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by Jim Beveridge, P. Eng.

Vancouver, British Columbia, is a modern 
city of 2 million people sitting on the edge of the Straight of 
Georgia (connected to the Paci!c Ocean) to the west, set 
against a backdrop of the Coast Range Mountains to the north, 
and bound by the United States border to the south. "ese 
geographical constraints, along with steady population growth, 
have resulted in the engineering and construction of literally 
hundreds of high-rise buildings, including o#ce buildings, 
hotels, apartments, condominiums, and multiuse high rises.
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I have designed several high-rise building projects over 
the past two decades and am the plumbing engineer of 
record for two current high-rise building projects located 
in Vancouver. Woodwards is a $250 million landmark mul-
tiuse redevelopment project on the edge of the city core 
that includes a 42-story residential condominium high rise 
plus a 36-story residential condominium tower. !e project 
also includes commercial retail spaces, government o"ce 
levels, social housing, a food store, a university perform-
ing arts center, daycare facilities, and two levels of under-
ground parking covering the entire city block. A second 
project, 1133 West Georgia Street in the heart of the down-
town core, is a 58-story #ve-star hotel and condominium 
high-rise building. !ese prestigious projects, each with 
water and mountain views from the upper levels, will sell 
for well over $1 million per condominium unit.

Providing domestic cold and hot water to the upper 
$oors is a fundamental requirement and provides the main 
challenge for the plumbing system engineer for a high-rise 
building project. Many parameters must be considered 
and many possible solutions exist. !e engineer must 
consider building height, available municipal water pres-
sure, pressure requirements not only at the upper $oor but 
also throughout the building, $ow demand, booster pump 
capacity and control, pipe and valve materials, riser loca-
tions, pressure zones, pressure-regulating stations, water 
heater storage capacity and recovery, water heater loca-
tions, domestic hot water circulation or pipe temperature 
maintenance, space requirements in the building, eco-
nomics, energy e"ciency, and acoustics.

!e primary role of the project plumbing engineer is to 
determine the overall design solution that addresses the 
technical, physical, and economic aspects of the project, 
complies with the requirements of local codes, and meets 
or exceeds the client’s expectations.

Technical input regarding booster pumping equipment 
options and costs and domestic water heater equipment 
options and costs was obtained from local manufacturer’s 
reps. In addition, input on the construction costs associated 
with some of the various piping options was obtained during 
value engineering meetings with local trade contractors.

DOMESTIC WATER PRESSURES
Water pressures must be established for all points in the 

domestic cold and hot water systems. !e #rst require-
ment is to obtain water pressure information from the 
local water utility company. Water pressure information 
is determined either by #eld measurement while $ow 
testing at two #re hydrants in the vicinity of the project 
site or utilizing a dynamic computerized $ow simulation 
program. Water pressure information should be provided 
to the project engineer as the winter, or maximum, static 
pressure, and the summer, or minimum, residual pressure 
at a designated $ow rate. !e maximum water pressure 
information is necessary, as it determines whether pres-
sure-reducing valves are required for the lower levels of 
the project served directly by municipal pressure. Mini-
mum water pressure information is necessary for sizing 
the domestic water booster pumps to serve the upper 
levels of the building.

Information generated by computer simulation can be 
advantageous, as it can be designed to account for future 
developments in the area, future upgrades to the munici-
pal water system such as looped systems, and long-term 
deterioration of pipe capacity. !e water pressures pro-
vided by the municipality for the hotel and condominium 
project are 120 pounds per square inch (825 kilopascals) 
winter static and 95 psi (650 kPa) at 1,000 gallons per 
minute $ow (3,780 liters per minute $ow) summer resid-
ual pressure. !e engineer should consider reducing the 
minimum water supply pressure information by 10 psi (70 
kPa) or 10 percent to account for other unknowns, future 
variations in the system, or changes to the piping con#gu-
ration during installation. For this project, the minimum 
available municipal design pressure is 85 psi (585 kPa).

