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14. Design of plumbing systems
for multi-storey buildings

For plumbing purposes, the term “multi-storey™ is applied to buildings that are
t00 tall to be supplied throughout by the normal pressure in the public water
mains. These buildings have particular needs in the design of their sanitary
drainage and venting systems. Water main supply pressures of 8-12 metres (25—
40 feet) can supply a typical two-storey building, but higher buildings may need
pressure booster systems. In hilly areas, the drinking-water supply pressures
will vary depending on the ground elevation. In these cases, the water authority
may have to specify arcas where particular supply pressures can be relied upon
for the design and operation of buildings. Where a building of three or more
storeys is proposed a certificate should be obtained from the drinking-water
supply authority guaranteeing that the present and future public drinking-water
supply pressure will be adequate to serve the building. If the public water
pressure is inadequate, suitable means shall be provided within the building to
boost the water pressure.

141 Systems for boosting water pressure
Pressure-boosting systems can be of several ditferent types:

e pumping from a ground level or basement gravity tank to a gravity roof
tank;

e pumping from a gravity storage tank or public water main into a hydro-
pneumatic pressure tank that uses captive air pressure to provide adequate
drinking-water supply pressure;

e installation of booster pump sets consisting of multiple staged pumps or
variable speed pumps that draw water directly from a gravity storage tank
or the public water main. Multistage booster pump scts typically include
discharge pressure regulating valves to maintain a constant drinking-water

supply pressure.

Written approval should be obtained from the appropriate authority betore any
pump or booster is connected to the supply. Where booster pump sets are
permitted to draw directly from public water mains, the public drinking-water
supply must be adequate to meet the peak demands of all buildings in the area.
Otherwise, there is a high risk of backflow and subsequent contamination of the
mains from buildings not equipped with a booster pump. Building booster

n
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pumps are not a solution to the problem of inadequate drinking-water supply.
Where public drinking-water supply systems are overburdened and cannot pro-
vide adequate pressure on a continuous basis, water must be stored on site during
periods when adequate pressure is available to fill a gravity storage tank. The size
ot the storage tank will vary according to the daily water demand of the build-
ing, and the availability of adequate pressure available in the public water mains.
[t should not be excessively oversized to avoid stagnation due to inadequate
turnover.

Multi-storey buildings can usually be divided into zones of water pressure
control. The lower two to three storeys can generally be supplied directly from
the pressure in the public water main. Upper storeys, usually in groups of five to
cight storeys, can be supplied from pressure-boosted main risers through a
pressure reduction valve for each group. Systems can be up-fed or down-fed.
Up-fed systems usually originate from a pressure booster pump set or hydro-
pneumatic tank in the basement of the building. Down-fed systems usually
originate from a rooftop gravity tank. Where a building is divided into water
pressure zones, care must be taken not to cross-connect the piping between two
or more zones. This is a particular problem when domestic hot water is recircu-
lated from a central supply system.

Where hydropneumatic tanks are used for storage, the tank is filled to one
third to a half full by a float level device that controls the drinking-water supply
source (a well pump or pressure booster pump). The pressure is maintained at the
desired operating level by an air compressor. As the building uses water from the
tank, the water level and air pressure drop. When the water level drops to the
“on” setting of the float level control, the well pump or booster pump starts and
raises the water level in the tank to the “off” level. This restores the pressure in
the tank. If some of the captive air above the water has been absorbed by the
water, the air compressor starts and restores the air charge, raising the system
pressure to the normal level. Hydropneumatic tanks are typically made of steel
or fibreglass and must be rated for the system operating pressure. Steel tanks
must have a protective coating of suitable composition for drinking-water
contact on the inside to protect the tank from corrosion and avoid contaminating
the water. They should be checked on a regular basis to ensure that the protective
coating is intact and the water remains potable.

