. Frictional losses in the dry

2
stack may be calculated from Darcy’s Equation, i& ADgicien = /L Q0
L, = length of the dry stack. 2D 47
Hence for similar lengths of stack the suction pressure due to friction at any Q,
will depend on stack diameter D*. Large diameter stacks will therefore have a
higher entrained airflow for the same suction pressure.

where




® Using experimental data representing warer flowrate, entrained air flowrate and
stack suction pressure, non-dimensionless groups can be established which
demonstrate the generation of a pressure coefficient vs flow raiio relationship.

Figures 5 and 7 show how by non-dimensionalising the experimental data
collected, a curve representing the pressure coefficient vs flow ratio relationship
representative of the stack can be generated. This relationship is then applicable
to any stack with the correct relevant parameters.

CONCLUSIONS
The emergence of a pressure coefficient/flow ratio relationship from the non-

dimensionalised groups (calculated with respect 1o entrained airflow) shows that with
sufficient experimental data, the determination of similar relationships applicable to any
network, regardless of its particular parameters is possible. It is predicted that data
collecied for both the 75mm and 100mm stacks (of which only a fraction has been
displayed here) can be combined with results from the 150mm cast iron stack and results

from Campbell (1992) and Pink (1973).
The use of relationships of this type, analogous to fan characteristics, although relevant
to any network calculation, yields optimum benefits when used within a mathematical

model capable of analysing drainage and vent sysiem designs.
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ABSTRACT

In common with all types of building drainage networks and vent systems, the flow
conditions within those installed in London Underground stations may be defined as
unsteady. This coupled to the unorthodox layout and operating conditions of Lendon
Underground station drainage and vent|systems, means that traditional, empirically
based design methods are not suitable. The use of numnerical computer models, based on
the time dependent solution of the governing equations of unsteady flow and capable of
accurately predicting flow conditions, is the only way to ensure the efficient and
economical design of London Underground station drainage networks and vent systems.

This paper details the additional bound conditions and model subroutine required to
enable the general drainage and vent computer models, developed previously at Heriot-
Watt University, to be used to simulgte the flow conditions within the drainage
networks and vent systems installed in Lgndon Underground stations.

INTRODUCTION

The water flows within building drainage networks and the air flows within their
associated vent systems are both examplés of unsteady flow, the time dependency being
due to random appliance usage patterns|and the modification of appliance discharges
due to wave attenuation. Traditionally, the complexity of the equations defining these
types of unsteady flow, and the laborious|nature of the available solution techniques, has
meant that empirical design methods were used to design building drainage networks
and vent systems. However, as these mgthods are based on steady state experimental
data, they take no account of the unsteady flow conditions that actually occur within
such systems. In addition, the probabylity dependency explicit in these empirical
methods make them particularly unsuitable for the design of systems with a small
number of appliances or for systems with unorthodox operating conditions. The only
accurate method of predicting the flow donditions within any type of building drainage
network or vent system, and hence ensure efficient and economical design, is to utilise a
time dependent solution of the governing equations of unsteady flow. The recent
availability of modern digital computing fhas now made this a practical option.




CHARACTERISTICS OF LONDON UNDERGROUND STATION
DRAINAGE AND VENT SYSTEMS

The drainage networks installed within l.ondon Underground Limited (LUL) stations
are characterised by a relatively small pumber of appliances which, as a result of
variations in staff levels/requirements, arg used sporadically. In addition, LUL station
drainage networks receive large pump digcharges from low level collection sumps. the
frequencies and magnitudes of which are primarily dependent on the prevailing weather
conditions. These characteristics clearly| indicate that the empirical design methods
discussed previously are unsuitable for the design of LUL station drainage networks.
Therefore. the efficient and economical design of such networks may only be carried out
using a time dependent numerical model |based on the relevant governing equations of
unsteady flow.

As a result of the layout of LUL station|drainage networks, where normally aspirated
vents are often ineffective, mechanical fans are employed to provide venting for low
level appliances and collection sumps.| The complex interactions between the fan
penerated air flows, the water entrained fir flows and the large air volumes contained
within collection sumps, means that the gmpirical design methods discussed previously
are unsuitable for the design of such systems. As with LUL station drainage networks,
the use of a time dependent numerical model based on the relevant govermning equations
of unsteady flow, is the only method of ensuring the efficient and economical design of
the vent systems installed within LUL stajions.

MATHEMATICAL BASIS FOR|THE MODELS

The unsteady water flow conditions within building drainage networks and the
propagation of air pressure transients within building drainage vent systems belong to a
family of unsteady flow regimes which may be described by the St. Venant equations of
continuity and momentum. These equations, representing quasi linear partial differential
equations, may be solved by application pf the numerical method of characteristics and
computer based finite difference techniques (Lister, 1960).

AIR PRESSURE TRANSIENT PROPAGATION

It may be shown (Swaffield and Galowin, 1992) that in the case of full bore air pressure
transient propagation in building drainage vent systems, application of the method of
characteristics to the relevant St. Venant pquations yields the following total differential
equations in terms of flow velocity (1) and acoustic velocity (c) :

du 2 de 4fuld =

i s T T ()
L
—=ute (2)

where ¥ is the adiabatic index of air, f is the Darcy-Weisbach friction factor, D is the
pipe diameter and ¢ is defined, in terms| of adiabatic index (y). air pressure (p) and air
density (p). as :




The finite difference expressions given |

condition, given by equation (2) and terme
characteristic lines, defined by equation (
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particular location and time may be comm
the future.

It should be noted that. as air pressure and

equations (1) and (2) in terms of flow velg

(p,) may then be calculated as :
I

L)
(23]

where the suffix ; refers to undisturbed air

Equations (1) to (4) form the basis of th
Heriot-Watt University to predict the air
drainage vent systems.

UNSTEADY DRAINAGE FLOW

In the case of unsteady flow in building ds
characteristics to the relevant St. Venal
Galowin, 1992) to yield the following p
flow depth (k) and flow velocity (v) :

dt
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where § is the pipe slope, S, is the fricti
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BOUNDARY CONDITIONS

In addition to the governing equations de

conditions within building drainage net

relationships, known as boundary condit

external boundaries on flow conditions.
Heriot-Watt University include boundary
elements in building drainage networks an
discharges, appliance trap seals. Additionz
in this paper, must be added to the mo
appliances and configurations to be predict

MECHANICAL VENT MODEL

IDENTIFICATION AND DEVELS
BOUNDARY CONDITIONS AND MOI

Following consultations with LUL drain
LUL, it was determined that the followir
subroutine were required to accurately s
systems installed within LUL stations :

« A boundary condition to represer
changes.
A flow balancing subroutine.

fined above, numerical models to predict the
works and vent systems must incorporate
jons, to describe the effect of internal and
The two models previously developed at
conditions to represent all commeonly found
d their associated vent systems, ¢.g. appliance
| boundary conditions, such as those detailed
del to enable the effect of specific system
ed.

YPMENT OF THE ADDITIONAL
DEL SUBROUTINE

npe engineers and consultants employed by
g additional boundary conditions and model
mulate the operation of the mechanical vent

t mechanical fans, including fan speed

Imp Sumps.

A boundary condition to represent p
A boundary condition to represent h

holding tank or a manhole.
mechanical vent entry connected 1o

Fan Boundary Condition

hlding tanks.
A boundary condition to represent an appliance discharge to a pump sump, 2

A boundary condition to represent the closure and subsequent re-opening of a

pump sump or holding tank.

As stated previously, mechanical fans are installed in LUL station vent systems to

provide venting for low level appliances al

The boundary condition developed to rep

nd collection sumps.

esent the fan/atmosphere interface, and hence

enable the calculation of the air pressure at the first node downstream of the fan (p)), is

based on the following equation :
=Pt Pj

where p, is atmospheric pressure and p,
the user specified fan characteristic.

(8)

is the fan total pressure, which is a function of




In order to simulate the effects of changes
non-dimensional fan coefficients :

s Fan flow coefficient

» Fan pressure coefficient

For a single fan the flow density (p) and

fan delivery flow (0O) and associated press
5

via the non-dimensional coefficients
(Crer+ BPrese Neep ). From equations (%)
expressed as

Q
ot
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in fan speed, the model utilises the following

(9)
o

D!

fan diameter (D) are constant. Therefore, the
ure rise (Ap) at any speed (V) may be related,

hown above, to fan reference conditions
and (10), the required relationships may be

(10)
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N Y
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In addition, any fan characteristic may be expressed in the following form :
AP = K+ K}an * K:Q.-.;,r! * K.th_ru (13)

where K,,K,. K, and K, are fan depende

Manipulation of equations (11}, (12) and (
characteristic at any speed :
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13) yields the following expression for the fan
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By defining fan speed as a function of tin
simulate the effect of changes in fan spe
dowr, intentional variations in fan spe
conditions to be simulated.

Flow Balancing Subroutine

As the mechanical vent systems installed

1e within the model, it is therefore possible to

d. This enables the effects of fan start up/shut

d (variable speed fans) and fan breakdown

within LUL stations are often complex, multi

branched arrangements served by one
immediately downstream of the fan to
system. The flow balancing subroutine

;!

fan, il is common to install adjustable valves

¥

egulate the flow through each branch of the
incorporated into the mechanical vent maodel

enables the effects of these valves, term
This is achieved by introducing loss cg
intersecting at the first junction upstre
coefficient, which can be equated to the

altered individually until the desired flow

ed volume control dampers, to be simulated.
efficients into each of the network branches

of the fan. The magnitude of each loss
osition of the volume control damper, may be
balance is achieved.




Pump Sump Boundary Condition

As shown in Figure 1, a pump sump 1S

receives appliance (not W.C's) and pump

 low level. unsealed collection sump which
discharages. To prevent build up of odour in

and around pump sumps, they are always connected to a mechanical vent system.

The boundary condition developed to repr
the fact that the air pressure in a pump su

entrance to the mechanical vent pipe. Us

user specified sump data (initial free air

lass coefficient) and an iterative techmgque
sump to be calculated.

The use of a variable, user specified vent

equated to the degree of air entrainment ir}
any type of pump sump configuration to bg

Holding Tank Boundary Condition

As shown in Figure 2, a holding tank i
receives appliance discharges (mainly W.
foul odour and the depletion of appliancs
tank is always connected to a mechanical y
2 in Figure 2), normally terminating at

prevent appliance trap seal depletion due t

The boundary condition developed represe

2sent a pump sump in the model is based on
mp is always equal to the air pressure at the
ng this relationship, in conjunction with the
lolume, water inflow, water outflow, venting
allows the air flow conditions within a pump

ng loss coefficient, whose magnitude can be
to a sump from the surrounding area, enables
> modelled.

L 2 low level, sealed collection sump which
C's). In order to prevent the accumulation of
trap seals during pump operation, a holding
lent system. An additional vent pipe (e.g. pipe
an air admittance valve, is also installed to
n the action of the fan.

nts a holding tank as a junction with a storage

capability, an approach which yields expfessions for the air inflow and outflow from a

holding tank. When combined with the
expressions enable the flow conditions wi
pump sumps, the user specified holding
water outflow) enables the effect of v;
simulated.

Appliance Discharge Boundary Conditi

The boundary condition developed to reps
holding tank or a manhole is based on the

p = PI:I + P
where p is the air pressure at the end of th

atmospheric pressure and p, is the air |
which has been shown (Campbell, 1992) {

In addition to normal flow conditions
stoppage, be used to simulate the effect g
appliance discharge.

Mechanical Vent Entry Closure/Openi

In the event of pump failure, sump level 3
mechanical vent pipe connected to a

equation defining tank air pressure, these
ithin a holding tank to be calculated. As with
ink data (initial free air volume, water inflow,
riations in the tank free air volume to be

on

esent an appliance discharge to a pump sump,
following equation :

(13)

= pipe conveying the appliance discharge, py is
hressure induced by the appliance discharge,

a be a function of the air and water flow rate.

the model may, by specifying an airpath
f full bore flow within the pipe conveying the

e Boundary Condition

ensor failure or excessive inflow, the entry to a

pump sump or holding tank may become

submerged. This would result in the propagation of large air pressure transients through




the system and, as a submerged vent entry acts as a dead end, a change in the system
steady state operating conditions. The air pressure transients generated or the change in
the system operating point may well result in the depletion of appliance trap seals
throughout the system.

The boundary condition developed to reprgsent an instantaneous vent closure. based on
the Joukowsky expression for the pressure change accompanying an instantaneous flow

stoppage, is given by :

Ap=—pevy (16)
where Ap is the pressure change due to the air flow stoppage, p i5 air density, c is the
acoustic velocity in air and v, is the local velocity destroyed by the air flow stoppage.

The negative sign in equation (16) indicytes that, as the air is being drawn from the
sump to the fan, the expected pressure change on vent closure is negative.

In many cases the geometry of the vent tp sump connection will result in a less rapid
closure of the vent entry. The model replesen!s slower vent closures by introducing a
variable closing loss caefficient (X,) to equation (16), given by :
K
K.o==t AT 17
£ I-:;H 13 {: }
where K. is the maximum loss coefficient achieved during closure (0 for a fully open
entry, 60000 for a fully closed entry), T, ig the total time for vent closure, AT, is the time
into the closure and » is an index to represgnt the mode of closure.

When the sump water level drops, a submgrged vent entry will re-open, allowing the re-
establishment of the air flow from the sump. This scenario, which will again result in
the propagation of large air pressure trajsients and a change in the system operating
point, may lead to the depletion of appliance trap seals.

The model treats an instantaneous re-opefiing of a vent entry in an identical manner to
an instantaneous closure. The only differgnce is that as the air flow is re-established the
pressure at the vent entry will increase,| hence the negative sign in equation (16) is
neglected.

A slow opening of the vent entry is also treated in the same manner as a slow closure,
the variable opening loss coefficient (K,) being given by :

x=xfi-{%5] ) s
.= ML T J (18)
where K, is the maximum loss coefficignt achieved prior to the re-opening of the vent
entry (0 for a fully open entry, 60000 fof a fully closed entry), Ty is the total time for

vent re-opening, AT, is the time into the| re-opening and » is an index to represent the
mode of opening.

VALIDATION OF MECHANICAL VENT MODEL

In order to validate the model, site tests were carried out on the mechanical vent system
installed at Green Park Underground Station. This system, a schematic of which is
shown in Figure 3, was selected as it was considered representative of LUL station vent




systems in general and because the exposed vent pipes greatly simplified the installation

of the monitoring equipment.

System Instrumentation and Test Met

hods
Fifteen pressure transducers, located re%laﬁ}r throughout the system. were used in
conjunction with a P.C based data acquisition system to record air pressures within the
vent pipes. In addition, a pitot static tube/pressure transducer arrangement was used in a
number of different locations to monitor the air flow rates within the system.

To enable a wide variety of both steady and unsteady conditions to be monitored in a
short time, events were artificially initiated.

Comparison of Measured and Predicte Conditions

The air pressures and air flow rates predicled by the mathematical model compared very
well to those measured on site. Two examples of this good agreement arc shown in
Figures 4 and 5.

Figure 4 shows the measured and pred cted variation in air flow rate, through the
mechanical vent pipe connected to pump sump number 1, as 2 result of the fan slowing
down from maximum speed via a series of intermediate speed settings. As can be seen,
the predicted variation in flow rate compares very well to that measured. In both the
measured and predicted cases, the relativgly slow fan transition time (approximately 20
seconds) results in smooth changes in the pir flow rate.

Figure 5 illustrates the measured and predicted variation in air pressure, immediately
downstream of pump sump number 1, a5 a result of the instantancous closure of the
mechanical vent entry connected to pump sump number 1. As shown, the model
accurately predicts the steady state air prssures occuming before and after the closure
event. Figure 5 also shows that the meastred and predicted peak positive and negative

pressures are of the same order of magn
inability to replicate an instantaneous vent

DRAINAGE MODEL

IDENTIFICATION AND DEVELOP
CONDITIONS

Following consultations with LUL dral

tude, the minor differences being due to the
closure on site.

MENT OF ADDITIONAL BOUNDARY

age engineers and consultants employed by

LUL. it was determined that the following additional boundary conditions were required

to accurately simulate the operation of
stations :

» Interceptor trap boundary condition
e Pump delivery to gravity drain bour

Interceptor Trap Boundary Condition

Interceptor traps are installed in all 1
upstream of the local authority sewer cor

L

the drainage networks installed within LUL

jdary condition.

UL station drainage networks immediately

inections. They are used to prevent the ingress




of foul air into the station drainage network and the transportation of greasy compounds

into the local authority sewer.

To develop the interceptor trap boundary ¢ondition, flow depth measurements, utilising
the experimental test rig shown in Figure 6, were taken at a variety of discharges and
pipe slopes. The presence of the interceptor trap was seen 1o result in a region of
subcritical flow at the trap inlet, the transition from normal, supercritical flow being via
a hydraulic jump and a backwater profile. Analysis of the experimental data yielded an
equation, relating the flow depth at the trap inlet (h)) to the flow critical depth (h.), of
the form :

ho=K +Kh +Kh +Kh,

where K, K, K; and K, are experimentally determined coefficients.

(19)

The model utilises the flow depth calculated from equation (19) in conjunction with
standard rapidly varied flow theory to det rmine the position of the upstream hydraulic
jump. Gradually varied flow theory is the used to determine the backwater profile.

Flow depth measurements downstream cpnfirmed that the flow depth at the trap exit
could be assumed to be the critical flow depth.

Pump Delivery to Gravity Drain Boundary Condition

As a consequence of the operating chardcteristics of LUL station drainage networks,
where large quantities of water collect irf low level collection sumps, the arrangement
whereby pump delivery lines discharge info pravity drains is very commeon.

To develop the required boundary condition, flow depth measurements, utilising the
experimental test rig shown in Figurg 7, were taken at a variety of discharge
combinations and pipe slopes, and for five different junction configurations (90° in-line
top entry, 45° in-line top entry, 45° perpendicular top entry, 90° level entry and 45°
level entry). The combining flows were seen to result in a region of forced subcritical

flow in the gravity drain immediately

normal, supercritical flow being via a hyg
of the experimental data yielded an equat]

critical depth of the gravity drain flow
gravity and pump flow (h..), of the form :
b
(, --hgr)\l B (. -n.)
h he

s

where a and b are experimentally de
configuration.

The model utilises the flow depth calcy
standard rapidly varied flow theory to de
jump. Gradually varied flow theory 1s the

Flow depth measurements downstream g
be assumed to be the eritical flow depth d

pstream of the junction, the transition from
iraulic jump and a backwater profile. Analysis
on, relating the depth at the junction (h;) to the
(hge) and the critical depth of the combined

(20)

ermined coefficients dependent on junction

lated from equation (20) in conjunction with
termine the position of the upstream hydraulic
n used to determine the backwater profile:

f the junctions confirmed that the depth could
f the combined gravity and pump discharges.




VALIDATION OF DRAINAGE MODEL

In order to validate the model, site tests| were carried out on the drainage networks
installed in the Central Line upper maching chamber area of Bank Underground Station.
These networks, a schematic of one of whith is shown in Figure 8, were selected as they
were considered representative of LUL station drainage networks in general and because
the exposed pipework greatly simplified installation of the monitoring equipment.

