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1. Scope.

This manual includes criteria for the design of
component parts and assemblies of fuel gas piping
systems for nonindustrial appliances. Compliance
with these criteria requires only that fundamental
design principles be followed. Materials and prac-
tices not prohibited by this manual or its basic
references should also be considered. Where spe-
cial conditions and problenis are not specifically
covered in this manual, acceptable industry stan-
dards will be followed. Modifications or additions
to existing systems solely for the purpose of meet-
ing criteria in this manual are not authorized.
References used in this manual are listed in the
appendix.

2. Purpose.

This manual presents the basic criteria for the
design of low pressure (0.5 psig or less) fuel gas
piping systems serving nonindustrial type gas
appliances, The criteria are based in part on
NFPA 54 and ANSI B31.2. -

3. Engineering Considerations.

a. The criteria in this manual are applicable to
the design of fuel gas piping systems from the
point of delivery to the connections with each gas
utilization device. The “point of delivery” is de-
fined as the outlet of the customer’s meter set
assembly (within 5 feet of the building line), or the
outlet of the service regulator or service shutoff
valve where no meter is provided.

b. The criteria cover the: design of piping sys-
tems for fuel gases such as natural gas, manufac-
tured gas, liquefied petroleum gas (LPG) air mix-
tures above the upper combustible limit, LPG in
the gaseous phase, or mixtures of these gases.
Included are fuel gas piping systems both in
buildings and between buildings, and, as applica-
ble, including the first pressure containing valve
upstream of a gas utilization device (appliance).

c. Criteria included are limited to the relatively
basic but adequate requirements for the conditions
normally encountered in_fuel gas piping installa-
tions. Where problems such as long self-supported
spans, unstable ground, mechanical or sonic vibra-
tions, and thermal forces: other than seasonal
exist, the engineer should design to meet the
requirements of ANSI B31.3.

d. Piping systems include components such as
pipe, valves, fittings, flanges (except those which
are parts of appliances or other apparatus), bolts
and gaskets.

4. Conditions.
a. Pressure.
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(1) This manual covers low-pressure fuel gas
piping systems (systems mormally pressurized to
0.5 psig) and, therefore, usually representing a
mild condition of coincident pressure and tempera-
ture far below the 10 psig working pressure limit
for buildings intended for human occupancy. Nev-
ertheless, every piping system designed in accord-
ance with this manual, regardless of anticipated
service conditions, will be designed to withstand a
pressure of 10 psig between the temperatures of
minus 20 degrees F and 250 degrees F.

(2) Piping systems designs will have sufficient
flexibility to prevent thermal expansion or contrac-
tion from causing excessive stresses in the piping
material, excessive bending or unusual loads at
joints, or undesirable forces or moments at con-
necting points in the system. No formal analyses
of thermal expansion and flexibility are required
in gystems which:

(@) Are duplicates of successfully operating
installations or are replacements of systems with a
gatisfactory service load.

(b) Can be judged to be adequate by compar-
ison with systems already analyzed.

b. Thrust forces. The forces transmitted to con-
nected appliances or equipment will be kept
within safe limits.

5. Piping requirements.

a. Design factors. The factors for ratings, stress
values, stress criteria, design allowances and mini-
mum design values used in the design of piping
and the permissible variations to these factors
should conform to ANSI B31.2.

b. Mechanical strength. When necessary to pre-
vent damage, collapse, or buckling under superim-
posed loads from supports, backfill or other causes,
the pipe wall thickness will be increased. If in-
creasing wall thickness is impractical or would
cause excessive local stresses, the adverse fac-
tors which would contribute to damage of the pipe
will be corrected by other acceptable design prac-
tices.

6. Materials and components.

a. Pipe design. Metallic pipe or tubing of nomi-
nal wall thicknesses equal to or greater than those
listed in table 1 are acceptable for gas piping
systems covered by this manual. All underground
ferrous gas piping will be cathodically protected.
TM 5-811-7 (Army) and MIL-HDBK-1004/10 (Air
Force) contain additional guidance pertaining to
cathodic protection on underground pipelines. Ad-
ditions to existing systems will be ecathodically
protected. Testing stations will be provided in
cathodic protection systems.
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b. Other components. The. criteria for design of pipe
bends, branch connections, heads and closures, flanges
and reducers are given in ANSI B31.2.