Smaller hydropneumatic tanks can also be used to help control pressure
booster pumps, allowing them to be cycled on and off by a pressure switch. The
captive air within the tank keeps the system pressurized while the pump is off.
When the water pressure drops to the “on” pressure setting, the pump starts and
raises the volume and pressure of the water in the tank. No air compressor is
nceded where tanks have a flexible diaphragm between the air and the water in
the tank, charged with air at initial start-up. The size of pressure tanks for
booster pumps must match the capacity of the pump and the peak system
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14. DESIGN OF PLUMBING SYSTEMS FOR MULTI-STOREY BUILDINGS

demand so that the pump “off” cycle is longer than the “on” cycle and the pump
does not cycle too frequently.

14.2 Drainage systems

14.2.1 Drainage system considerations

In the drainage system for a multi-storey building, the drains from the plumbing
fixtures are connected to vertical drain stacks that convey the waste and sewage
to below the lowest floor of the building. The fixture drain traps must be vented
to prevent their water trap seal from being siphoned by negative pressure or
blown out by positive pressure in the drain piping. The fixture vent pipes must
extend through the roof to outdoors. They can be run individually or be
combined into one or more vents through the roof. Where buildings are over 10
storeys high, the drainage stacks require relief vent connections at specified
intervals from the top, and connected to a vent stack that terminates above the
roof. This relieves and equalizes the pressure in the drainage stack to maintain
the water seal in traps serving plumbing fixtures.

Wherever possible, the sanitary drainage system from a building should
discharge to the public sewer by gravity. All plumbing fixtures located below
ground level should be pumped into the public sewer or the drainage system
leading to the sewer. The pump line should be as short as possible and looped up
to a point not less than 0.6 metres (24 inches) above ground level to prevent back-
siphonage of sewage. The pump discharge rate should be controlled so as not to
cause scouring of the internal bore of the pump line or the drainage or sewer
system into which it discharges. High-velocity discharge rates may also cause
the flooding of adjoining plumbing fixtures or overloading of the sewer itself.
The sump pits for sewage pumps must have sealed covers, be vented to outdoors
and have automatic level controls and alarms. Sewage pumps in multiple dwell-
ings and in multi-storey dwellings should be duplex, with each pump having
100% of the required pumping capacity for the building. Alternatively, an
approved vacuum drainage system may be considered.

14.2.2 Vacuum drainage systems
In a vacuum drainage system, the differential pressure between the atmosphere
and the vacuum becomes the driving force that propels the wastewater towards
the vacuum station. Table 14.1 provides a summary of the advantages and disad-
vantages of vacuum drainage systems. Table 14.2 provides information on
specific installation and operation requirements. Vacuum drainage systems
should be considered when one or more of the following conditions exist:

e water shortage;

¢ limited sewerage capacity;

o where separation of black water and greywater is desired;

o where drainage by gravity becomes impractical;
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TABLE 14.1 ADVANTAGES AND DISADVANTAGES OF VACUUM SYSTEMS (VERSUS GRAVITY SYSTEMS)

Advantages

Disadvantages

Low installation costs

Environmentally safe

Electrical power only required at vacuum station

Always self-cleansing

No possibility of vermin in pipelines

Possible water-saving technique if vacuum toilets used

High water velocities prevent deposits in pipework

Minimal risk of leakage

Can use small-diameter lightweight pipes that can
be installed without a continuous fall

Vertical lifts are possible

Ability to easily separate greywater and black water

High turnaround time - no need for cistern to refill
for subsequent flushes

High component costs

Mechanical components - possibility of failure

Skilled design, installation and maintenance required

Reqular maintenance required

Standby facilities required

Require area for situation of vacuum tanks and vacuum
generation equipment

High-velocity water may cause transient plumbing noise

TABLE 14.2 COMPARISON OF INSTALLATION AND OPERATION REQUIREMENTS OF DRAINAGE SYSTEMS

Parameter

Conventional (gravity)

Conventional (pumped)

Vacuum

Pipe size (mm)

Branches 32-100
Stacks 100-150

l;i-;).eline gradient

To afall

Branches 32-100
Stacks 100-150

Discharge from valves 32-50
Service connection 38-90

Toafall

Flexible arrangements, with

minimal gradients or saw
tooth profile. Vertical upward
flow sections lifts can be used