System Instrumentation and Test Meth ds

The data acquisition system used to monitor the mechanical vent system installed at
Green Park Underground Station was alsq used to monitor the flow conditions at Bank
Underground Station. The only differencg was that the transducers, instead of being
used to measure pipe air pressures, were used to measure the pressure variations within
an air buffer located in the tubes connecting the pipe inverts to the transducer ports. Pre-
determined calibration coefficients were then used to convert the measured air pressures
into flow depth values.

To enable a wide variety of both steady jnd unsteady conditions te be monitored in a
short time, events were artificially initiated.

Comparison of Measured and Predicte Flow Conditions

In general, the flow depths predicted by the mathematical model compared very well to
those measured on site. The minor differences that did occur were due to inaccuracies in
the appliance/pump discharge data used in the model, which had to be estimated.

An example of the agreement obtained isgiven in Figure 9, which shows the measured
and predicted variation in flow depth with pump operation. As shown, the model
accurately predicts the sudden increase| in flow depth as the pump starts up, the
stabilisation of flow depth as the pump réaches its normal operating discharge and the
gradual decrease in flow depth as the pump stops.

CONCLUSIONS

Previous work at Heriot-Watt University has led to the development of computer based
numerical models capable of simulating the operation of multi-storey building drainage
networks and their associated vent systems. This paper has described the development
of the additional boundary conditions and model subroutine required to accurately
simulate the operation of the drainage ni:vmks and mechanical vent systems installed
within London Underground stations.

In the case of the vent model, boundary conditions have been developed to allow
accurate representation of mechanical fans, which drive London Underground station
vent systems, pump sumps, holding tanks and appliance discharges to pump sumps,
holding tanks and manholes. In additjon, a flow balancing subroutine has been
incorporated into the vent model to enable the effect of flow regulating valves to be
simulated. The model developed, having|been validated against data obtained from site
tests, is now suitable for use as an aid {o the design of London Underground station
mechanical vent systems.




accurate representation of interceptor traps and pump delivery lines discharging into
gravity drains. The model developed, having been validated against data obtained from
site tests, is now suitable for use as an aid fio the design of London Underground station
drainage networks.

In the case of the drainage model, bnund{—y conditions have been developed to allow
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The transient flow conditions within a building drainage system may be simulated by
the numerical solution of the defining equations of momentum and continuity,
coupled to a knowledge of the boundary econditions representing either appliances
discharging to the network or particular network terminations. While the fundamental
mathematics has long been available, it is the availability of fast, affordable and
accessible computing that has allowed the development of the simulations presented
in this paper.

A drainage system model for unsteady partially filled pipeflow will be presented. This
model is capable of predicting flow depth and rate, and solid velocity, throughout a
complex network. The ability of such models to assist in the decision making and
design processes will be shown, particularly in such areas as appliance design and
water conservation.

UNSTEADY FLOW ANALYSIS IN BUILDING DRAINAGE SYSTEMS

The water flows within a building drainage network as a result of appliance discharge
are inherently unsteady. The local flow at any point in the network is determined by
the usage pattern of the appliances, and the attenuation imposed upon any discharge
during its passage through the network. While the unsteady nature of such flows was
always appreciated (Hunter, 1940), it was not practical to address the numerical
simulation of such flow conditions until the advent of modern digital computing.
Therefore, in order to design building drainage systems to effectively remove waste
water and solids, a series of quasi-steady flow and probability based techniques were
developed in the 1940s, and these remain the basis for drainage design up to the
present time. Such design methods are based on a range of empirical data, much of
which is now outmoded due to fundamental changes in the usage pattern of
appliances, changes and innovations in appliance design and the introduction of the
new design criteria, particularly those concerned with water conservation.

In order to allow system design, these methodologies have become the basis of
prescriptive design codes. Due to the empirical nature of the basic data utilised to
develop these design codes, the current situation is that each national code may be
viewed as an attempt to describe, based on empirical and steady flow concepts, the
fundamental underlving unsteady flow fluid mechanics that defines drainage system
operation.




The introduction of water conservation raises design issues not necessarily covered by
the steady state empirical data used to generate current design guides. Rapid changes
in the water consumption of appliances, water conservation and future metering and
costing strategies require that improved modelling methods be developed. This would
ensure that systems are not over-designed, thus avoiding the enhanced likelihood of
solid deposition and maintenance costs.

The term ‘unsteady’ has an accepted definition that, at any location in the pipe
network, the flow rate and depth will vary with time. This clearly applies to building
drainage systems fed by a random selection of appliance discharges.

An appliance discharge generates a wave that propagates down the drain towards 1ts
termination at a vertical stack or at a junction with other pipes, which may naturally
be carrying their own discharges. In these waves, the deeper zones tend to move
faster than the shallower, effectively redistributing the water mass in the wave
forward, steepening the leading edge and spreading the tail of the wave. Friction
reduces the range of flow velocities along the wave, so that not all waves ‘break’. The
wave attenuates, lowering the peak flow depth and rate as the wave moves through the
network, and increasing the flow duration at any location. These effects, which
canniot be predicted by the current design methods, provided the impetus for the
development of the simulations presented.

The degree of attenuation experienced by any appliance discharge is dependent upon
pipe diameter, roughness and slope, the shape of the initial flow vs time profile and
the baseflow over which it must pass, Figure 1. The driving force for attenuation is
the difference in depth and velocity within the wave itself; these differences decrease
due to attenuation thus reducing the tendency to further attenuation. Far downstream,
the wave becomes ‘almost’ a steady flow; the summation of many such attenuated
waves leads 1o conditions that approximate to steady free surface flows.

While the flow conditions within building drainage systems may appear at first sight
to be complex, they belong to a well understood category of unsteady flows within the
wider field of fluid mechanics. The necessary solution techniques have been available
for some time, awaiting the arrival of reliable, fast computing. The research required
to allow the development of drainage simulation models has been summarised by
Swaffield and Galowin (1992). Such simulations allow the local flow conditions in a
drainage network to be predicted. These flow conditions are governed by the usage
pattern of the connected appliances, the form of individual appliance discharge
profiles and the design of the drainage network.

THE MODELLING OF UNSTEADY FLOW CONDITIONS

The water flows within building drainage systems belong to a family of unsteady
flows described by the full equations of continuity and momentum. The solution of
these equations was first investigated by d’Alembert in the 1750s. The defining
equations are quasi-linear hyperbolic partial differential equations whose numerical
solution is made possible by use of the method of characteristics (Lister, 1960).




Free surface wave propagation in unsteady flows
The equations of continuity and motion defining transient flow conditions may be
combined using the method of characteristics into a pair of total differential equations
in flow depth, h. and flow velocity, V, suitable for finite difference treatment -
dv _ gdn
dt  codt
provided that

+g(5-5,)=0 (1

I'.Iﬁ-

el 2

= c (2)
where the wave speed, ¢, is defined in terms of the flow area, 4, and the surface width,

T, as

c=lgd/T (3)

and S and S, are the friction and pipe slopes respectively (Swaffield and Galowin,
1992). !

The finite difference expressions given in equation (1) only exist if the dx/dt
relationship given in equation (2) is adhered to, this being the Courant criterion which
links simulation time step to internodal lengths. The Courant criterion depends upon
flow velocity and wave speed; for free surface flows these are comparable, commonly
less than 5m/s. Equation 2 defines lines, known as characteristics, drawn in the x-t
plane. These characteristic lines may be thought of as the mode of communication of
information from one location in the flow at the current time step te another location
one time step in the future.

As a result of a co-ordinated research programme at Heriot-Watt University, funded
both by SERC (now EPSRC) from 1983-1998 and the US Department of Commerce
National Institute of Standards and Technology from 1981-1987, suitable simulations
have now been developed and are described below. These computing models are
capable of predicting the flow rate and depth at any time within a multi-level building
drainage network subjected to user-defined appliance discharge pattems.

At the boundaries to any drain only one characteristic can exist and the boundary must
be defined by an equation linking flow depth to flow rate and/or time. Boundaries
now developed for these simulations include:

e w.c. discharge to a drain;
« pipe junctions, including displaced hydraulic jumps;

s entry to vertical stacks;

e the transformation of the stack annular flow back into free surface flow at
entry to the lowest level collection drain;

« solid transport within a pipe network.

The model is also capable of representing the effects of slope, both accurate and
defective, and joint obstructions on both wave attenuation and solid transport. The




solid transport model is a “velocity decrement’ scheme and has been extended to cover
solid diameter, mass and specific gravity, as illustrated in Figure 2 (Swaffield and
MecDougall, 1996).

THE DRAINAGE SIMULATION MODEL

The numerical model described above, based on the method of characteristics, has
been developed with a user-friendly graphical interface for use under Windows on
PCs. The model is capable of representing unsteady flow within building drainage
networks, including the possibility of multiple appliance diacharges 1o a network and
multi-level building configurations. It accurately simulates the attenuation of
appliance discharges through complex networks and also includes the wvalidated
representation of the transport and deposition of solids within such attenuating flows.
The relationship between the solid parameters of mass, diameter and specific gravity,
the pipe parameters of slope, diameter and roughness, and junction characteristics are
accommodated by basing the solid transport model on a velocity decrement approach
where the solid velocity is determined from the locally predicted flow velocity. The
numerical solutions are effectively driven by the discharge profiles of the various
appliances connected to the network and a user-defined pattern for such appliances.
The appliance discharge profiles are empirical, the remainder of the simulation 15
based on a full solution of the unsteady wave equations.

Figure 3 illustrates the application of the model to a bank of five 6-litre w.c.s
connected to a single drain line. All pipes are of length 2 metres, diameter 100mm,
slope 0.01 (1:100) and are of coated cast iron, and all five w.c.s operate at time zero in
the simulation. The embedded graph shows the combined flow rate against time at
the downstream end of the system.

Figure 4 shows the model being used to simulate a single 6-litre w.c. connected to a
40 metre long, 100mm diameter coated cast iron pipe at a slope of 0.01. The w..
operates three times at 25 second intervals, starting at time zero in the sinulation.
The embedded graph shows the velocity of a solid, initially discharged 2.5 seconds
into the first flush, as it is deposited and then re-transported by the subsequent flushes.

The third simulation, shown in Figure 35, shows a three-level network, each level
having a bath, basin and w.c. The w.c.s are all flushed at time zero in the simulation,
the basins are emptied 20 seconds later, and the baths have been assumed not to be
emptied during the simulation. The embedded graph shows the combined flow rate
against time at the base of the stack.

MODEL APPLICATIONS

The model has a wide range of applications, which include drainage design, code
formulation, water conservation proposal assessment, reduction of drainage
maintenance costs and w.c. design to meet solid deposition criteria.

Building drainage design and national codes. The first area where this simulation
would be applicable is in assessing current code recommendations for the design of
drainage networks for a range of building types, particularly in the areas of pipe sizing
and water conservation. The use of this simulation would also allow the assessment
of the contribution of a particular building type to the drainage network outwith the




building boundary. This is equivalent to reducing the building to an ‘effective
appliance’ loading the network with a predicted flow-time profile. Changes in pipe
sizing suggested by such modelling would affect drainage design codes.

Water conservation. The use of the model to re-assess building drainage codes as
described above would naturally lead to the inclusion of water conservation as a
parameter in the simulation.

Maintenance costs. By balancing pipe size reductions against water conservation
proposals, and by utilising the solid transport simulation, it will be possible to use the
model to assess the effects on drainage maintenance within the building.

W.c. design. The obvious corollary to the water conservation case above is that w.c.
design guidance could be derived from the application of the solid transport model /
water conservation assessment to the determination of w.c. discharge profiles likely to
give acceptable transport performance. ' This could lead to system designer
specification of w.c. discharge profile necessary for any particular type of installation.

Figure 6 shows the model being used to determine the effect on solid transport of
changing the w.c. profile. These simulations are similar to those shown in Figure 4
and described above.

The two upper simulations show a w.c. with a flush volume of 6 litres discharging
into a 40 metre long, 100mm diameter coated cast iron pipe at a slope of 1:100 (0.01).
The w.c. on the left has a gravity cistern with a flush duration of 6 seconds and a peak
flow rate of 1.2 litres/second, while that on the right has a pressure cistern with a flush
duration of 3 seconds and a peak flow rate of 4 litres/second. In each case, the solid is
discharged when the flow rate from the w.c. reaches a level of 1 litre/second. It can be
clearly seen that the peak solid velocity on the first flush is much higher for the
pressure cistern than for the gravity cistern, while the reverse is true for subsequent
flushes. This is due to the much more rapid attenuation of a pressure cistern because
of its “peaky’ nature, i.e. its lack of a plateau which is a feature of a gravity cistern.

The twa lower simulations are similar to the previous two, but the w.c.s have a flush
volume of 3 litres, and the pipe has been changed to 75 mm diameter at a slope of
1:50 (0.02). The peak solid velocities are higher than with a 6 litre flush volume and a
100mm diameter pipe at 1:100.

The solid travel distances are summarised in the following Table:

Flush volume (litres) 6 3

Fipe diameter {(mm} 100 13

Pipe slope 0.01 0.02

Cistern type Graviry Pressure Gravity Pressure
Travel distance = flush | (m) 10.4 15.0 14.4 16.7
Travel distance - flush 2 {m) 4.1 2.0 79 5.8
Travel distance - flush 3 {m}) 3.3 1.6 7.2 5.5
Total travel distance (m) 17.8 18.6 29.5 28.0

Table 1. Travel distances for the simulations illustrated in Figure 6.

This table clearly illustrates the following:




|. Pressure cisterns are more effective on the first flush than gravity cisterns.

1=

The reverse applies to subsequent flushes, i.e., gravity cisterns are more
effective on subsequent flushes than pressure cistemns.

The travel distances for a 3 litre flush can be greater than for a 6 litre flush,
provided the pipework is re-designed to suit the lower flush volume. This
clearly illustrates that a large reduction in w.c. flush volume will not
necessarily cause solid transport problems.

'l_..JJ

From points (1) and (2) above, it can be inferred that high peak discharge cisterns
perform better than low peak discharge cisterns where the total travel distance to the
main sewer is relatively short, while the reverse is true where the travel distance is
preater.

Networks outwith the building boundary. Once the building has been established
as a ‘pseudo-appliance’ in terms of its discharge pattern, by application of the model
to assess the drainage flow attenuation and combination, it will be possible to apply
the model, in all the application areas defined above, to at least the smaller bore
drainage networks linking buildings on a particular site. The considerations of water
conservation, pipe sizing and solid transport would be carried into these studies and
could lead to recommendations for change in codes in this area, in addition to those
dealing with the in-building system.

CONCLUSIONS

This paper has outlined the application of numerical simulation technigues to the
design of both drainage systems and appliances. In doing so it has drawn on the
output of a concerted and planned research programme, whose objective was to
introduce soundly based fluid mechanics analysis techniques to the design of building
drainage systems. These proposals offer a new approach to the design and evaluation
of building drainage networks that emphasises a user-defined appliance usage profile
as the basic data required to drive the simulation. This is a departure from the
probability based approach previously employed in system design. It is stressed that
the current probability / steady flow design limits approach cannot by its very nature
address the problems solved by this paper.
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Abstract

In order to simulate actual water discharge of high-rise residential buildings,
systematic full scale model experiments were performed using 2 100m high experiment
tower. Preliminary experiments showed that high level of discharge entry leads not only
large peak negative pressure but also peak position being apart from the discharge floor,
which has not been observed in the 30m high tower experiments. In case of single-point
steady discharee, we assembled a full numerical prediction method of air pressure
distribution of drainage stack, which includes the prediction of peak negative pressure
and air flow rate in stack vent pipe. Furthermore, we propose a numerical prediction
method that can be applied to any discharge height in case of single-point discharge,
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1. Introduction

{1 Backeround

To ensure proper drainage, the gravity svstem without any encrgy supply is commenly used
in building all over the werld at present. and a trap with simple structure is also preferred because
of its casy climination of stench and vermin. A full volume discharge in the stack of the gravity
drainage svstem is prohibited to protect scal water inside a trap at the time of discharge. An
actual discharge may consist of water. air and/or solids. The encrgy of air flow rate is created by
air mixed with the falling water as well as the friction between air and the falling water.

On the other hand, hydraulic jump and other complex currents. which may cccur at the points
where water flows from a branch pipe into a drainage stack. or from a drainage stack into a
building drain pipe. make the cross-scctional area of air flow change greatly in a very shont
distance. Therefore the same kind of pressure loss occurs in these parts as in the seetions where
the size of pipes broadens or narrows abruptly. Some friction stress related to the veloeny
difference between water and air may also occur, but this operates mainly as the ventilation
resistance in the stack. In this way the intra-pipe currents of the gravity drainage svstem take the
form of complex stream that is greatly influenced by the force of gravity, making it difficult to
simulate a model experiment. For this reason. the analyvsis of current phenomena in high-rise
building is vet to be performed. In fact. designing of drainage svstems at present s mainly
performed by the calculation method based on experience.

As an overseas research on this topic, a steady discharge experiment had been conducted ina
32-floors high building by Dr. Pink in U.S.A.. One of the most important conclusions of Dr.




Pink’'s rescarclhi™ is that the air flow rate in the stack vent pipe increases in according to the height
of water dischargze floor, That is to say the water discharge height is an important factor in
cstablishing a prediction method of air pressure distribution of dramage stack svstem.

In Japan, a discharge cxperiment using a 30m high cxperimental tower (equivalent to 10-
story building) was conducted by Ohtsuka ct al®™, and a prediction method of air pressure
distribution of drainage stack was proposed. In this study, application to high-rise building was
considered and the results were compared with those of Pink’s. However, a systomatic full scale
experiment simulating the drainage system of ligh-rise building was not performed then.

Conccrming this topic, authors of this paper obtained a chance of using a 100m high
cxperiment tower to simulate actual water discharge of high-risc residential buildings. This paper
presents new information revealed through our experiment, and outlines a new prediction mode!
of air pressure distribution of drainage stack applicable to high-rise building,

In order to simulate and verify a complex current phenomenon of drainage system at any
given heigh such as in a lugh-rise building, we simplified our model to meet the following
condition:

1.) The kind of drainage svstem used is stack vent svstent.

2.) Only single-point steady discharge from one branch pipe connected to the drainage stack is
considered.

3.) Only water and air are included in discharge, no solids and detergent 15 used,

The fundamental principles below were established to facilitate a modcl-making of the
observed phenomenon:

1.} Ounly values such as avéraee air veloeity are considered, The simulation of actual air and
water flow 15 not performed.

2.) The pressure loss at the points where water flows from a branch pipe into a drainage stack, or
from a drainage stack into a building drain pipe arc rcgarded as similar to the resistance due
to the changes in the shape of ducts.

3.} The cncrey of air currcnt 1n stack 1s considered mamly to be caused by the friction stress duc
to the difference in velocity between water and air; the effect of air mixed with the falling

watcr is thought to be minmal.