¢. Limitations. Copper pipe or tubing will not be used
if the gas supplied contains more than an average of 0.3
grains of hydrogen sulfide per 100 cubic feet of gas.
Aluminum pipe or tubing will not be used in exterior
locations or underground. h

d. Use of plastic materials. Plastic pipe may be used only
outside underground, or as risers as permitted by Title 49,
Code of Federal Regulations, Part 192. Unless expressly
excepted for a specific project by the authority having
jurisdiction, the use of plastic materials will conform to the
criteria established by the AGA “Plastic Pipe Manual for
Gas Service”; by Title 49, Code of Federal Regulations,
Part 192 (which contains the minimum federal safety stand-
ards for the transportation of gas and for pipeline
facilities); and by the referenced standards and specifica-
tions, ‘

7. Joint selection.

a. Type. The types of piping joints used should be
suitable for the pressure-temperature conditions and
should be selected giving consideration to joint tightness
and mechanical strength under the service conditions. For
example, joints must be able to sustain the maximum end
force due to internal pressure, i.e., the design pressure
(psig) times the internal area of the pipe or piping com-
ponent (sq. in.); as well as any, additional forces due to
temperature expansion or contrjaction or to the weight of
pipe and contents. ‘

b. Threaded joints. The use of threaded joints on
ductile-iron pipe, plastic pipe or tubing, copper tubing or
aluminum tubing is not recommended.

¢. Equipment connections. In general the final connec-
tion to gas equipment should be made with rigid metallic
pipe and fittings except flexible connectors can be used if
not expected to be vulnerable to physical abuse. Flexible
connectors must be used for residential kitchen ranges and
shall be at least 40 in. (1.01 m) long. Flexible connectors
can be used for residential dryers as they are not con-
sidered vulnerable. Other acceptable uses of flexible con-
nectors include equipment located where accessibility will
be limited to qualified personnel. Acceptable examples
include equipment in locked equipment rooms, equipment
suspended at least 10 feet above floor, and equipment in

ildings. Flexible connectors must conform with
ANSI Z21.45 except flexible connectors for movable food
c€ equipment must conformito ANSI 521.69. In addi-

tion to cautions listed in instructions required by the ANSI
standards, flexible connectors will not be allowed to pass
through equipment cabinets. Accessible gas shutoff valve
and coupling are required for each piece of gas equipment.

TM 5-810-6/AFM 88-8, Chap. 5
8. Sizing and capacities ot gas piping.

a. General requirements. To determine the size of piping
to be used in designing a gas piping system, the following
factors must be considered:

(1) Allowable loss in pressure from meter, or service
regulator when a meter is not provided, to appliance.

(2) Maximum gas demand to be provided.

(3) Length of piping and number of fittings,

(4) Specific gravity of the gas.

(5) Diversity factor.

b. Description of tables.

(1) The quantity of gas to be provided at each outlet
should be determined, whenever possible, directly from
manufacturer’s Btu input rating of the appliance(s) which
will be installed. In case the ratings of the appliances to be
installed are not known, table 2 shows the approximate
consumption of averdge appliances of certain types in Btu
per hour. To obtain the cubic feet per hour of gas required,
divide the total Btu per hour input of all appliances by the
average Btu heating value per cubic foot of the gas. The
average Btu per cubic foot of the gas in the area of the
installation may be obtained from the serving gas supplier,

(2) Capacities for 0.60 specific gravity lowpressure
gas (0.5 psig or less) in cubic feet per hour are shown in
tables 3 and 4 for different sizes and lengths of iron pipe,
or equivalent rigid pipe, and in tables 5 and 6 semirigid
tubing. Tables 3 and 5 are based upon a pressure drop of
0.3 inch water column, whereas tables 4 and 6 are based
upon a pressure drop of 0.5 inch water column. Pressure
drop allowances are included as stated in table titles. The
serving gas supplier may assist the designer in designating
which table(s) will be used.

(3)  Gas piping systems that are to be supplied with
gas of a specific gravity of 0.70 or less can be sized directly
from tables 3 through 6 unless the authority having juris-
diction specifies that a gravity factor should be applied.
When the specific gravity of the gas is greater than 0.70, the
gravity factor must be applied. Application of the gravity
factor converts the figures given in tables 3 through 6 to
capacities with another gas of different specific gravity.
Such application is accomplished by multiplying the
capacities given in tables 3 through 6 by the multipliers
shown in table 7. In case the exact specific gravity does not
pear in the table, choose the next higher specific gravity
shown in the table.

(4) Capacities in thousands of Btu per hour of
undiluted LPG gases based on a pressure drop of 0.5 inch
water column for different sizes and lengths are shown in
tableS for semirigid tubing, and in table 9 for iron pipe or
uivalent rigid pipe. Pressure drop allowances are included
as stated in the table titles.