Maintenance
requirements

Negligible, on]y after
abuse or blockage

Regular planned
servicing of pumps and
interface units

Regular, planned servicing of R

pumps and interface units

Energy requirements

At time of installation

At time of installation and
throughout lifetime of
building

Attime of installation and
throughout lifetime of
building

Retrofit or extension of
system within building

May be difficult to accom-
modate pipework and falls

May require additional
pumps

Flexible layout makes instal-
lation simple

Conventional water
consumption W(s

7.5 litre flush WC

7.5 ltre flush WC

NA

Low water
consumption W(s

6 litre flush WCs

6 fitre flush W(s

1.5-3 litre flush vacuum
toilets

Loading of sewerage
system

Dependent upon
appliances installed

Dependent on pumping
rate

Discharge from forward—i}iav“
pumps can be timed to
coincide with low-flow periods

NA: not applicable.
Source: BRE 2001 (p. 3)
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e in penal installations where isolation and control of the appliances is neces-
sary to prevent concealment of weapons and drugs;
¢ unstable soil or flat terrain;
o where a high water table exists;
* in hospitals, hotels, office buildings or other areas where congested usage
occurs, and flexibility in pipe routing is required to drain appliances;
e restricted construction conditions;
¢ building refurbishment.
When conventional gravity drainage systems are extended, as in refurbishment
work, the existing gravity drainage system can be fed into the vacuum drainage
system. This may be achieved by the use of a sump into which the wastewater
from the gravity system drains. When sufficient water has accumulated in the
sump, an interface valve will open allowing the wastewater to enter the vacuum
drainage svstem. This arrangement can also be used to collect rainwater or as an
interface between a building with conventional drainage and a vacuum sewer.
The collection arrangements and the small-bore pipework of vacuum drain-
age systems provide the possibility of casily separating greywater and black
water. This would be of particular advantage if sewerage capacity was limited, as
the greywater could be run to a watercourse after appropriate treatment.

14.3 Hot water and other dual supply systems

Dual drinking-water supply systems are those in which two different grades of
water are available in separate piping systems. An example is the provision of a
tap at a sink supplying water directly from the incoming water service while all
other fixtures are fed from a storage tank. In developed countries, the most
common is a secondary system of piping carrying hot water to sink, washbasin
and bath. Occasionally a water softener is installed to treat part of a domestic
system, but apart from these cases dual drinking-water supply systems are rarely
found within single dwellings. An approach to water conservation being
introduced in some communities is to recvcle greywater to an outside tap for
irrigation uses. A principal concern of all dual systems is the assurance that no

cross-connections have occurred during installation or repair.

1431 Hot water systems

Correct installation of non-return devices will prevent hot water from entering
the cold water system in the event of an interruption of pressure. Regulations
controlling the delivery of hot water from a hot water vessel may require tem-
pered or thermostatically controlled water in all ablution areas, aged persons’
homes, hospitals, schools and other public places, and use of thermostatically
controlled mixing valves is encouraged where practicable. The acceptable tem-
perature of hot water systems at the tap should be determined in concert with
public health officials. To avoid scalding, especially of children, and in hospitals
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and aged persons’ homes, lower temperatures may be necessary. On the other
hand, growth of Legionella organisms is reduced at temperatures above 50 C,
and this is a particular concern in hospitals and other large buildings such as
hotels (see sections 3.1.4 and 3.3.1) (IPHE 2005).

Buildings such as hospitals, hotels, multiple dwellings and schools require
large quantities of water to be heated, stored and distributed. Heating is usually
carried out by a separate boiler, a steam coil or a heat exchange from a central
heating or other system, and the temperature is normally controlled to within
fairly narrow limits, 60 °C being an average temperature setting in some coun-
tries. Thermostatic devices should be installed to cut off the incoming heat
source should the water in the storage vessel become excessively hot, and
pressure relief valves should also be provided. Both these safety devices should
be set in such a way that audible or visible warning is given whenever they come
into operation. Heating and storage vessels should be clearly marked with their
safe working pressure limits, and gauges should be fitted to enable a regular
check to be made that those limits are being observed. Water heaters for the
supply of hot water should always be installed strictly in accordance with the
manufacturer’s written instructions.