!e second requirement is to account for pressure losses 
from the municipal water connection to the building’s 
water supply system booster pumps, including premise iso-
lation back$ow prevention devices, water meters, strainers, 
valves, and pipe losses. For this project, these losses are 10 
psi (70 kPa), leaving 75 psi (515 kPa) available at the base of 
the system at the inlet to the pressure booster pumps.

!e next requirement is to establish the residual water 
pressure required at the plumbing #xtures in the upper 
levels of the project. Plumbing codes and the ASPE Data 
Book generally state the minimum water pressure at a #x-
ture other than $ush valves to be 15 psi (105 kPa) or even 
less! However, the occupants for this project and many other 
high-rise condominiums will be people paying $1 million 
or more for a condominium who may be moving from a 
single-family home where the water pressure was 50 psi 
(345 kPa) or more. In hotels where upper-level suites with 
panoramic ocean and mountain views command several 
hundreds of dollars per night, the guests similarly will be 
expecting good water pressure. I recommend a minimum 
of 40 psi (275 kPa) at the upper levels for these projects.

Plumbing code restrictions and ASPE Data Book recom-
mendations limit the maximum water pressure at a plumb-
ing #xture to 80 psi (550 kPa). !is pressure comes into 
e%ect when we look at pressure zones within the building 
as later discussed.

Next, the static pressure of the system must be determined. 
!is is the largest pressure component in most high-rise 
project designs and is the water pressure that occurs based 
on the height of the piping system from the connection to 
the municipal water main to the highest plumbing #xture. 
!ere is a 0.433-psi (2.98-kPa) static pressure change for 
each foot of elevation change. For this 58-story project, the 
static pressure di%erential is 190 psi (1,310 kPa).

!e last pressure that needs to be calculated is the fric-
tion loss that results from water $owing through the piping 
system, which is a function of pipe length, pipe diameter, 
velocity, volumetric $ow in gpm (Lpm), pipe material rough-
ness coe"cient, and viscosity. (However, most pipe friction 
loss tables are based on potable water; therefore, viscosity 
does not need to be adjusted.) For this project, the friction 
head is 10 psi (70 kPa). Water velocities were restricted to 5 
feet per second (1.5 meters per second) for cold water and 4 
fps (1.2 m/s) for hot water and recirculation piping.
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!e pressure required to be generated by the domestic 
water booster pumps at the base of the plumbing system now 
can be calculated:

Residual pressure at the highest "xture (40 psi [275 
kPa]) + Static pressure (190 psi [1,310 kPa]) + Friction losses 
(10 psi [70 kPa]) = Required pressure (240 psi [1,655 kPa]) 
– Minimum available pressure (75 psi [515 kPa]) = Required 
pressure by booster pumps (165 psi [1,140 kPa])

EQUIPMENT AND MATERIAL PRESSURE REQUIREMENTS
!e domestic water system must be designed to handle 

the high operating pressures at the base of the system. In 
this project, the required pressure at the discharge from the 
booster pumps is required to be 240 psi (1,655 kPa). !ere-
fore, in addition to the booster pumps, the equipment, piping, 
valves, "ttings, and pipe joints also must be designed, speci-
"ed, and rated to accommodate the high water pressures at 
the base of the domestic water piping system. Components 
with a minimum 250-psi (1,725-kPa) rated operating pres-
sure are required.

!e rated internal operating pressure for copper tubing also 
must be considered in systems with high operating pressures, 
and the limitation is based on the type of alloy used for the 
joints. Lead as occurs in 50-50 tin-lead solder never should 
be used in making joints on potable water systems, regard-
less of the pressure. For example, tin-antimony 95-5 solder 
has a maximum operating pressure of only 180 psi (1,240 
kPa) at 200°F (93°C) for a 6-inch (150-millimeter) pipe diam-
eter joint. Brazing alloys and silver solder have signi"cantly 
higher operating pressure limits and should be speci"ed for 
small-diameter copper tubing, while grooved-end mechani-
cal joint systems may be considered for 2-in. (50-mm) diam-
eter and larger copper tubing.

Note that for taller buildings, water pressure requirements 
at the base of the system are increasingly higher, unless 
mechanical rooms are provided at intermediate levels within 
the building and pumping can be staged in series. At levels 
further up the building, the pressures are correspondingly 
lower, and equipment and materials can be designed to lower 
pressure ratings.