{2  [Relarion to Former Research

The first rescarch conceming the current phenomenon of gravity drainage svstcm was
conducted by R.B. Hunter"” in 1940°s. For the lack of appropriate equipment, however, his work
is limited to qualitative considerations. Even at the CIB W-62 scminar, which is the only
intcrmational svmposium held cvery ycar at present, very fow studics prescnted arc dealt
guantitatively and analyvtically. As for experimental design, R.J, Pink’s was the only one which
utilized a 100m tower,

In reeent papers published in Japan, Dr. Ohtsuka, Nezime, ct al. proposcd a prediction
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method of air pressure distribution of drainage stack. Although several attempts had been made
by Olwsuka to apphy the mcthod to the case of ligh-rise building, his studies arc bascd on the
experimental data obtained from a 30m tower, and full attention 1s not given to the phenomena

peculiar to higlh-rise buildings.
In this study, we deal with the current phenomenon of gravity drainage svstem of lugh-rise

residential buildings utilizing a full scale experimental facility to simulate the various factors
mvolved in the phenomenon, We also make models for cach factor and attempt to construct a
prediction method applicable to a dramage stack at any height.

2 . Experiment and Elementary Results™"

2.1 Abstract of Experiment and Procedures

To simulate high-risc and middle-high residential buildings, we used the 108m high
experiment tower which belongs to the Rescarch Institute of the Housing and Urban Development
Cormporation in Hachigji and a 30m high cxperiment tower which belongs to the Meiji University
and performed various water discharge cxperiment. Fig. 2.1 shows the Iavout and view of the

103m high experiment tower, and Fig. 2.2 shows the drammage system and the device of

experiment in the tower (108m ),

e ; e
N T
%05 R
et R
4 J%“*’:_ 2
- I-‘»a 1 E "
7 %)%« —
S g
D
> PO I8
=1 G —

Fip. 2.1 Lavout and view of the 108m high experiment tower




-I Suction noezle (posttion ol orilice below nowsle)

Hot wire anc | ifiee |
¢ AnclMEme :@ @ @ @Or:htu mn Ly

= a4y &
KE 1 ¢ 30mm @& 35mm & 40mm & ASmm 5 E0mm

Insehiarpe loor
Pusitinn ol sensur A ff_\l I/._h\ m @ Crilice in buase
i S NoA S
= a5F 12 213 3/4 473 516
Dascharge [owr

_l"—_—".
i‘ Susaial .l l Chine breand i [ "Iwo beiuls }
—r | ————

Pesilion of sensor

= 17F
Disclarpe [loor

s Posilion of scnsor
Paritien of sensor

5.-./ /Driﬁas

Im /1D

== OF
Dhseharge 11
e

Positien of arifice

i pras 1
i i
t Basc of stack (D zone) !

eeeppepleperppeekeppereprkrperpppFle
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The diameter of stack pipe was ¢ 100mm (using JIS-DT joint), the building drain pipc was
¢ 125mm, and the horizontal fixturc draim branch (branch pipe}) was ¢ 73mm. The
measurcment of air pressurc was made by using a small diffuse semiconductor of air pressure
transductor, 335 points werc measured in cach branch pipe, and 2 points were measured in the
building drain pipe. Assuming that the air flow in the pipe has a normal distribution, air flow
velocity was measured by a hot wire anemometer in the central position of ventilation stack, and
translated to air flow rate (Qa). The conditions of the cxperiment is shown in Table 2.1,

Table 2.1 Experiment condition of high-risc tower

Building dram pipe Condition of onfice Cscharge floor Flow rales
Straigh Mo aalice J4F 1.0(1/5)
Orifics in top 30.35.40.45.50 mm 25 F 2.0(1/s)
Orifice in base 1/2,2/3,314,4/5. 506 17F 3.0(1/s)
_ oF 4.001s)
One bend Mo orifice
Twao bends Mo orilice

The building drain pipes were prepared as follows: straight, onc bend, two bends, and
straight with orifices of five different sizes (1/2, 2/3, 3/, 4/3, 3/6 of pipc’s scctional arca)
inserted. Orifices of five different sizes (with the diameter of 30, 33, 40, 43, 30mm) were also
mserted in stack vent pipe to change air resistance.

The following Fig. 2.3 shows the deviee of a middle-high (30m) cxperiment tower. The
drainage system and cquipment were almost the same as for the high-rise experiment tower, but
only a straight building drain pipe was used. On the top of the stack vent pipe, a fan with

controllable running velocity was set. It is turned on when air flow rate needs to be increased, and




air flow rate can be decreased by adjusting the sucking damper. In this way, a wide range of air
flow rate was simulated.
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Fig. 2.3 Device of middic-high experiment towcer

22 Elementary Experiment Results
1).  Cendition of High-rise {108m) Tower

Fig. 2.4 and Fig. 2.5 show the clementary results of air pressure distribution in drainage
stack which were measured without orifice. Fig. 2.4 shows the air pressure distribution when
single-point steady discharge was made from the floors 9F, 17F, 25F, and 34F. Fig. 2.5 shows
the results when flow rate was varied in the range of 1.0 ~ 4.0 I/s.

These figurcs clearly indicate that the larger peak negative air pressurc was observed in the
high-rise sctting than n the middie-high experimental tower (30m). Futhermore, the distance
between the discharge floor and the positions where the peak negative pressurc was observed
tends to increase as the discharee floor gots higher. This has not been observed in the 30m tower,
gither, On the other hand, if we insert the orifice to deerease the air flow rate, we find the
tendency that the peak neeative air pressure position approachs to the water discharge floor. The

results with the orifice inserted arc shown in Fig. 2.6 and Fig. 2.7.

2).  Condition of middlc-high (30m) Tower

Fig. 2.8 shows the experimental results with different water flow rates of 1.0 Ifs to 4.0 I/s
using a nuddle-high (30m) experiment tower. The other results that were enforeed to adjust the
air flow rate by using a fan on the top of stack vent pipe are shown in Fig. 2.9. The observation
of these fipures brings us to the sccond point that the constant pressure gradient at final stack
length is very closely related to the air flow rate, which corresponds with the results of former

rescarch.
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3. Principle of Prediction Medel'™'™

I order to study and madifv the air pressure distribution which occurs in the draimage stack.
we divided the prefile of drainage stack into four zones. as shows in the following diagram (Fig,
3l

Negative pressure  Positive pressure - |

: i “Wentilation stack [ L
| Sep Aone
Fit L) Pl o | | - with no water [ i

—.; g —_—— ' 3 - p———
| ;i"l Al
T ]
B e | ) i ?J (Indet af discharge.
I:I:_ﬁ-l'l.'lbif; s VIl saccelerating range B zane
L b EdE
Almospherne b R
prossurc
FL 4
H T ks
Discharpe . S S ‘ :
heigin C ' ! Falling water witl
3 sconstant velocily C zone
b -,
Mepative prossurc D e
"‘;“‘ ‘ } | Main honizomal pipc = D zone
= = ———=="/ ydraulic range =

- -

Positive pressure Druainave stack
Fig. 3.1 Profile of air pressure distribution zones in drainage stack

We defined these zones of drainage stack as the following; A zonc is from the top of the
ventilation stack o the discharge floor, and there is onlv air flow, B zone is from the branch pipe
to the point where air pressure recovered afier it reached its negative peak and discharged water
operated as ventilation resistance. The vertical distance between the branch pipe and this point is
defined as L. C zone is from the lower position of B zone to the base of the drainage stack, and
here the air flow is caused by the falling water and the constant pressure gradient occured in this

range. And D zonc is the arca of the building drain pipe which hvdraulic jump and air flow

resistant oecured,

3.1 Formulaof Py, Ps. Pp
1), Azonc

A zone consists only of air flow in pipe, therefore, as in the research of Dr. Ohltsuka, we can
deal the phenomenon of this range as a gencral duct. and use the following formula (1) to

calculate the air pressurc P, of A zone,

Pu%x{?—}uf"ﬂ.z ........................... iR (1
1g

=1




Fig. 3.2 shows the change of resistant coefficient £ 1 in the stack vent pipe i the range
above the water discharge floor. This diagram indicates that the length of a dramage stack 15
roughly proportional to the function of the resistant cocfficient & ». In this study. we used the
regression line in Fig. 3.2 to calculate the drag cocfficient £ , and air pressure distribution i the
stack vent pipe.

2). H:zone

Conceming B zone, we at first regarded that above-mentigned fonnula (1) appropriate, and
the drag cocfficient £ u is independent of air flow rate, being only the function of water flow
discharge. Fig. 3.3 shows the relations between air pressure Pg of - B zone and square of air flow
rate (Qa*), and we find that Qa” is almost proportional to Py.

However as shown in Fig. 3.4, we checked the same relation in both logarithm axes, and
found that Qa” is not cxactly the function of Py. Furthenmore, Fig. 3.5 which shows the relation
between the drag coefficient & p and air flow ratc Qa indicates that althrough there is a fow
disparitics, the drag cocfficient £ p decreascs as the air flow rate Qa increases. At this point, we
regarded the air flow rate Qa as the function of the drag cocfficient £ o which was used in above
formula (1) as Ohtsuka ct al. did.

The reasons for the disparitics of the drag cocfficient £ p were considered below. First, &y
was calculated by the measurement valves of Qa and Py, thus the error of measurement would
influence the result of caleulation due to the expression of (Pp/Qa™), and sccond. that the peak
negative pressure did not occur cxactly on the same floor on which the measurcment was made.
In order to express the £ by the function of Qa, we used approximation of the regression
cquation in Fig. 3.6 to cstimate  § g by Qa. Futhennore, we tricd to usc the regression equation i
the case where air flow rate is very small, however, further experimental data need to be collected
on this mattcr.

3). Dzone

Owing to the hydraulic jump in the building drain pipe, D zone shows the same phenomenon
of air resistance as in A zone. Here, we also regarded that the formula (1) appropriate, and if we
plot the data of cxperiments as in Fig. 3.7, the diagram tells us that the drag cocfficient £ p of D
zone in some conditions of main horzontal pipe is only related to water flow discharge. As the

result, we confirmed that € p is independent of air flow rate, and we also used the formula (1) to

calculate the air pressure P of D zone in the present paper.
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3.2 Formula of Constant Pressure Gradient of C Zone
Conceming e constant pressure gradient of C zone, we considered the mutual operation
between water and air in the drainage stack as sketched in Fig 3.8 to cxpress the caleulation

model. Fig. 3.8 shows a model clement & H which is a profile of short period of drainage stack.

Upper pressurc: Fiff,,.r Seccuion arca of air flow rale: A

| —

Contact length between water and air: §

-

Averape valoe ol
air Nlow veloein: U

={— Velocity of falling water contacting 1o air: V

AP=Pl=-pa2
Lower pressure: P

Mote : In spite o the assumption of snnular Mow in this model, we used the revised non-annular
flow Lo practice the actual enleulution,

Fig. 3.8 Profilc the constant pressure gradient in C zone

As the diagram indicates. if we consider the vertical balance of stress, the interface of water
and air bears the friction stress caused by the velocity difference between V of falling water and
U of average air flow. By the same friction stress, the air flow bears the descending stress, and at
the same time, the falling water bears the ascending stress which is caused by air flow. However
the specific weight ratio between water and air is about | 1000, and the influence of air flow to
falling water could be ignored in some range of air flow ratc.

Therefore, we assumed that the cross-scctional area of air flow rate A, the contact length
between water and air S, and the velocity of falling water which contact the air flow V are all
independent of air flow rate Qa in the present paper. Here we did not deal with the detal] of the
propertics which occurs in the drainage stack, thus we regarded V as a representive velocity
which is in the contact facc between water and air. To take into consideration the influence of
falling water on air flow, we regard ¢ as the friction stress per contact arca, and S as the
average contact length, then the friction stress of air flow is  © § A H in the model clement,

On the other hand, for a continuing property in drainage stack. air flow rate is constant, and
the force mentioned above acts on the foree which is caused by the balance of pressure difference
in the range of model element. Here we regard the cross-sectional arca of air flow rate in pipc as
A, the pressure of upper part and lower part as P, and Pa, thus it could be expressed as (P - Pa)A,

That is to say we get the balance equation of force as following:

SAH = (B =P ) =aPe 4 (2)
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£
If we change the form of dageation (2), we pet another equation as below:

That is the constant pressure gradient is relative to contact length, cross-sectional arca of air

flow, and friction stress, According to the above function, it is natural o consider that the friction
stress = could be expressed by product of the dynamic pressure which is caused by the relatve

-

veloeity between air and water and the friction coefficient g, thus we assumed the cquation

below;

Strickly speaking ¢ in cquation (4) is the function of rouglness and relative velocity V-U,

which is expressed by Reynolds number, and postulated from the analogy of the flow in the
drainage stack, The roughness on the imerface of falling water is very large as far as the amount
of water is sufficient, and as a general rule Revnolds number is very larpe, therefore, ¢ s
actually regarded as constant. Accordingly, let ug substitute equation (3) for equation (4), then

we get the following cquation.

Equation (3) indicates that, if the average velocity of air flow is cqual to the falling water
flow, the constant pressure gradient will be zero, Later, we will use this explanation to calculate
the velocity of falling water flow. Here we regarded the air flow rate as Qa, the cross-sectional

arca of air flow as A, and we et the equation (6) below:

Next, we could change the farm of equation (8) to equation (7 )as below,

aF 5 L I BRSSPSR
o R o
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Furthenmore, we used the parameter of o and [ defined below to replace the above

cquation,

Where parameters o, §  are the function of water flow discharge, and are mdependent of

air flow rate as mentioned above, Then equation (7) will take the form as following:

¥ (10)

Therefore, if we could decide the parameters « . B of cvery discharge of water flow rate
from cxperiments, then it is possible to conneet the constant pressure pradient with air flow rate.
Finally, we used the equation (11) to verifv the result of experiment data per liter of water flow
ratc.

far

1,'}!‘?-0.“5—@‘) ....................... {11}

We use the constant pressure gradicnt as based on the length L in the present paper. and we
calculated the constant pressure gradient by connecting point C and point D in Fig, 3.1 with a
straight line.

The relation between the squarc root of constant pressure gradient and the air flow rate is
shown in Fig. 3.9 and Fig. 3.10. Fig 3.9 shows the data of the middle-high (30m} cxperimental
tower, and the data of the former rescarch of Dr, Ohtsuka were ploted in the same diagram, Fig
3.10 shows the data of the high-rise {108m) cxperimental tower. Let us take notice that the data
of the present and former rescarch have the same disparity range as shown m Fig 3.9, This
diagram tells us that therc is no great influence on the data duc to different measurcment
equipment, in other words, the data of the present paper can be pencralized.

In the measurcment of the middle-high experiment tower, we performed a large ranpge of air
flow rates {about 0~0.03 m’fs) by using orifice and fan, As a result, the data of air flow rate
using a high-rise tower shown in Fig 3.10 have the same tendency as the data shown in Fig 3.91n
range from 0.02 m’/s to 0.03 m’/s, It indicates the possibility that we could simulate the constant
pressure gradicnt in a high-rise tower by using the data of middle-high tower. Actually, when we
ploted the data of the high-rise tower and middle-high tower together, they seem correspondently

as shown in Fig 3.11.
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Comparing of the data of high-rise tower and middle-high tower. we find that the squarc root
of pressure gradient at the discharge flow rate of 2.0 liter per sccond or less declines constantly.
roughly in accordance with the increase in air flow rate. However, in the same condition the
dechine in the pressure gradient is more gradual when flow rate is 3.0 liters per sccond or maore.
The reason for this is that the velocity of falling water is influcnced by the change in air flow rate.
In the prediction medel in the present paper, we used the approximation of regression straight fine
from Fig 3.11 and the parameters of a . 3 shown in table 3.1 and Fig 3.12 to caleulate the
constant pressure gradicnt.

This brings us to another point, According ta the equation (11} and diagram above-mentioned.
we could pet the value of parameter #  from the intersection of congression straight line and the
axis of air flow rate Qa. As the definition of equation (9), 3 15 the product of cross-sectional
arca of the air flow rate A and the representative veloeity of falling water V in the contact surface
with air flow.

If we assumc that the representative velocity Vois near to the averape velocity of falling water
V.., then the eross-sectional area of air flow rate could be expressed as equation (12), and table

3.1 shows the results of caleulation which is in accordance with the relation mentioned above,

-'[-,'EP-Q"--”F .............................. O OO T “2]

Table 3.1 Experimental constant ¢, ## and presumption velocity of falling water

Water flow rates  |Experimental  [Experumental  [Presumption velocity of]
(I/s) constant « constant 3 falling water V(m/s)

1.0 42,60 0.043 5.61

20 31293 0.062 815

3.0 63.54 0.06% 9.17

4.0 75.09 0.073 9.81

However, we must be carcful about the result of the caleulation since the assumptions on
which the calculation is based is not known clearly. In the previous studics it was assumed that
the terminal velocity of drainage stack eould be determined from water flow rate of discharpe and
ratio chruss-scctiqual arca of water to cross-scctional area of stack, and the influence of air flow
ratc was ignaored.

However, according to the obscrvation of cxperiments of hich-risc tower which was
performed in this study, it is obvious that the generation of a great mount of air flow rate is
possible in high-risc buildings, and that may influence the terminal velocity of drainage stack as
mentioned above. Thercfore, as making a theorctical formula of velocity of falling water in
draimage stack in future studics, it is necessany to consider the influcnce of air flow rate on the

velocity of water in casc of high-risc buildings,
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4 . Prediction Method of Qa and Pressure Distribution

If we regard the actual water flow in drainage stack from point A to D as shown in Fig 3.1 as
a kind of operation fan, then the air flow rate in stack is an air flow phenomenon caused by the
sucking force of falling water. In this study, we used the air flow rate as a representative
paramcter of flow phenomenon in dramage stack, thus the loss of air pressurc in cvery zone of
dramage stack would be balanced by the pressure duc to the constant pressure gradient in stack,
and the prediction model is completed by doing a loop calculation at this balance condition.

14




4.0 The Prediction Method
According to the result of 2 mount of study, we find the relation between the air flow rate Qa
and parameter L which is shown in Fig. 4.1 The dingram indicates that L is the function of Qa.

I

and that is to say the B zone has a simular profile as if the condition of Qa is the same, Fig, 4.

Fad

| B

shows some cascs of experiment with a nearly Qa, and the arca covered with lines in Fig. 4.

indicate the sanie result as above-mentioned,

According to the regular relation between Qa and L, we can be certain that L is the function
of pressure Py , and the relation between L oand Pa is shown in Fig, 4.3 with loganthm axis,
Therefore, we find that LY is the function of Py regardless of the mount of water diseharged. At
this point, when we divide the resistant cocfficient £ g by LY we find that { £ g/L"") is morc
strickly relative to Qa shown in Fig. 4.4 than Fig. 3.6. That is to say ¢ g could be cxpressed by
the facter of (C/Qa’), Lere C is a constant according to the water flow discharge. Thus we get the

equation as below:

IR G o G i B S (13)

(C is a constant according to the water flow rates )
If we substitute cguation (13) for equation (1), then we pet a very simple cquation as

followinw;

{ C is a constant according to the water flow ratcs )

In other words, we could predict Py only by using the function of L*' . Accordingly, the
prediction of Pp becomes more accurate in practice by using the parameter L.