For reasons of safety, the water heater must be fitted with a combination
temperature and pressure relief safety valve at the top of the unit prior to the
commissioning of a mains or high-pressure water heater. To achieve this, a
pressure relief safety valve must be fitted in the inlet or cold drinking-water
supply pipework. The temperature and pressure settings of the respective safety
valves should be specified by the manufacturer in accordance with the design
capabilities of the specified water heater. The pressure setting for the pressure
relief valve should be lower than the pressure setting for the combination
temperature and pressure relief valve so that as the water heats up in the storage
vessel and expands, the additional or excess volume is gently expelled from the
lower and colder section of the water heater through the pressure relief safety
valve. Where the available drinking-water supply pressure exceeds the upper
limits of the pressure relief safety valve it is necessary to install a pressure
reduction valve, appropriate to the pressure ratings involved, immediately after
the isolation valve to the water heater and before the non-return valve. In some
cases, it may be preferable to lower the drinking-water supply pressure to the
whole system to avoid pressure imbalance in the hot and cold drinking-water
supply systems. In these cases, the pressure reduction valve could be installed in
the cold drinking-water supply pipework before it enters the building.

Low-pressure water heaters must not be pressurized beyond normal localized
atmospheric conditions within the operating parameters of the manufacturer’s
specification. Equalizing the drinking-water supply pressure in a particular
fitting (such as a shower) with the whole system is a little more complicated but
it can be done by taking off a dedicated cold water service line from the
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drinking-water supply tank to the heater unit. Depending on the capacity of the
cold water distribution system, a separate supply tank may be required to avoid
depleting the dedicated cold drinking-water supply tank serving the hot water
system. The hot water system that 1s not considered potable should never be
allowed to enter the cold water cistern (see section 12.2).

14.3.2 Other dual supply systems

Multiple dwellings and multi-storey buildings may have fire protection systems
such as sprinkler variety systems or high-pressure mains and hydrants. Indus-
trial and commercial establishments may have one or more systems of piping.
These may carry cooling or process water from a secondary source or mains
water that has been specially treated for the purpose.

When one component of the dual system has been derived from another
source, or when 1t carries mains water that has been treated, heated or stored, it
is essential that the non-mains component is not allowed to reconnect with the
mains water. Drinking-water supply systems should be designed, installed and
maintained so as to prevent contaminants from being introduced into the drinking-
water supply system. Water of drinking-water quality should be supplied to
plumbing fixtures or outlets for human consumption, bathing, food preparation
and utensil or clothes washing. Where water supplied from one source is con-
nected to another water source, an appropriate backflow prevention device should
be fitted and the installation should be registered with the water supplier.

Systems that permit the introduction of any foreign substance into the water
service should not be connected directly or indirectly to any part of the drinking-
water supply system. This includes systems for fire protection, garden watering
and irrigation, or any temporary attachment to the water service. This can only
be done with backflow prevention and cross-connection control devices.

Combined tanks storing potable water alongside water for other purposes
should have a double partition wall installed internally to separate the two
supplies. The space between the partition walls should be arranged to ensure that
any leakage cannot enter the other compartment of the tank. To achieve this, an
external drainage point should be provided from the bottom of the void or space
so that any discharge or leak is readily noticed.

14.4 Water storage vessels

Separate water storage vessels are an integral part of many dual supply systems.
This section deals with requirements for the storage of water supplied from the
water main or other drinking-water sources. In the design of these systems, it is
important to ensure that the required air gap is established between the drinking-
water supply inlet and the overflow spill level of the fixture.

Water storage tanks are appropriate for use in the following circumstances:
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