DOMESTIC WATER PRESSURE BOOSTER PUMPS
Several domestic water pressure booster pump arrange-

ments were evaluated. !e "rst consideration was to reduce 
the pumping energy generally associated with booster pump 
systems. Two factors can contribute signi"cantly to wasted 
energy. First are systems that incorporate one pump to run 
continuously, even during low-#ow or no-#ow periods, and 
utilize a thermal bleed solenoid valve to dump water that is 
overheated in the pump casing due to the impeller operat-
ing below the demand #ow rate. !is wastes both energy and 
water. Second are systems that generate a single water pres-
sure for the entire building that is high enough to satisfy the 
upper-level "xtures and then reduce that pressure through 
pressure-reducing valves to satisfy lower-level pressure zones 
in the building.

!e initial design approach for the project was to provide 
separate booster pumps for each pressure zone in the build-
ing with each pump incorporating a variable-speed drive. 
!is would eliminate both of the energy-wasting aspects 
described above. Each of the "ve pressure zone booster sys-
tems would consist of a simplex pump, with just one addi-

tional backup pump that would be interconnected with nor-
mally closed valves to all of the zone headers, thus providing 
backup for each of the zones when one of the simplex pumps 
was being serviced. !e total connected pump horsepower 
for the project and the total energy consumption were lowest 
in this scenario. In addition, this arrangement did not require 
any pressure-reducing stations at the upper #oors of the 
building, thereby increasing valuable #oor area and reducing 
associated adjustments or maintenance work at the public 
#oor levels. However, this scenario required additional risers, 
one cold water riser and one hot water riser, for each pres-
sure zone in the building, running from the basement-level 
mechanical room up to the level of each zone. !is scenario 
was presented as the primary system for costing.

!e second scenario that was evaluated consisted of one 
triplex booster package for the cold water system and a sepa-
rate triplex booster package for the hot water system, with 
pressure-reducing valve (PRV) stations for each pressure 
zone, located in valve closets at intermittent #oor levels in 
the building. !e domestic water heaters were located in the 
basement mechanical room on the upstream side of the hot 
water system pressure booster pumps with their cold water 
supply at city water pressure.

!e third scenario consisted of one triplex booster pump 
package for the cold and hot water systems, with PRV stations 
located in valve closets at each pressure zone in the build-
ing. To minimize the size of the PRV station closets, the valve 
stations were staggered, with cold water PRVs on one level, 
hot water PRVs on a second level, hot water zone circulating 
pumps on a third level, and hot water zone electric reheat 
tanks on a fourth level. !is pumping scenario required the 
primary domestic water heaters to be ASME rated for 250-psi 
(1,725-kPa) operation, as they were located in the basement 
mechanical room on the downstream side of the booster 
pumps. However, the lower number of booster pumps and 
associated interconnecting piping o$set the premium cost 
for the higher pressure rating of the water heaters.

ACOUSTICAL PROVISIONS
Acoustic requirements must be considered when design-

ing pressure booster pump systems. Minimizing noise at the 
source is by far the best practice. Pumps that operate at 1,750 
revolutions per minute are generally quieter than pumps 
that operate at 3,500 rpm if the performance capacity can be 
achieved. Incorporating variable-speed drives into the pump-
ing system generally reduces sound levels even further and 
speci"cally during periods of low-#ow requirements, such as 
at night when sound issues may be most prevalent.

Vibration isolators should be provided on pump bases in 
all cases except for pumps mounted on slab on grade. !e 
vibration isolators should include seismic restraint mounts 
in geographical areas with seismic zones, such as on the West 
Coasts of Canada and the United States. Flexible connectors 
should be provided on the inlet and outlet connections to the 
booster pumps or on the connections to the headers where 
package pump systems are utilized. Flexible connectors 
constructed of single- or double-spherical neoprene rein-
forced with Kevlar with built-in retention rings are recom-
mended over braided stainless steel #exible connectors for 
two reasons. !ey permit axial movement as well as lateral 
movement, and in addition they provide attenuation of noise 
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transmission in the !uid and piping due to the change in 
internal shape of the connector. Spring isolators should 
be considered on the domestic water pipe hangers and 
supports within the pump room to further mitigate pump 
noise from transmitting into the structure.