As a result of the above mentioned study, it is possible to predict the air pressure distribution
in drainage stack by the following process shown in Fig. 4.5 and Fig. 4.6, First of all, we have to
sct the discharge floor height FL, water flow rate Q.. , and the condition of the building dram pipe.
Sccondly, adequately to take an assumption of Qa, and use Fig. 3.6, Fig. 3.7, Fig. 3.13, equatien
(1) and cquation (11) to caleulate £ 5, Pp, L. Pp and constant pressure gradient, then we could
pct one pressure of A zone as Pay . On the other hand, using equation (1) with the assumption of
same valuc of Qa, we could obtain another pressure of A zone as P . Generally, Py could not be

equal to Pas , thus we revise the value of Qa, and do a loop calculation to the cnd until the
condition of |F‘Hﬂ - P,,| = & was matched, At the end of above loop caleulation, we could obtain

the exact air flow rate of Qa which is under this condition,

15
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4.2 Expansion of Prediction Mode!
The profile of air pressure distribution in a drainage stack is characteristic as mentioned in
paragraph 3,1, thercfore, as shownin Fig. 4.7 we expanded the model to develope the study of

prediction method.

Adr flow rale Qo 2
I'h AL D =
e L .é:*“' 5y ook = A zone
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Fig 4.7 Model of air pressure prediction method in drainage stack
In every zone of the stack, there is geometrical relation among these parameters shown in Fig.

4.7, thus we can express the constant pressurc gradient CB by the equation (13) as below;

AE hpmdm g e (15)
A FL=L FL=L
[N o= Pl P CH = AP A

Ch=

According to the conclusion of this study mentioned in paragraph 3.3, if we fix the value of
Qa. then Pu. L. CB will be obtained. That is to say PB/L and CB will be in proportion as shown

in Fig. 4.7 in the condition of the same Qa, and the function was expressed by cquation (16) as

below;

O LA (16D
cH

{K: Ratio of Pg/L and CB, CB is the constant of pressurc gradient)

The relation between constant K and Qa obtained as a result of the cxperiment is shown in
Fig. 4.8. This diagram indicates that the valuc of K is from 0 to 1, and if we exclude the extrome
condition, K will be a constant value about 0.4 in average. Concerning parameter L, there is a
definitive praperty, as if Pa=Pp=0, then L will be cqual to discharge heigh FL, on the contrary, if
P+ and Pp arc very large compared to Py, L will be near to 0. At this point we used the geometric
relation to express the dimensionless number of X(Po/P)) and Y(L/FL) as following;




o o JEBEL=L) s (umn
P P +CB[FL-L)

(N = Fal P Ch - AP [ AM)

Here we subsitute K above for equation (16). and we get the equation (18) as below:

£ ci{l-¥) (-1 (18)

P, Byecp(i-y) KeT+(1-1)
(V= Pol Pr, YmLIFL. CB=APIAHYLK =Byl (CB=L)

Al ml=Yalslel=X=]

The cquation (18) indicates that, if X is equal 1o 0, then Y will be 1, that is L is cqual to the
discharge heigh FL. On the contrary, if X is equal to 1, then Y will be 0.That has been verified by
the results of the experinient. Therefore, it is clear that dimensionless number of X and Y have
some dependent rolation,

Furthermore, duc to K is relative to dimensionless number of X and Y, the relation of K-Y
and K-X was shown in Fig. 4.2 and Fig. 4.10, and the regression ling would be expressed as

cquation (19) as below:

et (19)
1+1]

Herc we substitute cquation (19) for cquation (18}, then we get the cquation (20} as below:

e W oo SR g e s (20
KeP+-00 ¥ o0 ny
+1

{N =PolPr. V'=LIFL, K=F /(CB=L)

In the cquation (20), we expressed the function of X and Y as in Fig. 4.11 to show the
relation of the two dimensionless numbers, We ploted the data of the experiment to in Fig. 4.11,
and it i5 clear that the function of X and Y is comparable to the experiment as shown i Fig. 4.12.
According to the conclusion piven in paragraph 3.3 above, the ealculation method of parameter L
is derived from the function of Qa. The question is, if the prediction is beyond the scope of
experiment, then we can nat obtain the solution by the regression function reasonably.

Therefore, we used cquation (20) as the function for the prediction model. We found that the

prediction moedel will be satisfactorily applicable to any heigh of water discharge.
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4.3 Prediction of the Curve gf Air Pressure Distribution in B Zone

In this study, it is important to predict the peak negative pressurc in B zone as practicality.
and the peak negative pressure position is the crux of this prediction model,

Thercfore, it is nessany to predict the curve of air pressure distribution in B zone AL this peint.
we find the relation between dimensionless number of Pa/Pp (Py of cvery floor divided by Py in
peak negative pressure position) and Lo/L (distance from discharge position ta every floor divided
by L), and we ploted the data of experiment in Fig. 4.13. This diagram indicates that the pressure
distribution in B zane is almost similar, We divided the eurve into two parts in the point M which
is about 0.235L from the discharee floor.

However, here we must pay atention to the assumption the K is independent of Qa and it 15
not strickly satisfactory in extreme condictions as shown in Fig. 4.8. It may be worth to study this
mare deeply in the future. Anvway, according to the observation above, we offer a similar profile
ta predict the curve of air pressure distribution of B zone in general condition.

Fig. 4.14 shows the outline of the caleulation model from point A to paint €. Here we
regarded point M as a basc point of the profile, and the upper part from point M to A can be
cxpressed by the equation as below:

By the methed of lcast squares, we could obtain the value of n in cquation (21). and then
prediction formula of the upper part of profile is obtained.

Therefore, the equation of the lower part of the profile from point B to point C can be
satisfactorily applicable to four boundary conditions. We obtained a cubic equation to predict
this part of the profile. Using the above mentioned method, we can predict the curve of air

pressure distribution of B zonc from point A through pomt B to pomt C,

Upper part. © sl []'\fhﬂmd of least squares ]
curvie of eighth pawer ‘i ; e .
A N | Dinesionless distance fromt Ui
o position of peak nepative pressure

Bowundary condition
Crudient of ot B 2 0
Gradicnt of it C ° (B

Fig.4.14 Prediction method of air pressure distribution curve in B zone




L4 Prediction of Air Pressure Disteibution

Here we plot the profile of air pressure distribution in the results of both calculated value and
measurement data, Fig. 4.13 ~ Fig, 4.18 show the comparison profile in the high-rise building,
These figures indicate that the calculated results are comparable to the experiment. Furthermore,
we compared the calculated results with all kind of cxperiments in this study excluded the data of
very small air flow rate, and the comparison data are shown in Fig. 4.19~Fig. 4.24. In spitc of a
fow disparitics in the middle-high tower, as a total obscrvation of the comparation, this model can

satisfactorily to recapture the results of experiment.
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5. Conclusions
Concerning the study of air pressure distribution of drainage stack using JIS joint (DT joint)

when water discharee is up to 4.0 Ifs, in case of single-point steady water discharge, we reached

the following conclusions;

). Larger peak negative air pressure was obscrved in the high-rise buildings than in the midd|e-
high buildings using 30m high cxperimental towers.

2). The distance between the floor on which the peak negative pressure was observed and the
discharee floor increases in proportion to the inercase in air flow rate. This also has not been
obscrved in the 30m high experimental towers.

. P, can be cxpressed by a value obtained from multiplying the coefficient € 4 by the dynamic

Lk
L

pressure of air velocity. Pp is cxpressed likewise & p multiplicd by the dynamic pressure of
air velocity. Here & 4 is determined by the drainage system, and £ g is by the drainage
svstcm and watcr flow rate.

4). According to the prediction model postulated in this paper, the square root of constant
pressure gradient in € zone can be expressed in terms of a lincar equation of air flow rate. It
matches the results of the experiment fairly well.

5). The air pressure distribution of a drainage stack is a functien of Qa, and we offcred a similar
profile to predict the curve of air pressure distribution of B zone in general.

6). The prediction model of air pressure distribution of a drainage stack preseated in this paper is
satisfactorily applicable to any discharge height, which includs high-risc and middle-high

buildings.

Table of symbaols and Units
P ! Pressure in stack (nunAg) £ Drag cocflicicnl

P.: Pressurc of A zonc 5 a:Dragcoellicient of A zone

Pu: Pressure of B zone ¢ p: Drag cocMicient of B zone

Pp: Pressure of D zone & p: Drag coclTicicnt of D zone

v : Specific weight ol air £ Acceleration of gravity

V. Velocity ol air Mow in slack vent (nys) V.. Velocity of falling watcr (nu's)

Qa:Air llow rate in stack veol (ni’/s) A Section area of air fMlow rate (m”)

S: Contact length between water and air (n1) U: Average velocity of air in C zone(ny's)

V2 Velocity of [alling water coulacting lo air {ny's) £ @ Allowable crror in convergent condition
AH ¢ Length of model clement of stack (m) AP Pressure difference of in model clement{mmdaAg)
= : Friction slress (mimAg) ¢: Friction [aclor

L; Vertical ength of B zonz (m) FL: Discharge height (im)

e . [3:Experimental constant of the constant pressure gradient mode]
CE: The constant pressure gradicnt SPFAAH (mmAgim)
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Summary

In England and Wales there are estimated to be over BOD,000 cesspools, seplic tanks and
small sewage treatment works. Of these, the r:nc:st commeon are septic tanks, The outflow from
a septic tank is a low grade material, it has only been subject to settlement and some degree

of anaercbic digestion, and its disposal can mjeata contamination problems and pollution

leading to health risks.

An assessment of the soil into which the prope
test which determines if it is suitable. Such a
authorities including building inspectors. In 1
building control departments in England and |
information gathered there was no consistent
which percolation test specification should be

applied.

Trials, discussed in this paper, were conducte

ysed discharge will be made is by a percolation
ssessments may be required by relevant

895, BRE sought the views of local authority
Males on percolation tests. From the

approach. There was a diversity of opinion over

used and what tolerances on measurement were

d at a site in central England to compare

various percolation test procedures and specifications. The results from the tests performed

were very varied and often ambiguous.
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for septic tank drainage fields

Field trials of percolation tests
by J C Griggs BSc, J Hall BEng PhD and

1 Introduction

J J M Powell MSe CEng MICE

In England and Wales there are estimated to be over 800,000 cesspools, septic tanks and
small sewage treatment works. Of these, the most common are seplic tanks. The outflow from

|
a septic tank is a low grade material, it has only been subject to settlement and some degree

of anaerobic digestion, and its disposal can cr

leading to health risks.

eate contamination problems and pollution

A percolation test may be used to determine the suitability of the ground inta which effluent
is to be discharged. The percolation rate for septic tank discharges must be large enough to

allow the effluent to pass through without caus
to effect effluent cleansing and pollutant atter

processes.

ing ponding on the surface, but be low enough
uation by physical, chemical and biological

discharge from septic tanks by means of a percolation test. The percolation tests specified

There is a diversity of ground evaluation me‘Fnds that determine the suitability of soils for

vary considerably in their complexity, duration and ease of perferming.

In 1995, BRE sought the views of local autherity building control departments in England and
Wales on percolation tests. It was found that the application and test procedures for

|
percolation tests were not consistent amongst

with clearer procedures should be developed.

2 Current Percolation tests

Table 1 summarises the tests most commonly

the local authorities and, hence, a standard test

used in the UK and Ireland. Other countries are

known to have a variety of test methods and specifications.
TABLE 1
:utbllcat:un Publication name | Key points of test Test criteria or use of
e atey f::l 'rl"fn;:rﬂ' specification results from test
1052 B85 code of Dig trial pits and measure rate | The lestis used "Whara any doubt ewxists
UK practice CP 303 |at which water soaks away. as to the suitability of the ground...
Surface water Spacing of subsall dieins depandant on Thara ara ne 1est crilaria.
and subsoll soil classification and based upon War
Oflice publication 'Military Enginearing”
drﬂil‘lagE1 Vol 5.




ig72 BS code of Oig 300mm square hole For each second 1o fall 1mm a land asea
UK practice CP 302 |%00mm deap. Fill with water and of 8.5m? per parson Is raquired.
Small sewarage allaw to drain nvamr:ghl. MNaxt :Eia]r fill ta
treatment al least 250mm and| observe tima for
> waler to seep away complataly. Atter
works thrao tasts. calculate average water
laval drap in lime pel mm,
TEST 2
1973 BRE Digest 151 Eig ,_: Somm dia Ilmlu al 1 and Times up to 4800 2rl.'l.il'll.ltﬂla. and
3 m deap, use 300mm ol water, 2 ar areas up to 400m*= ars
UK SRARANDYS 3 limas 1o get averags tima 1o specified. The lime ablained. in
{now withdrawn) complataly drain minutes, is usad along with 4 graph of six
curves { ona for oach camatar of
TESTH soakaway Irem 1 to 3.5m, ) ploted
against (ho area to ba drainad. Guidanca
is givan on the salection of size of
soakaways, In soils with low parmeahility
it is suggested thal mullipta small
soakaways ane used.
1983 BS 6297 Design d0dmm squara hola 250mm Tha pearcalalion wvalus must ba
UK and installation deep below the |proposed invert | less then 140 seconds. For
of small sewage level of the land| drain { ar il values fram 140 Lo . 100secands
treatmant works daep, & 300mm dia hole may be used). undnrdra_lns_ ara desirable.
Fill with water and aliow to drain Guidanca is given on the construstion al
and cessponls4 avarnight, Mext day repeat and observe | soakaway pits in porous soil and
fime for waler to seep away complately. | subsurdace irrigation systams in less
TEST 3 Alter thres lasts, calculale average parous sails, The percolation walug
water lavel drap in fima par mm. cbiained is used in tha aguation
A = PxVx0.25
whara A = Roar area of drainaga tranch,
P = numbear of parsans and v is the
obiainad parcslation rate.
1985 BS B301 Code of | Relerrad ta Digast 151 and BS 6297
UK practica for lar spacilicalions
Building
Drainag&E
1881 Mational Site suitabilily |lest: Suitability tast:
Standards Dig ona {or twa holas) Tm X 1m X Thara shall be no more than 1m
Ireland Puitherty ot zm dasp. Fil hole fvith water, caver of water laft in the heals.
and [eava for at least 48 hrs. Maasura
reland  (NSAI} depih of watar laft ir] hola. There shall Fearcaolaliom tast
Standard be no mare than Tmof watar loft in tha T mu=t not be less than 5
Recommendation hale, saconds or greater than &0
(SR) € segonds. Valuss 1655 than 5 seconds
Septic tank Porcolalion tesf: may indicata & parcalation rate thal is
ystems Dig an least two holes approximately oo fast, possibly leading lo poliution of
ecommendations [ 0.3m X 0.3m X [al least 0.4m the groundwalar, Valuas graater than 30
or domestic deep. Score boliom|and sides wilh seconds may indicata a percolation rate
filuant blada af a kr.u'l'a_ Fili{ta a1 least 300mm {hal |5 oo siow, possibly la?l.dfflg 1a
reatment and until subsoil i swollen-and saturated. ponding of afltluent at the sie of tha
5 Recard the lima taken for ihe water percalation araa.
isposal from a level 1o drop 100mm, Divide by 4 1o
ingle dwelling ohtain time (T} for 25mm drop In lavel,
huﬁﬁl!ﬁ T must not ba lass than 5 saconds or
greater than &0 secpnds.
TEST 1 _

z Dig trial pit samse ddpth as full-sizad Design pracedura usas -0=5 whera [ =
2R BRE Digest 3& 57 sagakaway {normallyl 1.5 to 2.5m), 0.3 innuv?. O = outllow and S = required
UK (BRE Digest 151 |5 ym wide and 1 to 3 m long, slorage, I=AxR whera A = imparmaable

withdrawn) rimmed sguare, Fill|pit rapidly and area drained and A = rainfall and

aliow to drain 3 times on the sama or =axfxD where a = allactive area, =
TESTS congeculive days. Calculate infiltration | determined infiltration rate and D =

rate {} for watar 1o|fall from 75% io duration of starm.

23% of the pit's eflective storage

depin.
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15992 NHEC Standardsa F[Hﬂar.r\.ed :!: BRE Digest 131 test lor Times up to 4800 minutes and
LUK chaptar 5.3 spacifications argas up to 400mZ are
“Drai bel specitled. The time obiained, in
IEIHEEE clow minutes, is usad along with a graph of six
ground curves [ ona for sach diameter of
soakaway from 1 te 3.5m, ] plotted
TEST4 against the area 1o ba drained. Guidance
is givan on the salocion of size of
soakaways. In so0ils with Eow permaability
il is suggestad 1hal multigle small
soakaways arg used
Saptic tank [nstallations Sea raspedliva 105l above.
1833 NH B Slandardsg Simplilied varsien of unamanded BS
UK J:hap_ter 5.3 6297 tast
“Drainage below Surface water scakaways
ground” Ralarred to BAE Digast 151 tost ar
Digast 365 spaciligalions
This is the situation that currently exists in England and Wales. In other countries
percolation tests are performed for similar relasuns but are different to the current UK and

Irish test specifications and requirements,

The test procedure in Mational Standards Authority of Ireland (NSAl) Standard

Recommendation 6:1881 is very camprehens'.,we. It specifies a percolation test hole, similar
to that in BS 6297, but it is preceded by a !afge trial hole test to determine any effects

associated with the water table. It [s the only :test procedure examined in this study to specify

minimum percolation rates to ensure that cleansing of the effluent occurs.

3 Percolation tests proposed in other documents

The test in British Standard BS 6297 has beeh in use for twelve years (and in its amended

form for five of those years), and its suitahimg.!r has been questioned by the UK users of the

Standard. A proposal was recently made, t:yria member of the BS| committee B/505/40/1

responsible for the Standard, for a revised p{emnlation test and sizing calculation9. In this

draft test, holes four times the area, but ten times the volume, of those in BS 6297 were

specified, along with a test procedure based ulpon that given in BRE Digest 365, with the

exception that only two fillings of water were used. The test is summarised in table 2.

Table 2

Publicalion
date

Publication
and field trial
tast number

name

Key points lof test

Usa of resulls

1995

revision to
BS 6297 Based
upon BSE297
DiM4261

SHEG6 &

BRE digest 365

TESTY

Rees proposal for

Create trial hole(s) 0.6 X
0.6m X 0.6m |deep (below
pipe). Fill with water and
allow to drain. Aefill to dapth
of 0.6m. "I'lml fall in water
level from 0.45m to 0.15m in
all holes. LuAgesl time (T} to
be usad in calculation.

The percolation rate T, in
hours, is used in the
gquation

L = 0.75TxP whera L=
required |length of trench
and P= number of people.




Previously, a different approach had been proposed by researchers at HR Wallingford1 at
the end of 1991, This procedure does not specify a particular hole size but a hole is

progressively enlarged and flowrates are recorded that enable constant water levels (heads)

to be maintained. By solving simultanecus equations infiltration coefficients can be obtained.

The test procedure is set out in table 3.

Table 3

Publication | Publication | Qutline test procedure Usze of resulls

date name and
field trial
test
number

1991 The hydraulic | A spakage pil is excavated and a By using simultaneous

design and nductad. eguations for two sels

performance
of soakaways

soakage lest co
This involves [

ling the pit with water

of results infiltration

coefficients can be
obtainad. This data is
then to be used in
guidelines which are lo
be developed for
designers of
soakaways.

and kesping it full for a period of time,
Tha flow rate td maintain a constanl
water lavel is found by:

either noting the average rate at which
water needs to be added, or, by
periodically measuring the time taken
for the water level to fall by a small
amount.