(5) For any gas piping system, for special gas applian-
ces, or for conditions other than those covered by tables 3.
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Table 7. Multfpliers to be used only with tables 3 through 6 when applying the gravity factor

SPECIFIC - | SPECIFIC

GRAVITY ||  MULTIPLIER GRAVITY MULTIPLIER
035 1.31 1.00 0.78
040 1.23 1.10 0.74
045 1.16 1.20 0.71
0.50 | 1.10 1.30 0.68
056 1.04 1.40 0.66
0.60 1.00 1.50 0.63
065 0.96 1.60 0.61
070 | o093 1.70 0.59
075 0.90 1.80 0.58
0.80 0.87 1.90 0.56
085 0.84 2.00 0.55
090 0.82 2.10 0.54

Reprinted with permission from NFPA 54-1984, National Fuel Gas
Code, Copyrighte, 1984, National Fire Protection Association,
Quincy, 'Mass. 02269. This reprinted material is not the
complete and official postion of the NFPA on the referenced
subject which 1is represented only by the standard in its
entirety. ‘ ‘
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through6, 8, or 9, such as longer runs, greater gas demands,
or greater pressure drops, the size of each gas piping
system should be determined by standard engincering
methods acceptable to the authority having jurisdiction
and to the serving gas supplier.

(6) If diversity factor or load can be established
smaller size piping may be used. The diversity factor indi-
cates the predicted gas demand asia percentage of the total
equipment hourly load operating at full capacity simul-
tancously. This factor depends upon the characteristics of
the project and the number and kind of gas appliances
being installed. The gas company can suggest the proper
factor based on previous experience. On projects of 100 or
more families, the maximum hourly flow of gas through the
regulator may be as little as 15 percent of the maximum
possible demand. :

(7) To determine the size of each section of gas pipe
in a system within the range of the capacity tables, proceed
as described in (a) through (h) below.

(a) Determine the gas demand of each appliance
to be connected to the piping system. When tables 3
through 6 are used to select the piping size, calculate the
gas demand in terms of cubic feet per hour for each piping
system outlet. When tables 8 or 9 are used to select the
piping size, calculate the gas demand in terms of thousands
of Btu per hour for each piping system outlet.

(b) When the piping system will be used for other
than undiluted LPG, determine the design system pres-
sure, the allowable loss in pressure (pressure drop), and
the specific gravity of the gas to be used.

(c) Measure the length of piping from the gas
meter, or service regulator when a :meter is not provided,
1o the most remote outlet in the system.

(d) In the appropriate capacity table, select the
column showing the measured length, or the next longer
length if the table does not give the exact length. This is the
only length used in determining the size of any section of
gas piping. If the gravity factor is to,be applied, the values
in the selected column of the table are multiplied by the
appropriate multiplier from table 7.

(¢) Use this vertical column to locate all gas
demand figures for this particular system of piping.

(f) Starting at the most remote outlet, find in the
vertical column the gas demand for that outlet. If the exact
figure of demand s not shown, choose the next larger figure
below in the column. i

(g) Opposite this demand figure, in the first column
at the left, will be found the correct size of gas piping,

(h) Proceed in a similar manner for each outlet
and each section of gas piping. For each section of piping
determine the total gas demand to be supplied by that
section, ﬁ

¢. Example of piping system design,

(1) Problem. Determine the required pipe size of
each section and outlet of the piping system shown in figure
1, with a designated pressure drop of 0.50 inch water

12 Change 1

column. Gas to be used has 0.65 specific gravity and a

. heating value of 1,000 Btu per cubic foot.

(2) Solution.
(a) Maximum gas demand for outlet A:
Consumption (rating plate input, or table 2 if necessary
Btu of Gas -

30,000 Btu per hour rating _
= 30 Cubic feet per hour (30 cfh)

1,000 btu per cubic foot
(b) Maximum gas demand for outlet B:

Consumption 3,000

1,000

(¢) Maximum gas demand on outlet C:

= 3 cfh

Btu of gas

' tion 75,
Consump ion _ 000 — 75 ofh
Btu of gas 1,000

(d) Madmum gas demand for outlet D:

Consumption 136,000

= = 136 cfh
Btu of gas 1,000

" (e) The length of pipe from the gas meter to the
most remote outlet (A) is 60 feet. This is the only distance
used.

() Using the column marked 60 feet in table 4
(provided this is the table designated for use by the serving
gas supplier):

Outlet A, supplying 30 cfh, requires 3/8-inch
pipe.