A prudent plumbing engineer should recommend that 
the client retain a project acoustical consultant to provide 
recommendations regarding the domestic water pressure 
booster pump and piping systems. It is far more expensive 
to remediate noise issues after the project is completed and 
occupied than to incorporate them into the original design.

DOMESTIC HOT WATER SYSTEM AND EQUIPMENT
"e development permit for the project has very spe-

ci#c height restrictions, and constructing an additional 
level of million-dollar penthouse suites in lieu of a pent-
house mechanical room forced the mechanical equip-
ment, including the domestic water heaters, down to the 
basement-level water-entry mechanical room. Utilizing 
central-plant, natural gas-#red domestic water boilers at 
this low level in the building would have been prohibitive 
due to the high water pressure, routing, and termination 
requirements of the !ues.

Individual electric water heaters located within a closet 
in each suite were considered and initially favorably priced 
by one of the plumbing trades; however, this option did not 
proceed based on the required !oor space and loss of closet 
space within the units, lack of equipment diversity utiliz-
ing individual water heaters compared to a central plant 
system, maintenance and eventual replacement require-
ments within each suite, and the upsizing of electrical 
power requirements and distribution within the building.

Downtown Vancouver has a central steam distribution 
system operated by a private utility company, and steam 
service was incorporated into the project for HVAC systems 
as well as domestic hot water generation. Steam to high-
temperature heating system heat exchangers were speci-
#ed by the HVAC engineer, and heating system double-wall 
immersion heaters were speci#ed for the domestic water 
heater tanks. Two systems were designed in parallel to pro-
vide part-load performance during maintenance periods.

Two system options were considered. Initially, it was 
anticipated that ASME hot water storage tanks rated for the 
high-pressure system requirements would be very expen-
sive. "erefore, the #rst option considered using separate 
booster pumps for the cold water and hot water supply 
systems. A low-pressure municipal cold water line would 
supply cold water to low-pressure-rated water heaters, and 
downstream separate hot water booster pumps would dis-
tribute hot water throughout the building.

Pricing was obtained from a local pump supplier and 
a storage tank supplier; the costs were evaluated; and 
the #nal design solution incorporated one set of booster 
pumps, double-wall primary heating water to domestic 
hot water heat exchangers, and ASME high-pressure-rated 
domestic hot water storage tanks.

DOMESTIC WATER PIPE DISTRIBUTION SYSTEM RISERS 
AND MAINS

Several con#gurations of pipe distribution systems may 
be employed to distribute cold and hot potable water to the 
suites. "ree con#gurations were considered for this project.

"e #rst con#guration consists of a triplex domestic 
water booster system located in the mechanical room at 
parking level P-1 supplying water to a main 8-in. (200-mm) 
diameter potable water riser. Pressure-reducing stations 
are provided in valve closets to develop pressure zones of 
approximately six stories per zone. "e pressure-reducing 
stations consist of two PRVs in parallel, each sized for 50 
percent demand with no manual bypass, as the pressure 
would be too high if the manual bypass valve was opened. 
"is keeps the pressure within the zone between approxi-
mately 40 psi (275 kPa) at the suites at the top of each pres-
sure zone and 70 psi (480 kPa) at the suites at the bottom of 
each pressure zone. Downstream of the pressure-reducing 
stations, subrisers then distribute water to each !oor level 
within the pressure zone. At each story, a !oor isolation 
valve is provided, and distribution mains are routed in the 
corridor ceiling to suite isolation valves and then into each 
suite. One advantage of this system compared to others 
is that all risers and horizontal piping are routed through 
common areas, and the only piping within a suite is the 
piping serving #xtures within that individual suite.

A second con#guration consists of the same triplex 
booster pump system, main water riser, and PRV stations 
approximately every six stories as described. In this con-
#guration, only one horizontal distribution main is routed 
in the corridor ceiling at the lowest level of each pressure 
zone, and in turn supplies subrisers located within each 
set of stacked suites. Isolation valves are provided at the 
base of each subriser and at the connection to each suite. 
"e obvious disadvantages of this con#guration are that 
common riser piping is routed through individually owned 
suites and that if the subriser needs to be shut down, all 
suites on that riser also are required to be shut down.