Once steady conditions are established,
the soakage pit can be allowed to drain
and the falling I?vels may be monitarad.
Subsequently, thle soakage pit
excavation is ingreased in size and the
test is repeale:l'.

R Wallingfard,
xtract from
onclusions and
recommandations

TESTS

The current test specified in Digest 365 is considered to be effective and comprehensive by
UK experts. To perform the test a mechanical digger and water bowser are generally
required. Thus it may be expensive, and not gasy to carry out on restricted sites or where

there are limited water supplies.

A CIRIA rn&pt:-rt12 on infiltration drainage recommends an infiltration, or percolation, test
for soakaways which is based upon BRE Digest 365. The test procedure in this CIRIA report

is summarised in fable 4,




Table 4

Publication| Publication Key points of tes Use of
date nama and field results
trial lest
numbar
18485 Infiltration Location: t As in BRE
drainage CIRIA | g any dimension of he system is >25m lhen a test pit digest
Funders Report A = ! = S r e
IB/5 is required every 25m (if the soil is fissured, the 365
Spection 4.3.5 distance between test pils should be reduced to 10m).
Size of pits:
Based upon The deplh of the anticipated system and:
BRE Digest 365 | 4y if the area 1o be|drained is <100m2 the water
TEST & volume must be at least 0.5m3, or

b} if the area to be|drained is =100m?® lhe water
volume must be at lgast 2m?

Fill '} with water, record the water level against
time.
Repeal the lest two|or more limes, preferably on the
sama day.
[V} However, do not completely fill the hole if nat
enough water can bé suppliad or it is anticipated [hat
infiltration will only loccur at the loweast layers.]

4 Practical comparison of percolation test results

4.1 Trials at Gloucesfershire, England 158585

In the Spring of 1996, BRE conducted trials in Gloucestershire to compare the specifications
and requirements of various percolation tests} Tests were compared with each other on the
same plot of land over a period of four days. A test devised by BRE's Geotechnics Division was
also compared, this is summarised in table 5./ The details of the other tests are given in

sections 2 and 3.

Table 5
Publication | Publication | Key points of test Use of results
Hate name and
field trial
test
number
- BRE d Dig test hole 0.3m X 0.3m X 0.3m below |The progressive
GE“:““"’“ the proposed lgvel of the invert of the inflow nature of this test
iy pipe. Fill with water and record the rate of fall | enables a profile of
TEST 10 of the water level to within about 10mm of the | the percelalion
base. rates of the scil to
Hemove so0il of about|0.5m depth and rapeat be made. This can

test at the lower leval. Conlinue to remove soil | be used to
and repeat test until the base of the test hole is | determine the best
gt least 600mm below the proposed invert level | distribution layout
of any distribution pipe or possible underdrain. arrangement for

! the drainage field.
Such test holes should be dug at various points
gver the proposed site.




The percolation rates determined using the IEEI proceduras are expressed in various ways and
in different units. The results of the field trials are shown in figure 1. For ease of

comparison all the resulling percolation rates |have been converted to metres per second.

The trials revealed wide inconsistencies in rgsults between the various tests which would
lead to different size drainage fields. In general, the variation in percolation rate was less for
the greater depths of hole, however the least variation was a factor of about 20 (at 2m)
rising to around 100 just below 0.5m. The tests were all conducted in the same time period

and thus the variation in results does not take into account seasonal variations which are

likely to be significant. Such variations show|the limitation of site percolation tests and the
results obtained confirm experience in the USA12 where considerable variation in

percolation test results within single sites has also been found.
|

|
Examination of individual tests performed at Edifferent depths reveals considerable

differences, but may reflect tha local variatin!ns of the soil profile. Whilst the BRE Digest
151 test produced identical percolation rates ét 1m and 2m below the surface, both the CIRIA
and BRE Geotechnics tests showed lower parcfniation rates below 1m than those above 1m. The
difference could be due to differant ground fur:matiﬁns or the effects of the auger used in the
Digest 151 test modifying the surface of the iest hole by smearing the soil particles. The
large deep pits produced the lowest perml.atic;n rates. It is possible that this was due to the
soil structure and type around 2m below the surface, or that the soil was saturated by the

larger volume of water used in the test

In the current study, the scatter of the results in figure 1 may be explained, to some extent,
by the structure of the ground. Figure 2 shows the soil in a well-weathered trench, scaled
against a 1m rule, nearby the trial site. It cléar[y shows fissures and various porous layers

within the top one metre. Below 1m the soil structure appears to be more consistent.




100
x ]
)
E =
10
o =
2 5
»
= (8] o o o
) 1 +—X
¥
c X
s A
=
Q 0.1
s
E
0.01 2 3 {
0.5 1 1.5 2
Depth below ground level (m)
" test 1 O test 2 * test 3 © test 4 test 5
(NSAI) (CP302) (BS6297)  (NHBC) (Digest
' 365)
A lest B * test 7 O test 8 X test 9 (HR X test 10
(CIRIA) {Rees) {Digest Wal') {(BRE)
151)

Figure 1
Percaolation rates for site at various depths using different test

methods (logarithmic scale)

Mote The reason for the values of the BS6297 result (test 3) and NHBC result (test 4)
being the same are that it was one test. The two documents deal slightly differently with the

results at the design stage.
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Figure 2
Soil s re at test site (length of rule =1m

4.2 Work in the USA

Comparison of different test procedures with identically sized holes in the same soil has
shown that surface preparation and filling techniques can affect percolation rates by a factor
of up to ten’#. Techniques for testing developed by J T Winneberger!® use paper insets to

reduce inaccuracies introduced by water fillimg.

Tests conducted in California in the 1950s showed that, after about three months of
continuous application of wastewater in soils of varying permeability, the infiltration rates
were essentially the same 8. This was due tg the biomat film (formed by the deposited solids
from the effluent and colonised by bacteria and other micro-organisms which metabolise and
encourage conversion reactions as the thickness of the boimat increases), at the soil and
wastewater interface, becoming the limiting factor once equilibrium had been established.
The only exceptions to this occurred in soils of very coarse gravel or those with significant
amounts of clay. Values obtained in the 1980s for the long-term hydraulic capacity of the
biomat film, termed as Long Term Acceptance Rate (LTAR), ranged from 12 to 20 m2day
depending on the hydraulic head 15: 17, 18, These values approximate to those that would be

expectad for a loamy clay soil.




5 Discussion of errors in percolation tests
|

The units for percolation rate are stated in n‘llillimetres per second but generally they cannct
be measured to such an implied accuracy; mﬁ'.\tres per day would imply the accuracy

normally obtained. The reasons for the variatiluns in results may be due to many factors :

Methed of hole production Depending on the soil type and structure, the way in
which the holes are formed may influence lhe: results. When hand digging a hole, if a fork is
used in clay soil types the walls of the hole produced may be rough but if a spade is used the
blade may smooth or smear the surface. A sn;leared surface may resist the penetration of
water more than a roughened surface. If a rner:chanica! digger is used high compression and
shearing forces on the ground may be produced which can influence the percolation of water.
If an auger is used the head has a smearing Ei;.l'ld polishing effect on the soil as it is withdrawn,

; L.
inserted and rotated to remove the extracted soil and deepen the hole.

In sandy soils it may be impossible to form a test hole without the addition of shuttering and
an aggregate filling. |

I
Surface preparation Before the hole produced is filled with water the

surfaces to be tested may be conditioned as r_r'ari of the test procedure. Preparations may
require scoring of the surface to roughen it, th:e tearing away of soil to enlarge the hole and
the remaval of any compacted soil, or the addliticm of newspaper linings to prevent damage to
the surface during filling with water. [Only the roughening of the surface was used in this

current series of tests, the other preparations are used in American tests.]

Water filling The way in which water is introduced into the hole may
affact the percolation rate. Most of the large holes tested had specifications that required

‘rapid’ filling with water, whilst the tests that had smaller holes required water to be filled
to a specified level. If water is introduced forcefully the surface of the hole may be disturbed

and the loosened soil may become suspended in the water or create a slurry.
The rate at which water is introduced may also be critical in saturating some soils. With

porous soils, high rates of water flow may be needed to enable the hole to be filled.

Number of fillings if the hole is only filled once with water it is less likely
that the surrounding soil will become saturated than if multiple fillings are used. With large

test pits this is less of a problem due the larger quantity of water that is used.

Duration of test If the hole drains rapidly care is needed to judge the
depth of the moving water level. However, if the test is long due to low flow rates and extends
past normal working hours, the hole may empty during the night when it is unobserved and

thus it is not possible to determine the percu]aticn rate.




Measuring range It is eas

level to fall past a specific depth than to decid

ier to measure the time taken for the water
e when the water has completely drained away.

Therefore, timing errors should be less when the former method is used.

Seoil type and structure

The form and type of soil may vary over the site of a

proposed drainage field and with depth. Impervious layers, permeable regions and rocks are

some of the possibilities that could affect the

If tests were conducted over a long period of t

significant factors.

uncertainties. The specification for the numbe

the way in which the final percolation rate is

‘measured percolation rate.

ime, weather and seasonal variations could be

of holes to be produced may not be clear or
to be calculated is poorly specified. Where

surface preparation is required it is not specified clearly how the preparation is to be
|

carried out. Filling rates are often described as ‘rapid’ or ‘slow’ without any quantitative

guidance; this is not acceptable for a test specification.

This work has emphasised that a percolation test is not be the only factor that should be

suitability of a site. Other considerations sho

ld include the vegetation, the terrain and

considered in the siting of a septic tank drain;ge field. It is only one indicator of the

proximity of other buildings. Alse, local knowlgdge of groundwater conditions and geological

structure is very important.

6 Conclusions

Although basically the percolation test prm:ec'ure is to dig a hole, fill it with water and time

its discharge rate, there are considerable diffe
general, small shallow holes are easy to creaf
the area proposed for the drainage field, they
be used to design the arrangement of the disc

rences between commonly used tests. In
e and fill with water and, if enough are used in
can provide shallow level information that can

harge pipes. However, small shallow holes can

give results that are very different to full siz

holes have bettar correlation with pit type snﬂkaways but the tests are more involved and can

be more costly.

pit type soakaways. Therefore, large deep

Currently, there are two approaches lo percu:[atinn testing. The first is that tests for septic

tank discharges should be different from those for rainwater discharges because of the nature

of the flow. In septic tank installations the inflow could be relatively continuous and the

discharge almost instantaneous but for surface water soakaways the inflow will be irregular

and the discharge delayed if there is storage in the soakaway due to a low soil permeability.

In addition to the above, some of the tests siecifications introduce factors which contribute to

10




The second approach is that there is little difference in the requirements of the two
situations. For example, the discharge from a bath could be considered equivalent to a period
of rainfall. Much of the data, upon which the design assumptions for these installations have
been made, were collected several decades agJ:. Due to changes in people’s lifestyles and
rainfall patterns it is not clear which approach to testing is the more appropriate; further
consideration of the mechanisms involved is needed. Currently, BRE is carrying out research
to determine drainage discharge patterns in domestic properties which will answer some of

the uncertainties.

Whichever test philosophy is chosen, there are basic principles that should always be
followed.
«  The tests should take account of any seasonal variations of water table levels and
rainfall,
= The tests should be straightforward, have clear and simple criteria for
assessment, be as economic as possible and be practicable.
= The results obtained must be considerad in relation to other information about tha
proposed site (such as location, walter table and local geclogy).

8 Hecommendations

The current test in BS 6297 is not satisfactory as it is poorly specified, for example, with
regards to the number of holes to be dug, and it is imprecise. The percolation rate is
calculated in seconds per millimetre which is misleading since the tests give only a rough
estimation of the actual percolation rate and should be measured in metres per day.

The requiremeant in BS6297 to “... observe the tiTm. in seconds, for the water to scep away completely,”
is too subjective. Determining, to the nearest second, the point at which water drains from a
dug pit is impractical, in all but the fastest draining soils. Another major concern with the
test procedure is that the current wording can be interpreted in many ways which may result
in one or three holes being tested over two or four days- this is not acceptable as a
specification. However, in some cases where repeat tests are required the procedure may
take over 10 days. One of the problems cited by the local authorities was lack of resources
and manpower, in general, and thus it is unlikely that such a test would be supervised by
local authority inspectors. As '..underdrins are desirable.’ if slow percolation rates are
calculated, it is an omission in BS 6297 that no consideration is given to the percolation rate

of the soil at the underdrain level.

In summary, from the current study the guidelines that can be applied to percolation testing
are:

] Usaful information may be provided by progressively increasing the depth of tha test hioles tharaby revoaling the
percolation profile far the plot of land. {Increments of 150mm revealed differant percolation ratas)




2 Alarge pit may simulale a soakaway pit installation very weatl but far sub-gurface drainage lields. a serigs of
smail holas over the propesed area ol the drainage ligld may provida more wselul indermation,

3 In cohesive soils, such as clay, test hales can be produced lo vary fing tofarances an thie dimensions |8, wilhin.a
few mm, However, in less cohesive soils shutterng and aggregats flls may be required and holes can anly ba mada with low

dimangicnal accuracy.

4 Hand auguiod holas aca fast to make and praduced consistont asCurate holas with Hlat basas, Holas dug by a
skillad oparator wsing a machanical digger ara nnpenl.‘:l:fn: on the size of buckat usad. Il the bucket is the width of the

required hala a high degrae of atcuracy (in the order
effact on the walls of the hole of the digging mechanis

zlom) may be oblainad, Hand dug halas ara the most variabla. Tha
m must ba considerad 1o detorming if it i sullable lor the sail 1ypa.

MOTE Although the hard augars used produced lal basad hales thas would Aol be 50 with a powered auger as
{hesa usually have coarsaly thraaded noses 1o pull the blades into tha sail,

5 If hales are to ba spade dug by hand, they shauld not ba deepar than their width. [t is vary ddficull to sxtract sail

{ram hales that are deepar than their widths

[ Whara helas ara 1o be dug in tha lloor of raErEat pits the area around the kole must ba large anough ta parmil

parsonnel to stand and climb in and out without displ

ing &oil that can allect the measwramants,

7 Large hales ate ganarally mora caslly 1o dig, raquire mare salely considarations and requirg mare water for

tesling than small holas.

a The dagrea ol soil saturaton graatly affacls the detlermiried parcalation eate, For consistant results tha soil

must ba complataly saturated.

9 The parcalation rate abldined lram A 2ita tagl i3 aaly ona indicalar a5 1o thg switability ol tha ground for use as-a

drainage Ffiald.

10 Clear guidance is nasded 1o covar all resulls of tha tasts, so that it iz claar when fo stop lasting and how o
axtrapolate tha rasults; if the ground s vary slow draining.

9 Future Work

Work is required to determine the mechanisms that operate throughout the lifetime of a

septic tank effluent disposal system in the UK climate. This information could be used to

determine if such installations require different test procedures to those for surface water

disposal systems and provide useful guidance for building inspectors and others.

Work is also reguired to determine definitive test methods to determine percolation rates and

their applicability. Site trials, comparing the [results of acceptable testing procedures,

should be conducted in different locations at different times of the year to determine their

suitability and repeatability.
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New Software Modules for Siphonic Roof Drainage

Systems
(grad. Plumbing Engineer Andy Schweizer, Geberit Technik AG, CH-8645 Jona, Switzerland)

1 Introduction

During the past few years, the advantages of siphonic roof drainage systems have
become clear to engineers and builders all over the world. They have helped turn the
system into a notable success. This success can be demonstrated in the large
number of buildings where this system has been in service for years. The buildings in
question include very large industrial facilities, airports, shopping centres and office
buildings. These are exactly the type of building where the roof drainage system is
subjected to exacting challenges as far as its functional reliability is concerned. The
siphonic systems have been able to fulfil these requirements.

Most of the hydraulic calculations necessary for ensuring the function of the installed
systems were performed with the help of PC-based software programs. This involved
the system supplier providing the programs in question to the engineering offices and
training the program users accordingly. Even today, there is neither an 1SO standard
nor other international standards for performing siphonic roof drainage system
calculations. Consequently, the programs in use are not standardised either. Each
system manufacturer has implemented their own defined hydraulic calculation in
their program in the form of a specific algorithm. Equally, the manufacturers have
also defined individual modes of using the programs. The result is that the programs
differ greatly, principally as far as operating them is concerned.

The general principles of performing work on the PC has been standardised by the
use of modern operating systems such as Microsoft Windows. This graphical user
interface is based on the intuitive perceptive faculties of the program operator. Care
is taken to ensure that all programs contain the principal standardised objects and
present them in a unified way on the screen. Compliance with these standards has
been accepted by the software industry and this is influencing the ongoing
development of all programs. Consequently, even the more technically oriented
applications such as calculation programs for siphonic roof drainage systems have
been developed in this direction. | would like to describe to you what consequences
this has for the user and what the resulting advantages are. | shall explain aspects
as appropriate by taking examples from the software which we have produced.
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2 Survey of calculation procedures for roof drainage systems

2.1 Principle differences in the pipe layout

Syphonic roof drainage system

2.2 Fundametal values for the calculation of the dimensions

Maximum rate of rainfall

/ Systemlimit

Pipe dimension -« | Pipe layout in‘bui'lding

Conventional roof drainage system

Andy Schweizer / Geberit Technik AG 11.09.96
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Maximum rate of rainfall

F ]
Pipe dimension - Pipe layout in building L

\.. Geodetic hight

Syphonic roof drainage system

This survey shows the principle components of the system which are relevant to the
calculation. It presents a comparison between siphonic roof drainage systems and
conventional drainage systems. In this context, the limits of the system are taken to
be the transition point to the drains. In both processes, the objective is to determine
the dimensions of the pipes depending on the local amount of rain and the specified
routing of pipes in the building. In conventional non-pressure drainage, the applicable
national standards specify calculation valugs in the form of a table. The basic values
in the tables are either based on a roof area which can be connected to a horizontal
or vertical pipe, or alternatively on the volumetric flow which has to be drained, which
is calculated as a function of the amount of jrain.

In calculations for siphonic roof drainage systems, the element of geodetic height
also has a role to play as a fundamental value in the calculation. This value makes it
difficult to use tables as a means of determining the pipe widths. A three-dimensional
tables would be required. It would have a|complicated structure and be difficult to
interpret. Both systemns require checking by the engineer if there is an alteration in
the fundamental values (amount of rain, pige routing or geodetic height) and must be
adapted if required. All in all, it is clear that the existing interrelations make it more
complicated to determine the pipe width for siphonic roof drainage systems as a
result of the additional element in the calgulation process represented by geodetic
height. The following talk is intended to explain how to deal with this complexity.

