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T
his article will discuss only the methods and crite-
ria required for sizing medical gas piping distri-
bution systems. Nothing downstream of the main
shut-off valve of the facility, such as tanks, source
arrangements, and equipment or system configu-

rations such as valve locations, alarms, etc., will be presented.
The information provided is strictly the author’s own and

was developed after years of engineering for many hospital
facilities, using the primary standard for the installation of
medical gas systems, NFPA 99. The standard, however, does
not provide any guidance for sizing.

This article will cover medical/surgical compressed air,
high-pressure instrument compressed air, laboratory com-
pressed air, dental compressed air, oxygen, nitrous oxide, car-
bon dioxide, nitrogen, surgical/medical vacuum, waste anes-
thesia gas disposal (WAGD), laboratory vacuum, vacuum
pump exhaust, and finally, dental vacuum piping.

General Design Criteria
The typical design criteria are the same for most of the

compressed gases except for instrument air. Vacuum is also
considered a medical gas, and the same type of criteria is
necessary. Note that the information presented here is for
sizing purposes only.

All of the piping networks are sized using the following
four items: total connected flow rate, the diversity factor, the
allowable friction loss, and the equivalent length of piping.
The equivalent length is found by using the actual measured
run and adding 50% of the measured run to account for fit-
tings. The total is the equivalent length.

Dividing the equivalent run of pipe (in hundreds of feet) by

the allowable system loss will establish the allowable friction
loss per 100 feet of pipe. As an example, 5 psig is allowed for
total system loss with an equivalent length of 400 feet. There-
fore, 4 divided into 5 equals 1.25 psi friction loss per 100 feet.

The final delivery pressure for all systems, except for instru-
ment air and vacuum, is 50 psig. With a generally allowable
friction loss of 10%, the source should be arranged to deliver
55 psig in order for the pressure loss through the piping to be
5 psig. For instrument air, the delivery pressure is higher, usu-
ally around 200 psig. The delivery pressure will vary based on
the type of pneumatic instruments used, but will never exceed
200 psig because of the standards that are used for these sys-
tems. This means a system loss of 20 psig. The modern instru-
ments developed use less pressure than the older instruments.
It will be some time before a complete changeover will occur
due to the cost involved. All vacuum systems should deliver
15" if mercury, with the source set to deliver 20" mercury. Any
pressure adjustment shall be made at the point of use.

Oversizing some portions of the piping system will allow
for future changes or expansion, while the cost of adding
another pipe or replacing a smaller pipe with a larger one
will be many times the cost of larger sizing during the initial
construction. Good practice is to make the smallest size
branch and drops to individual outlets for the compressed
gases 1/2", sub-mains should be a minimum of 3/4" in size
and main size no less than 1". This is to allow for future
expansion and renovations without replacing piping. NFPA
99 requires that the minimum size of all mains and branches
be 1/2" nominal size. The minimum size of vacuum piping
shall be 3/4", with 1/2" drops to individual inlets permitted.
Medical/Surgical Compressed Air

Here is the information on
sizing methods for medical
gas piping systems that NFPA
99 doesn’t provide.
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The medical/surgical (low-pressure compressed air) sys-
tem must be a dedicated system. It is not permitted to be
used for any other purpose.

Table 1 gives the actual common usage in the medical facili-

ty and the diversity
factor to adjust the
total connected
load to a level that
a p p r o x i m a t e s
probable usage.
Add all the outlets
together to calcu-
late a total connect-
ed load. Using the
appropriate diver-
sity factor, calculate
the maximum
adjusted flow rate
for the entire
branch, sub-main,
main or project.

In Table 2 ,
enter the adjusted
scfm (standard
cubic feet per
minute) on one
side and use the
allowable friction

loss to find the friction
loss that most closely
meets the allowable fig-
ure. Select the smallest
correct size. If the exact
figure for friction loss is
not found, use the

smallest size based on the scfm.