One negative aspect of most domestic water booster sys-
tems where more than one pressure zone is required is that 
most of the pumps’ energy is wasted. "is is because the full 
volume of water for the building is boosted by the pumps 
to the pressure required at the highest story in the building, 
and then the pressure is reduced through PRV stations at 
all pressure zones except the highest zone. With increased 
emphasis on energy conservation and sustainable design, 
this led me to a third con#guration that I had not heard 
of previously and do not know of being implemented in 
any projects to date, which excites me. "e wasted energy 
consumed by PRV stations can be eliminated by designing 
dedicated booster pumps with variable-speed drives for 
each pressure zone. "erefore, only the pressure required 
at any given zone in the building is developed, and only the 
associated pump energy is consumed.

To reduce capital cost compared to providing duplex 
or triplex booster pump packages for each pressure zone, 
a single booster pump with a variable-speed drive is pro-
vided for each pressure zone, and one additional backup 
pump is provided for the entire building, sized for the 
upper pressure zone with manual interconnected piping 
and valves such that it could serve any zone in the build-
ing as required during servicing or replacement of any 
dedicated zone booster pump. "e pump energy savings 
is approximately 50 percent, as the full volume of water 
for the building only is required to be boosted to the aver-
age pressure for the building. "e capital cost of the pump 
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equipment is reduced as total horsepower is reduced, as is 
the total connected electrical load, and pressure-reducing 
stations at intermittent valve closets throughout the building 
are not required.

!e o"setting increase in capital cost is the increased 
number of risers and total length of riser piping and insula-
tion, plus the interconnecting piping and valves to each of 
the pumps and the associated installation costs. On building 
projects where the client will be paying both the capital and 
long-term operating costs, the payback period may be worth-
while. Unfortunately, in the developer’s world where capital 
cost is king and operating costs are paid by a multitude of 
unknown owners in the future, payback periods are generally 
not marketable or su#cient to support these creative engi-
neering solutions.

DOMESTIC WATER PIPE DISTRIBUTION WITHIN THE 
SUITES

Traditionally in Vancouver, water distribution piping has 
been Type L copper tube manufactured to ASTM B 88 stan-
dards, with wrought copper $ttings and 95-5 soldered joints. 
Distribution piping has been routed within drop ceiling spaces 
and down within partition walls to the plumbing $xtures. !e 
recent rise in the cost of copper materials and the labor cost of 
installation necessitated a trend to a di"erent solution.

Over the past several years, cross-linked polyethylene 
(PEX) tubing has been used extensively. !e material has sev-
eral advantages, including lower material capital cost, lower 
installation cost, less joints and therefore less potential loca-
tions for leaks in concealed spaces, faster installation, and no 
potential for corrosion by aggressive local municipal water 
conditions, which has contributed to pinhole damage and 
expensive replacement of entire copper potable water sys-
tems in high-rise buildings. !e common installation within a 
suite consists of brass isolation ball valves on the cold and hot 
water supplies generally located in a closet wall, short ¾-in. 
(19-mm) or 1-in. (25-mm) diameter headers with several ½-
in. (12-mm) connections, and individual runs of PEX tubing 
from the headers to each plumbing $xture. !e PEX tubing is 
routed within the structural 'oor slabs, and one major PEX 
tubing supplier has obtained a tested third-party listing for a 
two-hour $re separation rating. Quarter-turn mini ball valves 
are provided at each plumbing $xture, and water hammer 
arrestors are provided at dishwashers and clothes washers.

SUMMARY
Many variables must be considered during the engineering 

of domestic water systems for high-rise buildings, and many 
design solutions are available to the plumbing engineer. !e 
water pressures vary at each level throughout the building 
and always must be considered in system layouts and when 
selecting equipment and pipe materials. Energy e#ciency, 
space allocations, economics, and acoustics all play impor-
tant roles in a successful project delivery to the client. 
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