3 Planning work when calculating|siphonic roof drainage systems

3.1 Fundamentals

As already mentioned, the following parameters need to be worked out in order to
perform the calculation for siphonic roof drainage systems:

« Amount of rain
The amount of rain is dependent on the geographical location of the building.
Generally speaking, the values are specified in the standards for the specific
country. The units used vary from standard to standard (litres/m?) or
gallons/minute/sq. ft.
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Pipe layout in the building
The routing of the pipes is planned as a f
construction and co-ordinating the pipes

Geodetic height

As in the case of pipe routing, this fundar
the building which is to be drained. The 5
specific height from the roof outlet to the
system).

In addition to these values, the roughnes;
calculation. The values to be applied are
programs and so the user does not need
input values.

3.2 Preparations for planning and the ca

It is necessary to define the distribution of {
fundamental parameters) between each in
have to be entered into the system in &
necessary to use a sectional view to suppl
two-dimensional. Entering the height of the

e]

: generally integrated in the calculation

unction of the specified portions of the
with other installations in the building.

nental parameter is also dependent on

ignificant feature for the calculation is the

transition point to the drains (limits of the

of pipe material used also affects the

to consider them when determining the

lculation

he total amount of rain (derived from the

dividual roof outlet. The pipe dimensions

three-dimensional way. To do this, it is

sment the plan views which are normally

pipe (the third dimension) is of decisive

importance for the function of the siphonic rpof drainage system.

3.3 Support from the PC program

bry stage now form the basis for entering

The values worked out during the preparat
h change the program and briefly explain

data into the system. It is now necessary
the main elements of the user interface.
The application shown here possess all the elements of a Windows program. The
application window can be opened and closed as well as moved around the screen.

As with any program running under Microsoft Windows, the application used here
has a drop-down menu for accessing the commands. There is also a toolbar for the
most frequently used commands in addition to the drop-down menu method of
activating the commands.

First of all, it is necessary to tell the system what is the project for the subsequent
data. If the user wishes, it is possible to crepte links from the project being created to
addresses of partners who are involved. These addresses may already exist or they
can be created later. Subsequently, these addresses are printed on all documents. In
addition, we have structured the appticatilmn in such a way that it is possible 1o
manage several partial projects within a project. We will be able to make excellent

use of this capability later on when it comes
means material quantities from more than
the same list.

Andy Schweizer / Geberit Technik AG 11

to evaluating the materials required. This
one partial project can be printed out in
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Defining the project also allows the stored d
the project has been defined, the prograrm

ata to be processed at a later date. Once
1 displays an interface reminiscent of a

CAD system. The system then waits for a hree-dimensional drawing to be entered.
A 30° drawing grid is specified for this purpose. The operator uses the mouse to
draw in the pipes on the screen. Preassembled graphic elements such as pipe

elbows, junctions and roof outlets are avail

le for this purpose. Whenever a junction

is used in a pipe, the system automaticdlly divides the stretch of pipe into two

sections, because adding a junction amou
relevant for the calculation. After the pips
necessary to specify the amount of rain arrij
out in the preparatory stage are used for
making the drawing.

ts to defining a point in space which is
> has been drawn on the screen, it is
sing at each roof outlet. The data worked
this in the same way as they were for

Following this, it is possible 1o enter the actual pipe lengths of the individual pipe

sections (in the case of vertical pipe secti
geodetic height). Pipe sections which have
different colour.
After all the data have been entered, th
determine the pipe diameters. The user is H
calculation since the stretch of pipe currentl
colour. The calculation algorithm used is d
The calculation initially checks the rules sp
as the minimum geodetic height or the m
dimensions of the pipes are fixed provides
program informs the user if the rules hav
piping system so the user can make the n
shown that automatic calculation is possil
practice. When the calculation process is
displays the dimension texts for the pipe sed

The system includes a preset layering tech
information shown on the screen during
displayed or suppressed selectively.

Andy Schweizer / Geberit Technik AG

hns, the pipe length corresponds to the
» already been updated are shown in a

e program performs the calculation to
repl informed of the current status of the
y being calculated is displayed in another
esigned to optimise the pipe diameters.
ecified by the systern manufacturer such
nimum speed of flow in the pipes. The
i these rules have been observed. The
5 not been followed at any point in the
scessary corrections, Our statistics have
le for 80 % of all buildings planned in
completed, the program automatically
‘tions drawn on the screen.

nology in order to reduce the amount of
working. This allows information to be
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3.4 Results of the planning

It is only possible to print out documents for|systems which have been calculated
successfully. This is in order to guarantee that the rules of the system are complied
with.

The following documents can be displayed on the screen or printed out as the resulis
of a calculation which has been performed successfully:

s Plan drawing with variable lettering
« Table with the values calculated for the individual pipe sections
« List of materials

 Offer comprising materials and prices
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The plan drawing can be imported into a CAD program using the DXF interface. The
table, the list and the offer can be imported into normal Microsoft programs using the
standard interfaces.

Exarmple of hydraulie calculation list

-1 09.09.96
M GEBERIT | 20:25:20
1
Project: ZI8-l52 Seminar
Sub project: Lozgtorf
Contacty: Gaberic Technik AG

The Gekerit guarantee agresment is vaild for [the function of the system, provided
that emly pipe and fircings of the Geberic Pluvia product range, bearing the Geberic
crads mark are used and that inscallation is [carried cut by a Geberit Approwved
installer in accordance with Geberit Installacion Technolegy.

211 data necessary for this calculation are based on the spezification form the
custemer and/or his suthorised Iepresen:a.:ivé,

VARNING : Values with "F" do not satisfy the Geberit design criteria.
These wval MIST
Position|Dimensicn Langeh Height Targer|Discharge Vaouum| Velosity Wacex/
Alr mixcure
[Me] [m] [m] [m] [1¢s] [1/=s] fmbar] [m/=] [%]
1 50 0,37 0,37 17,85 -19 .6 91
F: 1] 8,00 &.,00 17,85 =518 3.6 a1
3 1] 0,28 0,20 17,95 -514 3.6 a1
q = 14] 2.60 17,85 -448 A.6 91
5 30 0,14 17,85 =431 3.6 ai
B 14| 1,30 17,95 -38Q 3.6 91
7 20 014 17,95 =373 d.6 91
B 1] 1,20 17.85 -318 3.6 91
] 75 J.ao 12,00 =218 3,7 BE
10 55 3,00 &,00 =116 3,2 a7
11 54 o, 14 &,00 -100 3.2 97
12 55 2.30 6,00 -19 3.2 a7
13 56 1,30 1.20 &, 00 -76 3,2 g7
14 5& 0.10 0,10 E.Q00 &, 00 L] 3.2 97
15 55 0,28 6,00 =152 3.8 BO
16 =121 2,38 6,00 =91 i.,8 BD
17 58 1,30 1.20 &, 00| -96 3.8 BD
1B 55 0,10 0.10 5. Q0 6,00 0 3.8 B0
19 50 0,28 5,95 -284 3,9 100
20 =1u] 2,44 5,85 =128 3.8 oo
21 50 1,30 1.3D0 5,95 =144 303 i0o
22 56 0,10 0.10 &, 00 5,95 [+ 3,0 100

3.5 System requirements

The Windows program presented here will be available in several languages. It is
currently available in German and English.

The program must be installed on a PC running the Windows 3.11 or Windows 95
operating systems. An A4 inkjet or laser printer makes a suitable output device.

Andy Schweizer / Geberit Technik AG 11|09.96 Page 7
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4 Summary

The use of the PC program presented here
making up for the disadvantage of the calcul

system. The interface and the fundamental g
accordance with the standards specified by |

rovides a straightforward means of

ations needed for siphonic roof drainage

spects of using the program are in
icrosoft Windows and are accepted by

a very large number of users. The results of the planning process are adapted to the
Geberit Pluvia system and correspond to the technical requirements recommended

by the system manufacturer. Using the progp
guarantee that the system thus designed wil
comply with the safety requirements.
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DISCHARGE CAPACITY OF RAINWATER STACKS:
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B-1000 Brussels
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Abstract

The correct drainage of rainwater is important for the conservation of a building. [1
seemns however that rainwater discharge pipes are still designed relying upon not fully
correct calculation rules. Research done on this topic at CSTC/WTCE in the early 70's,
provided such correct calculation information, but this seems not to be known. Starting wath
a comparision of the rainwater stack capacity calculation in some European countries and in
a document issued by the European Standardisation Commilee, the paper tries (o explain the
discrepancies between the different national approaches, relying upon the research results of
CSTC/WTCB.

Keywords: rainwater, discharge stacks, weir flow, full bore flow, orifice flow.

1. Introduction.

Humidity is of a major concern in the context of healthy buildings, a topic which
receives quite a lot of interest these last years. In avoiding the building to become wet, the
installations for water supply and water drainage, between which the rainwater installation,
play an important role: if they fail, the building will indeed be confronted with a humidity
problem. In case of problems related to the water supply or waste water installation, the
damage can in general be limited, because people control these installations. In case of
rainwater drainage installations, this isn’t the case: if they are leaky or under-dimensicned
the problem is sometimes difficult to control and damage can be important. This is probably
the main reason why much attention is in most countries being paid to the rainwater
drainage: in Belgium for instance, there is no standard on waste water drainage of buildings,
but there is since 1953 a standard on rainwater drainage of roofs. With great interest was
than also looked 1o the standardisation work, set up by the Working Group 21 of the
Technical Comity 163 of the European standardisation comity (CEN), on rainwater
drainage.
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One of the surprises we had in analysing one of the documents issued [1]. was the
high drainage capacity attributed to the rainwater stacks. This can be illustrated by figure 1,
which represents the stack capacity as indicated (n the regulatory documents of Germany (D
: DIN)[2]. France (F ;: DTU) [3]. Switzerland (CH : SN)[4]. Belgium (BBRI 1) [5]. and as
indicated the considered draft of CEN (prEN)[3], From this figure it is clear that the CEN
and Swiss proposals difter quite from the values used in other European countries. The
question raised how 1o explain these important differences.

As CSTC/WTCB had done research on the capacity of rainwater stacks, in the late
60's-early 70's, we decided to pick-up again the issued results in order to find an explanation
to the noted discrepancy. These research results were already presented at the first CIBWEZ
Seminars. This paper brings the results of this analysis. Hereto we first review the concemned
research results §2. In §3 we then use these results for commenting the above indicated

discrepancy. The §4 presents the conclusions.

2. A review of the CSTC/WTCB research results

2.1 General
The research aimed at establishing the water drainage capacity of stacks fed radially

at their top under consiant water head, as function of

« their configuration -some of the configurations tested are represented in figure 2-

+ their diameter

+ their length

« the water head (H on tigure 2)above _I!hEi[' Lop.

It was realised by the Belgian Building resaerch [nstitue (CSTC/WTCB) at the test facilities
of the French Plumbers Organisation at Saint-Remy-les-Chevreuse in France.

2.2 Types of Mow occuring

A first thing which was noted, is that three different kinds of flow conditions can
occur in such stacks : weir flow, orifice flow and full bore flow.

The weir flow (fig3A), occurs for low values of the head (H) above the inlet of the
stack. For this type of flow the research established the following relation between the

flowrate and the head is the following:

Q = (a+pH/D) nDH Y2gH (1)
where:
Q : is the flowrate in (I/s)

H : is the head above the inlet of the stack, in (dm)

D : is the internal diameter of the pipe. in (dm)

g : is the gravitational acceleration: 93,1 dm/s

o and P : are coefficients characterising the stack entrance with respect to the flow;

- in case of sharp entrances : & = 0.433 and [=0.35

- in case of conic entrances : a= 0,578 and (=0.35.

In these flow conditions, the flowrate is thus independent from the length and the
configuration of the stack (presence of bends for instance).

In a graph with the flowrate on the horizontal axis and the head in vertical axis, this relation
is represented by the ‘a curve’ ; see figure 4. Increasing the diameter, without changing the
configuration, results in a shifting of the curve to the right on the graph: from atill .

(]
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Rising the head will thus increase the flowrate according to refation (1). However
from a certain Nowtate on (Qe on figure 4), the weir flow ends and the full bore occurs (fig
3B): the transition from one flow 1o another is gradual. For this last flow type the relation
between the Nlowrate and the head was established as being (curve con fig.4):

Q= ((xD*)/H) V2g(L+H+Y+a)/(1+G+Ce + AL/D))  (2)
where,

Q. L. H and D as above, formula (1)

Y : the length of the eventual conical part, in {dm)

¢ headloss factor at the entrance of the stack(-)

Ce: headloss factor of the bend(s)(-)

7. ; friction factor in the pipe (-)
One can see that the flowrate depends als on the length of the stack and when the length is
raised, the point where the transition from weir flow to full bore flow occurs, moves to the

rizsht on the graph(fig4).

Starting from a weir flow, it is possible to have a third type of flow, i.e. the orifice
flow, which only occurs in centain conditions. Conditions which can lead to orifice flow are:
 a rapid rise of the flowrate up to a value given by:

Q=0.5 V(2g D°) 3)
« straight stacks with conic entrance and lenghts < Im;
- straight stacks with sharp entrance and L/D<40

The relation berween the flowrate and the head is this time given by:

Q=u (xD4) ¥ (22H) 4)
where;

i : is the contraction coefficient (-)

all other svmbols are as above.
This relation is represented by curve b on figure 3. This type of flow is not stable and when
the head is lowered, the flow follows curve b'on figure 5.

2.3 Practical results

Figure 6 show the type of results which obtained in the CSTC/WTCB research, for a straight
stack configuration with conical entrance.
It will ba clear that the use of such a diagram is not at all easy. Going out from the
hypotheses that the flow condition should remain of the weir type, we were able to transform
the information in diagrams like the ones represented in the figures 7 and 8.
The use of these diagrams is as follows:
« If vou have to drain a flowrate 600//min and the head allowed on top of the stack
is 50mm), while the stack is according to the configuration of figure 7, you will
have 1o use a stack with a diameter of about 100mm, whatever the length of the

stack is.
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s Incase the allowed head is 60mm. and the length is 3m, you can use a 65mm
stack, But in case the length s only |.3 m, one will have to use a 70mm stack,
[n fact the mixed lines connect all the points where for a given stack length, full bore occurs.
This means that for a certain allowed head, the points under the curve which corresponds
with the lenght of the considered stack, have full bore flow conditions and can’t be used.

3. Application of the CSTC/WTCB results to the figure 1.

From the above review it is clear that the capacity of stacks which are fed at their top
doesn’t depend only on the diameter, but certainly also on the water head abave the stack, as
well as on their length and on the stack configuration.. The length of the stack being
important for the maximum flowrate which can be discharged without having full bore flow.
Giving stack capacities, without any reference 1o the water height above the top and thus on
the roof in case of flat roofs is an uncomplete and even dangerous information.

The curve BBR1 on the figure |, was calculated using equation (1) with a water
head of 35mm and a sharp entrance. For lintle diameters all curves are situated under the so

calculated curve. Above 7omim, (he LEIM Curve as well as the owiss one are nowever ajready
situated above the BBR1 curve. This means that these stacks, in order to realised their
calculated capacity, will have to be loaded at heights well above 35mm, value set forward as
the maximum in the CEN proposal.

Anvhow also the German and French curves rise above the BBRI curve for larger diameters,
with again the risk to create serious overloads on flat roofs.

One must however notice that the CEN-proposal states that the capacity of the
system is usually dependend upon the capacity of the outlets, the caleulation of this
capacityleading indeed to flowrates which are much lower than those proposed {or stacks.
But it is not clearly stated that it is not allowed to use stacks with a diameter which is less
than the diameter of the outlet. I this would be the case the stack capacity table in the CEN
proposal would be useless.

4. Conclusion.

It seems that the drainage of rainwater from roofs is still not correctly adressed
inmost standards, although the availability of research results since nearly 30 years now.

The approach adopted in certain standards seems us to be dangerous; it must be
hoped that in these countries buildings are provided with well calculated overflow
possibilities.

The different flow phenomena described in our research results provide also the basis
for the understanding of the siphonic rainwater drainage.
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Figure 2. Examples of configurations considered in the CSTC/WTCB research
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Figure 7. Diagram for calculating rainwater stacks with two bends and a sharp entrance.
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Swiss regulations for the discharge of rainwater:

Rainwater seeping through the ground
B. Stadelmann, Swizedand

General

Fundamenital principles / Officicl permission f Types of waste-water effluent drainage
Surface seep drainage systems

Underground seep drainage systems

Accumulation retention resenvoirs

ELEC B ol By

1. General

Much of our evaryday life has to do with water. Even whilst still at school, we were Instructed
on the natural circulatory systerns of water in general,

(Fig. 1

In the extraction of drinking water, only that part of the circulation ks of interest to ourselves
as a rule, that occurs after the seepage of rain water into the ground substrate has taken
place. And as drinking water is exiracted as a rule from the layers where water previously
seeped, we come upon a fundamental principle: ground water Is not to be polluted by the
seepage of raln water. This fundamental principle is therefore primarily to be complied with
in the planning and construction of underground seep drains.

Our water conservation legislation places us under a duty for the overall conservation of the
purity of areas of suface water and for the maintenance of the natural water circulatory
systemns. Areas of suface water are to be conserved agalnst pollution. Legisiation prescribes
that we are “fo permit unpolluted wasfe-wafer effiuent fo seep in accordance with the
ordinances of the cantonal authorties. Should local conditions not allow such seepage,
then official pemnission will be granted by the cantonal authorities to conduit the seepage
into on area of suface water. In this respect, occumulation retention measures are fo be
provided, so that lorge occumulated volumes of water at any one instance can be
permitted to drain away continuously at a constant rate.”

Let us however pose ourselves the question: why then seep drainage at all ?

It was not very long ago when a philcsophy of dralnage was prevalent in our society., to
callect all volumes of water as proficiently as possible and to drain it away. This philosophy
however was accormpanied by many negatives aspects, such as

« an overoading of the sewer infrastructure and waste water-effluent sewage purification
plants;

» adecrease in the purification capacty in the waste-water effluent purffication sewage
plants on account of a too high degree of dilution of the dity water by clean effluent:

s 0 reduction in the renewal of accumulations of ground water,

QOur Country was very thinly populated before the fimes of infensive building construction. As
a rule, and with few exceptions. rainwater seeped away in the location where it
precipitoted. Various types of ground substrate had the capacity of accommodating and
compensating for high accumulation volumes in the precipitation of rainwater. Our new
drainage philosophy is therefore directed 1o approach such original circumstances more
closely. Efforts are to be maode to pave as little of the ground surface as possible.
Continuously flowing. unpoliuted drainoge water is not to be mixed with dirty water, but
Introduced Into the natural water circulatory systems. Unpolluted rainwater from roofs and
paved surfaces is 1o be seep-drained away and thus introduced into the notural water
circulatory systern, Any instantfaneous high level accurnulations in volume in the sewers
infrastructure is to be avoided by means of accumulation retention resenvoirs.




2. Fundamental principles / Official permission / Types of waste-water eflluent drainage

Various acts of national and reglonal legislation form the basis for the planning of, and
officlal permission for seep droinage. The Swiss Standard No, SN 592000 provides exact
details of how such installations are to be planned. Some of the basic requirements for
compliance under the Standard are cited os follows:

« Ground water conservation has a clear priority in the planning of seep draln systems:

= The seepoge of suface water Into the ground substrate is generally to be preferred to
seepoge into a seep drain system;

« The structure of the ground substrate has to be ascertained at the intended location for
the planning of a seep drain system. A hydro-geological expertise will provide such
details. Such an expertise can be elaborated for single projects or for entire geographic
zones. A geologist Is of course to be retained for the eloboration of such an expertise.