Instrument Air
Instrument air is a higher pressure system because of the

large variety of pneumatic tools used. The largest flow rate

Flow rate and Diversity Factor for
Low-Pressure Medical Air Outlets

Compressed Air For Oxygen
And Nitrogen Piping Also

Table 1

Table 2

High Pressure Compressed Air Friction Loss Table

Table 3

Diversity Factor For
Dental Compressed Air

Table 4

Flow Rate and Diversity
Factor for Oxygen Outlets

Table 5

Medical Gas Piping
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(generally between 6 and 15 scfm) will be used in facilities
that do orthopedic, thoracic and neurosurgical procedures.
The connected load is a matter of the scfm used by the
appropriate tool(s)
and the pressure
required that the
tools use. The type
of tools used must
be found from the
facility. A 100%
diversity factor is
used. Use Table 3

for sizing purposes. 175 psig is the most often-used figure.

Laboratory Compressed Air
The basis of sizing shall be Figure 1, which is direct read-

ing. Enter the chart
with the number of
connected outlets and
read the adjusted
scfm. With the friction
loss calculated, size the
system using Table 2.

Dental
Compressed Air

Dental tools are
available that use both
high- and low-pressure
air. High-pressure
tools such as drills use
a pressure of 50 psig
(345 kPa) and a flow
rate of 2 scfm. Low-
pressure handpieces
used for cleaning and
by hygienists use 30
psig (210 kPa) and a

flow rate of 3 scfm. Auxiliary outlets use 1 scfm. For diversity
factors for dental compressed air, refer to Table 4. Use Table 2
to size the piping network.

Oxygen
Use Table 5, using the flow rate in lpm and a diversity fac-

tor for the outlet or equipment used. Size the piping system
using Table 2, entering it with the adjusted scfm on one side
and using the allowable friction loss to find the friction loss
that most closely meets the allowable figure. Select the small-
est correct size. If the exact figure for friction loss is not
found, use the smallest size based on the scfm.

Nitrous Oxide
See Table 6 for

room or outlet usage
in lpm and a diversity
factor to be used. Size
the piping system
using Table 7.

Carbon Dioxide
The use of carbon

dioxide is very limited.
When used, it is nor-
mally supplied from
cylinders and not from
centrally piped sys-
tems. The connected
load and usage shall be
confirmed from the
facility. Diversity shall
be 100% to be on the
safe side. A central sys-
tem is sized using
Table 7. The differenceFigure 1

Flow rate and Diversity Factor
for Nitrous Oxide Outlets

Table 6

Data for Sizing Nitrous-Oxide Supply-Piping
And Carbon Dioxide Piping

Table 7

Pressure Drop (psi) per 100 ft. of 160 psi Nitrogen Piping

Table 8

Medical Gas Piping
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in size between nitrous oxide and carbon dioxide falls well
within acceptable limits.

Nitrogen
There is no general consensus of opinion

as to the quantity of nitrogen that might be
used over an extended period of time in a
typical facility, because of the constantly
changing requirements of tools using nitro-
gen, the desire of medical staff to use specif-
ic instruments and the degree of use for
inhalation therapy, if any. The largest flow
rate (generally between 6 and 15 scfm) will
be used in facilities that do orthopedic, tho-
racic and neurosurgical procedures. Size
piping for this system using Table 8.

Medical Surgical Vacuum
Each individual station inlet, except

WAGD (waste anesthesia gas disposal), must
provide a minimum flow rate for proper
functioning of connected equipment under
design conditions. The various inlets are
separated into usage groups based on the
expected usage. Group A is heavy usage;
Group B is a lesser usage. For a separation of various areas
into suggested use groups to find the actual cfm, flow rate
for various station and service inlets, and diversity group,
refer to Table 9. For convenience, Table 10 has been prepared
to give a direct reading for the actual adjusted scfm for both
A and B types.

For sizing the piping system, use Table 11. Using the cfm
from inlet types A and B added together and finding the
allowable friction loss similar to that previously explained

using a 5" vacuum loss, select the pipe size using the lowest
friction loss in the table based on the adjusted scfm.

Waste Anesthesia Gas Disposal (WAGD)
WAGD means Waste Anesthesia Gas Disposal and is used

to remove the waste anesthesia gas from any anesthetic loca-
tion. In the past, this has caused problems for facility per-
sonnel after they breathed it in.

The vacuum pressure is the same as the surgical/medical
system and uses a 5" vacuum loss for the piping system. The
usage of each inlet is 1 scfm and uses a 100% diversity factor.
After adding the total scfm from the system, use Table 11 for
sizing.