» Official pemission has to be opplied for and granted for all seep drain projects.

Let us take a further look at the various types of waste-water effluent:

A declsion Is to be taken in any event, as tc whether seep drainoge Is viable, dependent an
the origin and the conslstency of the waste-water effluent involved.

The disposal of dirty water from households, frade aond industrial operations is to be
connected up to the sewers infrastructure, and 15 thus not to be taken into account in any
discusslon on seep drainage.

Seep drainage is to be prefered for the disposal of rainwater from roofs and poved
surfaces. Attention should be given to the consistency of the surfaces from which the
rainwater Is 1o be drained. The dally use made of such surfaces con have a significant
influence on the degree of pollution of the rainwater Involved, and thus plays an importtant
role in the decision whether to permit seep diainage, or on how such Is fo be effected. We
shall be retuming to these aspects when considering the various forms of seep drainage at o

loter stage.

Clean waste-water effluent, as well as water from fountains or cooling plant s to be seep
dralned. Such may only be disposed of in the sewer Infrastructure and subsequent waste-
water effluent sewage purification plont, In small amounts or with special officlal pemmission.

Reference has already been made previously to a variety of seep drain systems. As we have
already heard. suface seep drainage is to be given priority over seepoge into seep drain
systems. In the case of both these types, the situation of the ground water table has to be
taken Intc consideration. A natural vertical seepoge route of at least 1.0 metre, measured
from the lower edge of the fiiter layer should be |In existence above the maximum ground
water table. The two types will be explained durng the following remarks.

3. Ssurface seep drainage systems
(Fig. 2)

Surface seep drainage s obtained when paved parking areas, driveways or access ways
are constructed as pemneable o water. Waoter con be made to seep directly into the
ground at the point of accumulation by means of an appropriate ground surface
construction. Such surfaces are laid out with grass-turf paving or concrete-grill blocks. The
immediote substrate is constructed of seepage material such as hard-core and/for gravel
respactively to act as a seep drainage pack. This form of paving is suitable for medium to
good permeable subsoils. The disodvantages inherent in such systems are disregarded In
practice, where the function of suface seepage can become termporarlly impaired when
the ground Is frozen In winter,




A further possibility for surface seep drainage is 1o conduit the water Into spacially prepared
depressions. These must of course be constructed pemeable to water. In addition to the
function of nomal seep drainage. such depressions provide the possibility of occumulation
retention capacity; but this speciality will be discussed at a loter stage.

Only roinwater accumulating on driveways, occess-ways and parking areas should be
surface seep drained, wherever possible. Rainwater accumulating on roofs should be
suface seep drained wherever possible: otherwise, such should be conduited into an
underground seep drain system.

Should seep drainage not be possible, due to hydro-geclogical conditions, rainwater may
be condulted via a ralnwater drainage channel to a river or a lake. Any form of disposal into
a dirty water conduit or channel s not pemmitted.

surface seep drainoge corresponds to the natural infiltration process of rainwater info the
ground substrate. A good purification effect Is thereby obtained. Aparf from this, It ensures
that a simple verdficatlon survey is possible by eye of the quality of the water being drained
off and of the functionable capability of the seep drain system involved. For this reason, it Is
to be deamed the primary targeted form of any seep draln system.

4. Underground seep drain systems

Should any form of surface seep drainage not be passible, ralnwater accumulating on roofs
may be conduited Into underground seep drain systems. Depending on local conditions,
there are various possiblities available. The fundamental principle is ogain paramount, that
the conservation of the ground water has always to be ensured.

Every underground seep drain system Is to be equipped with advance sludge catchments.
Such sludge catchments - as also, Incidentally all services extending to the surface - may not
serve as a flow Inlet for accumulated surface waste-water, so that no water-hazording fluids
can obtaln access to the seep draln system. For this purpese, screw-unloned and thick

manhole covers are employed.
The first type of underground seep drain system [s the
seep drain shaft

{Flg. 3
In the case of a seep drain shaft, the seepoge is effected at a relatively concentrated rate

in one location point. This has the effect of only requiing minimum space. However, this form
of seepage Is fairly Iimited in its accommodation volume copacity, and therefore only
sultable for smoller projects.

A seep drain shaft possess a minimum diometer of 1 metre, The wall of the shaft, undemeath
the flow Inlet Is perforated with apertures. The diameter and the height of the seepage shaft
is determined on the one hand by the anticipated accumulation volume of water, and on
the other by the seepage capacity of the ground substrate. The same basis Is taken for the
calculation of the water volume accumulation, that Is alo employed for the dimensioning
of waste-water drainage pipes.

Waterimpermeable material Is used as extensively as possible above the seepage laver, for
the surface covering around the seepage shafi.

Should the requisite seepage capacity not be obtained by means of a seep drain shaft, the
effective seepage suface can be enlarged by the employment of

seepage trench,
(Fig. 4)




As the term suggests, horizontally extended trenches con be excavated, that radiate out
from a seep drain shaft, or from a contral shaft, either in one direction, or in a star-shaped
tormation, until the requisite filter surface capacity is obtained. The widih and the depth of
the seepage layer are ogain dependent on the seepage copacity of the surrounding
ground substrate. Two different variations of seepage trench are acceptable. Either o pipe is
laid in the middle of the seepage layer, which has been perforated with apertures on its
underside. or a trench Is excavoted and filed with a seepage layer, which is made up of
rubble having a particle size of 30 o 80 mm. Extensively impermeable material ls employed
as a covering in such cases alse, so that infittration from above is largely prevented.

5. Accumuldtion retention reservoirs

Rainwater accumulation retention reservoirs are employed to reduce high level flow rate
impingements on the seep drain system, or to the sewer Infrastructure. There are a variety of
Installations avallable for such purposes, ranging from garden biotopes fo ponds, open-area
space depressions. or even parking areas. In the construction of accumulation retention
reservoirs. the drain outlet Is Intentionolly dimensioned smaller than the flow inlet. The
catchment container of a rainwater collection installation may also be employed as an

accumulatlon retention resamvalr, .

The slze, form and stuation of retention reservairs are dependent on local conditions. It s
therefore meaningful to select as generous a capacity valume as possible. One aspect, thot
is not to be neglected. is that of the possible accident hazard, An cpen pond represents o
special hozard for young children. and due care has to be paid to this aspect In the
constnuction.

In the past few minutes, we have occupled ourselves with a brief overview discussion of our
current seep dralnage theory. By keeping on open eye on the geographic surroundings. it
does however become apparent that there are often marginal differences between theory
and effective practice. This should however not deter us from maintaining an ever daily
owareness of the conservation of our ecalogical envirenment, and 1o glve this aspect our
greatest attention.

Bicliographical references:

= The Swiss Standard No. SN 592000

» Guldelines: seep drainage and water accurmulation retention in the environs of real
estate properties: lssued by The Official Ecolegical Environment Agency of the Canton
Lucerne, Switzerdand.
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Versickerungsgre.aben mit Versickerungsrohr (Versickerungsgalerie)

Das Sohlengelalie des Grabens und der Leilung soll bei dieser Auslihrung maximal 0,5%
belragen, Als Versickerungsrohr wird ein mil den Lochern (Schittzen) nach unlen verlegles
Sickerrohr verwendel. Es soll mindestens von der Rohrweite LW 150 sein. Das Hohrmalerial muss
den stalischen Anforderungen dieser Verlegungsart entsprechen (unier Berlcksichligung auch
von zukiinftigen neuen Mutzungen, Uberlahrien usw.). Am Ende des Versickerungsgrabens ist bei
der Anwendung als Langsversickerung emne Konirall- und Reinigungsmoglichkeil vorzusehen
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THE PARTNERSHIP OF THE PRODUCTION CHAIN IN THE DEVELOPMENT OF
QUALITY ASSURANCE PROGRAMS FOR PLASTIC PIPES

Orestes M. Gongalves
Department of Civif Construction of Escola Politéenica da Universidade de Sao Paulo

1. Introduction

The implantation of modem concepis of quality ameng the manufacturers of systems and
compaonents has meant a synonym of productivity and competitiveness, changing the scenery
of the market and the way companies behave.

The increasing number of different techniques and methodologies to implant guality systems
based on models of oriental origin or based on I1SO 8000 standardized procedures caused
difficulties to the companies when deciding procedures to be adopted. This occurred
because in most cases there is a lack of system approach in quality. The guality matter can
be analyzed according to the following aspects:

« individual company - the aspects of productivity, individual competitiveness and
corporation and technical culture must be considered in the quality system to be adopted.
There must also be a gradual and supervised implantation process aimed at achieving the
established goals. The quality system can only be effective when it is completely
incorporated to the company's culture and ISO 8000 certificalion is one of the steps of the
process. Quality system that is implanted only with the purpose of obtaining 150 9000
certification might not last long.

« industrial sector - production chain companies - The establishment of a partnership
process must consider the perennial aspects, the sector competitiveness, the institutional
culture related to quality and technological development. This parnership occurs with the
related associations aiming at the development of Quality Assurance Programs with both
an evolutionary and audited implantation process. The implementation of this process
depends on the company capability of absorption of the new technalogies, on the demands
of the user/clients related to performance and costs, and on the institutional and ecological

factors.
This paper focuses on quality in the industrial sector

Towards the beginning of the 90's the Brazilian Govermment made significant changes in its
economic policy. The economy was opened. There was adopted a model of international
competitiveness. The Federal Govemment then launched the PBQP - Brazilian Quality and
Productivity Program in parinership with private institutions aiming at quality awareness,
improvement of research and laboratories bases, development of models of quality
management, encouragement of dialogue between government and pnvate entities and finally
wield the purchase power of the State to foment quality.

The Civil Construction Sector - including building construction and sanitation - considered
during the elaboration of its PBQP Reference Document that institutional actions should
involve all those constituting the production chain within the Quality Cycle of Civil Construction

as shown in Figure 1.




manufacture of
material

PB&P QUALITY CYCLE

Figure 1 - Quality Cycle of Civil Construction - Production Chain

In the PBQP Reference Document one of the Civil Construction strategies and actions
involving the industrial sectors was:

“To support and encourage quality assurance programs, promoted by private initiative and
involving companies, in partnership and cooperation, in a production chain including from raw
material to the final product”.

In accordance to this PBQP strateqy and related to water supply and drainage systems for
buildings PVC resin and pipe manufacturers have decided to develop the Cluality Assurance
Program for PVC Fipes and Fitlings presented below.

2 . Quality Assurance Program for PVC Pipes and Fittings within Building

The utilization of PVC pipes and fittings for cold water and drainage within buildings began in
the early 60's, increased its application during the 70's and represents nowadays the
components largely used in plumbing systems. In the early 70's there was created ASFAMAS
(Association of the Manufacturers of Sanitation Equipment and Material). It involved in its
PVC Chapter the PVC components manufacturers for water supply and drainage systems.
At that ime ASFAMAS concem was to create the first national standards together with ABNT -
Brazilian Technical Standards Association.

The increase of the use of PVC piping systems caused in the 70's and 80's a considerable
growth in the number of manufacturers. It's important to nofice that a great part of these
manufacturers were producing PVC pipes in non conformity with the national standards.
From 1983 on, the ASFAMAS in conjunction with ABIVINILA - Brazilian PVC Resin Producers
Association established a partnership of the production chain to do away with non conformity
producers and in 1989 launched the Quality Assurance Program for PVC Pipes and Fittings




within Buildings called PGQ/PVC. The picture of guality of PVC pipes sector in the year of
1989 was the following:

« manufacturers of PVC pipes for plumbing systems - approximately 80
« manufacturers associated to ASFAMAS-PVC o7
« national production of PVC pipes in non conformity 35% to 40% of the

total production

The adopted model for the PGQ/PVC is based on the concepts and on the procedures
established in ISO 9000 standards series, in particular ISO 9002 and on the models of third
party certification which was also praised by ISO. To manage the PGQ/FPYC they hired an
independent company of great technical capability, and proven credibility and acting in the
civil construction field - buildings and sanitation.

2.1 PGQ/PVC goals

The main goal of the program - to formulate a technical and management basis - enables the
manufacture of components (PVC pipes to water supply, drainage and venting for buildings)

and installation of said components with controlled characteristics in order 1o fulfill the
users/clients requirements aiming at:

« reach and maintain the gquality, according to products technical specifications, in
conformity to the users' needs;

« provide confidence to those engaged in the program that the aimed guality is being
achieved and maintained; .

« provide confidence among consumers of these products that the aimed quality is
being obtained.

2.2 PGOQ/PVC flow chart and attributions

Figure 2 presents a flow chart of the PGQ/PVC containing the entities involved:
« production chain Sector Associations - ASFAMAS-PVC and ABIVINILA
Resin / Compound Producers;
Components manufacturers (PVC pipes),
dealers and final user.

« quality management Independent company (TESIS)
Institutional Laboratory
data base and resources
and the attributions and established flow including:
« general directives - technical and administrative;
« audits sampling management, tests and results;

= sector data - qualification and issue of report;

« orentation and recommendation to the final users / clients
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Figure 2 - Flow Chart of the Program

2.3 Activities developed in PGQ/PVC

The main activities developed in the PGQ/PVC are presented below:

+ Elaboration of Technical Standards

Technical standards have been developed with the cooperation of the
companies involved in the program. The scope of these standards aimed at
national and intemational market (including MERCOSUL). They were
developed according to ABNT patterns and included:

« technical specifications of products;

« procedures of design, handling, transportation, storage and
installation;

« test methods checking the properties present in the specifications,




Elaboration of Technical and Functional Documentation of the Quality Audit
Program

Directives and standards (codes) have been developed in order to run the
program and the audit activities, including the documents below!

« documents of the responsibilities and the duties of the companies
involved in the Quality Audit Program - raw material producer, pipe
manufacturer and audit company;,

» documents to audit the quality,
. documents to engage companies that are willing to participate in the
program.
Institutional Laboratory of the Program

It is a laboratory structure that gives support to the activities proposed in the
documentation of the program.

Basic Conception:

[tis an independent strucllre wWith low—and Tatioraiized costs using-theexisting—————
laboratory resources of the companies and expanding them with the acquisition
of new equipment. The Institutional Laboratory shall be constituted by:

« laboratory equipment of the companies involved in the program that
would be used, by the independent company, in order to maintain its
neutrality;

« |aboratory equipment of the official accredited laboratory network;

« l|aboratory equipment acquired cooperatively, and installed in a
neutral location and managed by the audit company.
Irmplementation of the Quality Audit

Elaboration of the plan (annual / semestral) to implement the quality audit
involving:

« quality audit in the manufacturers of PVC pipes for water supply and
drainage for buildings;

= quality audit in the retailer / client

The results of the audit of the sector are handed to the associations
(ASFAMAS-PVC and ABIVINILA)  keeping the information secret
preserving thus the individuality of the companies.

Imstitutional Activities Program

The Institutional activities are those which present the program itself to the
official organizations and to the technical institutions including:

« create a data base of technical information, human resources and
sector data information;

« divulge the quality program in the Government Entities (Ministries and
Secretaries),




take part in the Brazilian Productivity and Quality Program - PBQP in
the field of Civil Construction Industry;

take part in the SGT-3 - MERCOSUL Technical Standardization -
CSM-9 Plastic Compenents for Civil Construction;

develop the program with ABNT - Brazilian Technical Standards
Association under the CB-02 - Brazilian Committee of Civil
Construction:

take part in the activities of interest in the area which are promoted by
entities linked to Civil Construction such as Contractors Unions, and
Engineering Institutes;

further the program and the product through Workshops and
Seminars.

2 4 PGO/PVC Documentation

The basic documentation of the program is constituted by the following texts:

s Technical Standards - ABNT and MERCOSLUL

« product specifications - 4 texts;

test methods - 22 texts;

= design and installation procedures - 2 texts.

Functional Documentation

« Program Basis - Technical conditions and responsibilities of the entities;

Basic conditions to accredit manufacturers in the Program;

» Quarterly reports of the Sector Quality - 30 texts

Technical documentalion

condition for storage and transportation of PVC pipes;

procedures to purchase and receive of PVC pipes for water supply and
drainage systems;

technical guide to quality contraol;
technical instructions to PVC pipes sampling purchase;
procedures to quality audit visits;

lot inspection criteria - Sampling plans.




2 5 Results of the implantation of the PGQ/PVC

The main result observed was a complete change in the picture of the PVC pipes quality. The
situation nowadays {April 96) can be expressed by the following data:

= manufacturers of PVC pipes for plumbing systems approximately 70

« manufacturers associated to ASFAMAS which are 16
involved in the Program

« national production of PVC pipes in non conformity £% to 8% of the
total production

A great improvement can be observed in the quality of PVC pipes with the increased number
of involved manufacturers in PGQ/PVC (from 7 in 1988 to 16 in 1936) and a large reduction in
the percentage of the non-conformity manufacturers (from 35% to 40% in 1989 to 6% to 8% in

1996).

Another important result to be mentioned is that the company focus on quality enabled
p:ttemsmaf—pe#am:ana&—astabiiﬁhed_in_the_techni;aLsiandaLdjzatiun to be improved. Said

patterns existed at the beginning of the PGQ/PVC in 1988. From 1995 onwards the standard
tests were revised and what was observed is that the technical parameters required for PVC
pipes and fittings improved significantly.

This specific type of institutional work uniting all the segments of the PVC production chain, by
the implantation of Quality Assurance Programs (PGQs) is being applied 1o other plastics
compenents for Civil Construction, When aiming at the institutionalization of the mechanisms
defined in the PGQ the CEDIPLAC - Center of Development and Documentation of Plastic
Industry to Civil Construction - was created and is herewith presented.

3. Center of Development and Documentation of the Plastics Industry to Civil
Canstruction - CEDIPLAC

The CEDIPLAC, created in 1994, is a center providing documentation and developing plastic
technologies in Civil Construction - Buildings, Sanitation and Infrastructure. It is a private non
profit organization acting through its Quality Assurance Programs (PGQ) that camry all the
production chain included in the plastic sector such as the manufacturers of components and
systems and the producers of resins and compounds in the civil construction sector, the design
and consulting companies and the contractors as well as in the institutional sector the
governmental corporations and the entities linked to the final users. CEDIPLAC's mission is to
foment the development of the plastic industry towards civil construction and this through:

+ development of plastic systems and components;
« quality of the sector and productivity improvement;
» implementation of technical standardization;

- improvement and integration of human resources;

s creation and diffusion of data bank,




3.1 CEDIPLAC and the Quality Assurance Programs

As mentioned, the CEDIPLAC bases itself on the Quality Assurance Programs (PGQ) in the
same mold and with the same development of PGQ/PVC presented in Chapter 2.

Presently the CEDIPLAC maintain Quality Assurance Programs for different products and
systems:

PGQ-1 - Quality Program for PVC Pipes and Fittings - initiated in 1989 focusing:
« water supply and drainage within buildings (PGQ/PVC})
« water distribution systems
= sewage systems

PGQ-2 - Quality Program for Building Construction Components with PVC Profiles -
initiated in 1990 focusing:

s doors and windows,

—ceiling-panels;
« sidings, elc..

PGQ-3 - Quality Program for PE Pipes and Fittings for Gaseous Fuels -initiated in
1992 and focusing:

» public systems (nets) for distribution of natural gas.
« private systems for LPG distribution.

PGQ-4 - Quality Program for Plastics Systems for Control of Losses and Water and
Energy Conservation - initiated in 1994 focusing:

« water service pipe and water metering;
« valves and sanitary appliances for water conservation.

PGQ-5 - Quality Program for Hot Water Plastic Systems - initiated in 1996 focusing:
= CPVC (PVC-C) piping systems;
« gas instantaneous water heaters of high performance(safety x efficiency).

PGQ-7 - Quality Program for PE Pipes and Components for Civil Construction -
initiated in 1895 focusing:
« water distribution systems - electrofusion and butt fusion.

Notice that PGQ-6 - Quality Program for Electricity and Telecommunication Duct Systems is
under preliminary study and shall be implanted from 1987 onwards.

Therefore CEDIPLAC's main purposes , through its Quality Assurance Programs (PGQs) are:

« increase the participation of plastic systems and compenents in the civil construction
market as well as research and development activities of the sector,




« coordinate the development of standards to plastics systems and components for
civil construction;,

« aim at the quality of the civil construction plastics products coordinating the guality
audit, developing mutual trust among manufacturers and the respect to the

CONSuUMmer,

« support the manufacturers during the implantation of the quality management
systems according to ISO 9000 senes;

« act as technical information center as well as a sector center of plastic for civil
construction answering the clients’ interests regarding quality assurance,
requirements and use of products;

« arrange agreements with universities aiming at the improvement of human resources
and training as well as better partnership in the production chain where clients are
involved in the development of products and services.

« support the efforts towards harmonization of MERCOSUL.

3-2-CEDIPLAC-and-technical standardization 0000000000

The development of standards and pattemns is one of the purposes of this Center. As a
consequence, CEDIPLAC is responsible for the Sub-Committee 111 - Plastic for Civil
Construction of the Civil Construction Brazilian committee (CB-2) from the ABNT - Brazilian
Technical Standards Association. Therefore, for a four years period, CEDIPLAC is in charge
of the Sector Standardization Plan (PNS) conceming Plastic in Civil Construction. This task
includes the establishment of study commissions, the elaboration and revision of texts and the

standardization process planning activities.

CEDIPLAC has developed, so far, through its PGQs, 22 specification of product lines and
components as well as 90 test methods and 17 procedures of design and installation of
system's. Those standards were conceived in accordance to the principle of integrated
groups of texts (procedures, specification and test methods) rendering the investigation task
easier and showing that the system and its respective product line were standardized
systemically.

CEDIPLAC also takes part in the Mercosul standardization process associating since 1980
Argentina, Brazil, Paraguay and Uruguay and more recently Chile. The MERCOSUL
Standardization Committee (CMN) was created in 1992 constituted by the National
Standardization Entities - (ABNT for Brazil), developing its role through the Mercosul Sector
Committees (CSM). The CSM represents the industrial segments of the society and aim at
the establishrment of standardization programs and the management of the harmonization and
elaboration processes of technical standards.

CEDIFLAC is in charge of CSM - 8 Mercosul Sector Committee - 9 - Plastics for Civil
Construction since 1996 as well as the Brazilian standardization committee. The CSM-9 initial
scope is the elaboration and harmonization of 9 procedures (design and execution of
systems), 8 specifications of product line and 45 test methods, involving mainly PVC pipes and
fitting; PE pipes and fittings and PVYC-C pipes and fittings.

So far CMN have approved 4 test methods which are now validated as Mercosul Technical
Standards.




3.3 CEDIPLAC research and development

CEDIPLAC's way of acting - through its PGQs - involving plastic production chain for Civil
construction - helped to create a favorable environment for institutional actions, for cooperative
research and development of system projects aiming at the broadening of the market.

Taking this into aceount, CEDIPLAC, in association of 3 companies participants of the
PGQ/PVC and the Escola Politecnica of the University of S3o0 Paulo (EPUSP) agreed (late in
1995) to create and implant a “Center of Research and Development of 100% Plastic
Sewerage System”. This center is constituted of a hu:ldmg in an area of approximately 600m2
and a laboratory with an area of approximately 1300m?, both linked to the Building Systems
Laboratory at EPUSP. The activities to be developed in th15 Center include:

= establishment of design models and dimensioning of the sewerage system 100%
plastic - experimental survey of technical parameters;

« technical development of the sewerage system components - substitution of
manholes by simpler plastic devices;

« development of cleaning techniqgue and maintenance by means of hidrojet

equipment;
« training program for engineers and technicians;

« elaboration of technical documentation, base of design and execution of 100%
plastic sewerage system.

This center is being build and plans foresees that it will operate by the first semester of 1997.

4 Final Comments

The involvement in partnership and cooperation of this production chain in the develepment of
Sectors Quality Programs resulted in rise in quality of the products and in the increase of
productivity in the production and installation processes. The results obtained through the
implantation of the PGCs and the institutionalization of CEDIPLAC in the 80's can be resumed

as follows:

- evolution of the plastic components for civil construction with the reduction of
products manufactured outside of the standard pattems and the improvement of
production processes - vertical quality;

« coordination of the plastic sector defining the actual needs in relation to components
and process development produced by other industrial sectors but interacting with
the plastics systems, for instance hidrojet equipment, hydraulic valves, water
heaters, etc. - horizontal quality;

« creation of an institutional environment in order to develop cooperative and
integrated works aiming at the increase of the plastic market share for civil

construction - sector competitivity,

Thus, it can be observed that the tendency of the Brazilian model is the consolidation of this
model of work with the strengthening of the production chain acting in partnership aiming at
vertical quality as well as the evolution of the coordinated herizontal quality.
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The Introduction of 1IS0-9000 Quality Assurance Systems for Plumbing
and Heating Contractors or: ,,Coaching is the Magic Word!“

A review of the Swiss building market, with special consideration given to the heating
and plumbing trades, and their quality control problems

A paper by Jay Tester, technical adviser with the Swiss Piumbing Contractors Association

(S5IV), Zurich, Switzerland.
Not all figures are included in this paper due lo copyright problems.

The ability to play a piano concerto from Tschaikowsky, Rachmaninow or Ravel from memory,

has some parallels to 2 system; whose aim is 1o ensure thequality of customer SETVicEs:
Howaver, instead of ascending 1o the delights of classical music, let us first descend into the
depths of the Swiss building market, which is cumrently at an all time low.

Poor Switzerland

In a referendum held in 1992, Swiss voters rejected the entry of Switzerland into the internal
European Market, and thus, to all intent and purpose, into the European Union. Practically
speaking, Switzerland is an isolated island in the heart of Europe, just as we were during the
Second Werld War. As opposed to those days, when our nation was entitled the ,Land of the
Blessed", we are today rather more amusingly seen as ,The Country which is continually misses
the Boat". Swiss Industry is currently shutting up shop at home and reopening again in
sumounding countries, or even overseas including Asia. Hundreds of thousands of Swiss jobs
were outsourced to new production facilities and reports of redundancies and works-closures
beginning to be just as much a part of the news as the daily weather forecasts. The exit of
industry from the country has lead to the situation of no new building construction being required
for trade and industry, and there are regular headlines of the type ,Number of Building Permits is
continues to decline® in the Swiss press. As if this were not enough, the house building market
has recently threatened to collapse, because demand has already been satisfied.

The Swiss building industry now finds fiself at the beginning of a fundamental crisis and it is
agreed that a considerable number of firms will be bidding farewell to business life. The only
organization to survive, will be those that are successful in maintaining the long term guality of
their services at a high level. In the face of increasingly hostile competition, only the most
eflective and customer-oriented organizations are going to survive (slide).




Continuous Improvement

The successiul organization of the future will be one that is fully aware of its strengths and
weaknesses and reacts to these with a clearly defined corporate strategy. On the basis of a
realistic sef-analyses the requisite corrective measures will be introduced in good time and far-
reaching goals and sights are defined. An organization without any form of business sirategy wil
stagaer from experience to experience, like a punch-drunk boxer shortly before the final
knockout blow.

One-dimensional technically criented organizations are going to find it difficult in the future,
because, as a result of their unilateral focusing, they will with cerainty fail to notice relevant
social changes.

~—=—=————Autocratically managed-organizations, whose chietexecutive-is of the-opinion-thathe-knows—————
better than his workforce, are increasingly exposed to recruitment problems, because the young
peaple of today no longer appreciate this style of management. Required is a workforce oriented
management style, where highly motivated teams of colleagues can be built up. The entire
workforce should consist of self-directed work-teams that are fully responsible for the results of
their work. The successiul crganization will have a process of ongoing development within a
culture of continuos improvement. Creativity is systematic and the methed for survival; the sole
constant is unremitting innovation and adjustment.

The successiul organization will possesses an advanced system of quality assurance, to assist
in meeting increased customer requirements.

Advanced Quality Assurance Systems

Advanced quality assurance systems do not just emerge from the .straight-jackets” introduced
by soma written standards; they are developed and adopted by the workiorce as a whole and
are build up by innovative, flexible, open, perlormance-criented and committed workforce-
teams. The chief executive of a company with an advanced quality assurance systems restrict
himself to management tasks and only provide assistance when a member of the workforce has
difficutty in fulfilling his assignments. Coaching is the magic Word! The modern entreprengur
directs his organizalion in the same way as a coach runs his team of foatball players. The chief
executive delegates authority to his workforce, but he expects commitment and personal
responsibility from every individual on the other hand..

Markeling

Professional marketing concepts are new for organizations within the building industry, and
rather unusual. In the face of less binding customer loyalty, active sales will become more and
more important. Professional marketing concepls are therefore part of advanced QM-Systems.
A company news paper and a brochure for new services are some parts out of a professional
marketing concept (samples available).




Customers / Workforce

It is important to be awars of the requirements and opinions of both customers and the
worklorce. Organizations with advanced quality assurance systems are in possession of a tool,
which will enable the requisite information to be collected. In order to illustrate this more clearly,
an example is shown of a typical workforce questionnaire and its graphic evaluation (slides).

Advanced Training

The advanced training of the workforce in the building industry is should include not only
exhaustive training in technical skills, but also in management and interpersanal skills as team-
building, group behavior and psychology, ete. For example, several organizations consider it

{j5&fl to give thieir fitiers a coorse in publicspeaking (communication skills); as they know that—

benefits can be obtained in practice from their workforce demonstrating self confidence with

customers, site managers and architects.
A training program checklist of a small firm with a workforce of seventeen, where consideration

was given to making the training measurable is shown as an example of new ideas (slide).

Descriptions of working procedures

Technical instructions and the painstaking descriptions of working practices, as well as their
complete documentation, and therefore retro-traceability continue to remain an important
mainstay in quality assurance (slides).

New Trends / New Services

A new aspect is an intensive pre-occupation with the secial and technical environment. Only
those, who are capable of recognizing trends at an early slage, will be able to protect
themselves from wrong decisions. As an example, the following thoughts: In the face of the
increasing number of .zero energy” houses, which require no conventional heating system,
contractors should consider, whether it might not be sensible to build up a second business-
area dealing with building cadding or alternative energy equipment. Additional and profitable
fields of activity are also opening up in the booming infrastructure technologies of control and
safety facilities.
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Environment

A new aspect is the continual precccupation with the effects of the crganization activities upon
the environment. Society is already moving towards demanding that manufacturing industries
should be macde responsible for the damage they inflict upon the environment. In the building
industry, institutional employers, insurance companies, banks are the organizations beginning to
make such requirements too and demanding tenderers to show evidence of operating an
ervironmental management system. As an example, a graph is shown of Switzerland's first 1ISO
14000 certified plumbing contraclor (25 employees), which has set itself the larget, of making
savings of 1,000 litres of fuel in 1987. The dark gray areas indicate the saving which will be
achieved, whilst the light areas show the burden remaining on the environment.

Is 1S0-9000 sufficient?

The aspects discussed previously go far beyond the basic requirements of 150-8000. Cynics
have even suggasled, that 1S0-8000 is so rudimentary in its layout, that it is possible to produce
_certified rubbish® without the intervention of anybody, as long as the business records can be
traced back over a number of years. The formal quality management assurance requirements of
the type laid down in 1SO-8000 therefore fail to satisfy future needs. The future belongs only to
quality assurance systems applied with total commitment.

SSIV-Activilies

In collaboration with external consultants, SSIV has developed an advanced quality assurance
system in which all the requirements described above are covered.

The system is lermed Integrated Quality Managemant System or IQM-System. The patented
Logo (slide) is intended to show the human being (red stripe), technology ( blue stripe),
environment (green stripe). The symbol of a smiling face expresses the idea that high quality
can rather be achieved by happy people.

Although QM is constructed quite differently to 1ISO-8000 and 1SO-14000, but it complies with
their requirements in every aspect.

Intreduction of IGM-Syslems

A certain number of Swiss heating and plumbing contractors already operate a quality
assurance system. Nevertheless, they represent a minority of the total number of heating and
plumbing contractors. The word minority" tends to have a somewhat ,negative” aspect, and
reference should perhaps be made, to 2 small but fine elite”.

In the case of those organizations that have introduced a comprehensive, integrated an IQM-
System, it has been possible to determine the following considerable changes.




Workforce Climate
All organizations report evidence of a far better attitude in the workforee; and that the

relationship between management and workforce is betier balanced than previously. In addition,
the relationships between the organizalion, its suppliers, customers and architects - i.e. all
oulside contacts - are considerably improved, and friction and frustration in the daily course of
business, have reduced.

Damages Statistics
All firms are of the opinion, that there is enormous potential for avoiding or reducing defects and

damage. For this reason claim statistics have been established. In this regard, it is assumed that

damages have arisen, when the claim exceeds 100 Dollars. This would be the case for

example, when two workmen have to wait half an hour for a supplier. Total annual figures of

e e {5'000-and 200'000 Dollars-of-damages-have-been recorded and savings ofhalf of these sums — —————
have been achieved.

Capilal Investment
When quality assurance were first introduced into the healing and plumbing trades in

Switzerland (1993), it was assumed that the costs would not be less then 80'000 Dollars. The
standardization and optimization of the procedure have today brought down the costs to 20'000
Dollars, However, these figures do not include the internal costs due to time the workiorce put
into the build up of a quality assurance system. A rule of thumb is, that internal costs run at
about double that of external costs. On this basis, we are talking today of an overall capital
investment figure of between 60'000 and 80'000 Dollars.

Pay-back

All organizations queslioned, including all those possessing extremely expensive assurance
systems, report that they had assumed that the capital investment could be paid back within
time periods ranging from one to three years tading.

Owmners / Managers
When chief executive or managing directors are questioned as to whether the efforts have paid-

off, they usually produce a saintly look, and the efiects of the enomous work and emotional
stress, to which they were exposed during the introduction of the quality assurance system, can
be read off their faces. As in the case on an alpine climber, who has to pause for breath once he
has reached the summit, satistaction is only experienced after the passage of time, However,
after that, there is just no holding these people, and sometimes the impression s given of a
missionary preacher, intent of spreading some new religion.




Is an Advanced or Integrated Quality Assurance System needed?

This question now brings us round full circle. We have arrived back at the point where an
explanation should be given of the connection between the ability to play a piano concerto
faultlessly and a quality assurance system.

There are three parallels.

1. The listener fo a piano concerto demands a quality performance; in just the same way as
any consumer of any type of service. The pianistis in a position to satisfy this demand or
not; in exactly the same way as the management of a heating and plumbing contractor and
its workforce are able, to provide a high dagree of quality, or not.

2. The planist began his profession quite small, and in his initial years clung desperately o the

- e ————————Cxmajor keyonthe-white-keys; without having-the slightestidea-of the-millions of pessibilities ———

opened up by using the whole tonal system with its muttitude of triads and scales.
Organizations having an quality assurance system focused to the pure 1S0-8000 only,
represent pupil pianists, ranging up and down the C-major scale, using only the white notes,
without benefiting from the additional possibilities, that an advanced or integrated quality
assurance system is able to provide.

3. The pianist needs to keep a piace of sheet music in front of his eyes for several years,
before he is capable reproducing the most complicated of pieces in his mind, and to be able
to play them by heart, free from erors. This is also typical of an organization wherg the
instructions, check lists, process descriptions etc., need to be used many times, before being
able knowing all these things by heart, and fo be able to ~=cite them whilst sleeping.

Coming back to the initial question:

Do companias in the building industry need a quality assur 2 system?

The answer is: Yes!

Do such organizations need an advanced or integrated quality assurance system?

The answer is: Who wants to play in C-major key only?
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MENSCH TECHNIK UMWELT

Integrale Qualitat vom Meisterbetri

Ihre Arbeitszufriedenheit

Geben Sie bitte an, wie zufrieden Sie mil lhrer Arbeil sind, und wie wichtig die einzelnen Bereiche fir
Ihre Arbeitszufriedenheil sind.

Zufriedenhait Wichtighkeit
12 3 4 a becd
1. Arbeilsbedingungen (Umfald, Ausstattung) ooon 000
2. Arbeitsorganisation oooano oooao
3. Arbeitsplatzsicherheit OOooo Bg:aa
— 4 Arbeitszeitregelung-— ———————— ————-—B-8-8-0————0-0J-0-0 -
5. Betriebsklima ooOoD Oo0o0
6. Entscheidungs- und Handlungsspielraum Opoo0o ogooo
7. Ansehen des Verbandes DOOO oo00o
8. Fort- und Weiterbildungsmbglichkeiten DOoOO0O ogooo
9. Lohn/Einkommen ocooo oDOoOD
10, Information Riiesiaia oooDo
11. Aufstiegsmoglichkeiten ooono ocooo
12. Kollegen ooOo0ond oooo
13. Leistungsbeurteilung I E OoOoon
14. Méglichkeit, meine Fahigkeiten einzubringen 0000 0000
15, Qualitét der Arbeit oooo ooono
16. Vorgesetzie gooo gooao
1= sehr unzufrieden &= unwichlig
2= unzufrieden b= wenig wichlig
3= zufrieden = wichtig

4= sehr zufrieden d= sehr wichlig

Wie beurleilen Sie thre Arbeitszufriedenheit insgesamt: O sehr unzufrieden
O unzufrieden
O zufrieden
O sehr zufrieden

lhre Meinung interessiert uns!
Deshalb nochmals vielen Denk, dass Sie bis zum Schluss durchgehatien haben.
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Ihre Arbeitszufriedenheit
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Budgeﬁérte Umweltleistung in Kilo

Basis: Einsparung von 1'000 | Benzin im Jahr (= 10% des Veerbrauchs)

© Hunziker + Co. 5anitdre Anfagen, CH-84711 Wrnterthur

a 2'300 kg CO; (Kohlendioxyd)

b 20 kg CO (Kohlenmonoxyd)
mit Katalisator-Fahrzeugen

¢ 2 kg HC (Kohlenwasserstoff)
d 1,5 kg NOy (Stickoxyde)

Zum Vergleich
e 65 kg Mensch
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