Laboratory Vacuum
This system is intended only for laboratories within a

health care facility, but it can actually be used for laborato-
ries of all types. Use 1 scfm for each inlet and see Figure 2.
Figure 2 is a direct reading figure that uses the number of
inlets and the (weighted) adjusted sfcm.

Vacuum Pump Exhaust
The exhaust piping for vacuum pumps are sized using the

total scfm for the system (both lead and lag pumps) and the
equivalent length of run.

Dental Vacuum
The number of inlets shall be the same as dental chairs.
The level of vacuum varies depending on the usage as follows:
• Dental surgery—12 to 17 inches of mercury.
• General dentistry—8 to 12 inches of mercury.
• Laboratory—5 to 9 inches of mercury.

Figure 2

General
Laboratory
Demand For
Vacuum Air

Flow Rate & Diversity
Factor For Medical/Surgical Vacuum

Table 9

Medical Gas Piping
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Experience has shown that a level of 10 to 12 inches of
mercury has proven satisfactory at chairs for small dental
practices or clinics.

Commonly used dental instruments use the following
flow rate:

• Saliva ejector—2 to 3 scfm, depending on tip size.
• High volume ejector—5 to 10 scfm, depending on tip

size.
• Hygienist—5 scfm.
• Dental chair—10 scfm.
• One dentist and one hygienist—15 scfm.
• Dental laboratory—20 scfm; 30 scfm for a fishmouth

when grinding.
For clinics, use the following flow rates that include

diversity:
• 2 chairs—15 scfm.

Figure 3

Wet/Dry Vacuum Pipe Sizing

Vacuum Pipe Sizing Chart 15" Hg to 20" Hg

Table 11

Direct Reading of Simultaneous
Use Factors for Health Care Facilities

Table 10

Medical Gas Piping
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• 4 chairs—22 scfm.
• 5 chairs—30 scfm.
• 8 chairs—44 scfm.
The diversity factor varies as follows:
• 1 and 2 chairs—100%
• 3 and 4 chairs—75%
• 5 to 10 chairs—60%

Calculate the friction loss if there
is much of a piping system. If it is
under 25 feet, ignore it. Use Figure
3 for pipe sizing because there is a
good chance liquids will be mixed
with vacuum. For the chart, use the
friction loss for the project and the
scfm. Use the larger pipe size when
the point falls between lines.

Mike Frankel is president of Util-
ity Systems Consultants in Boynton
Beach, FL, and has more than 45
years experience in the design and
engineering for a variety of facilities,
including health care, nuclear, phar-

maceutical, housing, commercial and chemical facilities. He is
an ASSE member, has been an ASPE member for more than 20
years and is past president of the New Jersey ASPE chapter. He
is the author of Utility Piping Systems Handbook, published
by McGraw-Hill. He is the ASPE representative on the NFPA
99 Health Care Facilities piping committee and can be reached
at mfrankl@aol.com.
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“Specify with confidence - Install with pride.”®

HANG IT ON THE WALL
SNAP IT TOGETHER 

M 1 Primary Loop Modules are
complete and hang with 4 bolts.
M 2 Secondary Loop Pumping
Modules slide in place are 
locked with proprietary clips.
9 Models Available

INCREDIBLY FAST
ISO CERTIFIED QUALITY
TESTED AND WARRANTED

PRECISION HYDRONIC PRODUCTS, INC.

Mechanical Rooms In A Moment...

www.phpinc.us
Airport Business Center   6807-C NE 79th Court

Portland, Oregon 97218   (503) 445-4188
FAX: (503) 445-4187

PHP
INC.

Precision
Hydronics USA

ISO 9001: 2000
QUALITY CERTIFIED

M1 Primary Loop Modules

M2 Pumping Modules: Injection,
standard and 3 way mixing

F
o
r
F
ill

W
a
te
r

F
o
r
E
x
p
.
T
a
n
k

In
d
.
W
H
R
e
tu
rn

R
e
tu
rn

In
d
.
W
H
S
u
p
p
ly

S
u
p
p
ly

Products

PHP is a Div. of 
C.H. Perrott, Inc.

Circle No. 205 on card.

Table 12

Vacuum Exhaust Pipe Sizing

Medical Gas Piping

feat2304.qxd:feat2304.qxd  11/3/10  1:23 PM  Page 48

Untitled-50   6 11/3/10   1:27 PM