Outlet B, supplying 3 cfh, requires 1/4-inch
pipe.

Section 1, supplying outlets A and B, or 33 cfh,
requires 3/8-inch pipe. Outlet C, supplying 75 clh, requires
3/4-inch pipe.

Section 2, supplying outlets A, B, and C,or 108
clb, requires 3/4-inch pipe. Outlet D, supplying 136 cfh,
requires 3/4-inch pipe. :

_ Section 3, supplying outlets A, B, Cand D, or 244
cfh, requires 1-inch pipe.

(g) If the gravity factor (para 8b(3)) is applied to
this example, the values in the column marked 60 feet of
table 4 would be multiplied by the multiplier (0.96) from
table 7, and the resulting cubic feet per hour values would
be used to size the piping.

9. Venting appliances.

In the subparagraphs below, the word “listed” signifies the
appliance(s) have been tested by the American Gas As-
sociation Laboratories, are approved to bear the certifica-
tion seal of the laboratories and, therefore, are listed in the
Directory of Certified Appliances and Accessories pub-
lished by the American Gas Association Laboratories.
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a. Appliances requiring venting,  Appliances of the
following types must be provided with venting systems or
other means for removing the ﬂue gases to the outside
atmosphere.

(1) Steam and hot water boilers, warm air furnaces,
floor furnaces, and wall furnaces.

(2) Unit heaters and duct furnaces.

(3) Incinerators.

(4) Water heaters with mputs over 5,000 Btu per
hour, except as provided under (6) and (7) below.

(5) Built-in domestic cookmg units listed and marked
only as vented units.

(6) Room heaters listed only for vented use. Room
heaters listed as “vented and unvented” units may be in-
stalled unvented, subject to the ap;ﬁroval of the authority
having jurisdiction. However, room heaters installed in
sleeping quarters for use of transients must be vented by
one of the methods described in NFPA 54 and also must
be equipped with a safety shutoff device.

(7) Type 2 clothes dryers.

(8) Appliances equipped with gas conversion
burners.

(9) Other listed appliances whxch have draft hoods
supplied by the appliance manufacturcr

(10) Unlisted appliances.

b. Appliances not requiring vennng

(1) Listed ranges.

(2) Built-in domestic cooking units listed and marked
as unvented units. ‘

{3) Listed hot plates and listed taundry stoves.

(4) Listed Type 1 clothes drycrs unless installed in
bedrooms or bathrooms.

(5) Listed water heaters with’ ‘inputs not over 5,000
Btu per hour,

(6) Automatically controllcd instantaneous water
heaters which supply water to a smgle faucet which is
attached to and made a part of the appliance unless in-

Change 1

stalled in bathrooms, bedrooms, or any occupied rooms
normally kept closed. (Single-faucet automatic instan-
taneous water heaters must not be installed in kitchen
sections of light housekeeping rooms or rooms used by
transients.)

(7) Listed refrigerators.

(8) Counter appliances.

(9) Room heaters listed for unvented use. However,
room heaters installed in all sleeping quarters or in rooms
generally kept closed should be vented and equipped with
a safety shutoff device.

(10) Other appliances listed for unvented use and not
provided with flue collars.

(11) Specialized equipment of limited input such as
laboratory burners or gas lights.

Note: When any or all of the appliances in 5 through
11 above are installed so that the aggregate input ratmg
exceeds 30 Btu per hour per cubic foot of room or space in
which they are installed, one or more of them will be
provided with a venting system or other approved means
for removing the vent gases to the outside atmosphere so
that the aggregate input rating of the remaining unvented
appliances does not exceed the 30 Btu per hour per cubic
foot figure. When the room or space in which they are
installed is directly connected to another room or space by
a doorway, archway, or other opening of comparable size,
which cannot be closed, the volume of such adjacent room
or space may be included in the calculations. c.Venting
requirements. Minimum safety requirements, design re-
quirements, types of venting systems selected, materials for
all gas vents including outside vents and chimneys, vent
sizes, vent supports, gas vent identification “marking” re-
quirements, and vent connector design and materials will
conform to NFPA 54. Special venting arrangements re-
quired for the project will be shown in detail on the project
drawings.
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;‘ APPENDIX A
| REFERENCES
i
Government Publications. .
Department of the Anny
T™ 5-811-7 | Electrical Design, Cathodic Protection
Department of Defense
MIL-HDBK-1004/10 Military Handbook, Electrical Engineering, Cathodic Protection
Department of Transportation |
Title 49, Part 192.59 of Transportation of Natural and Other Gas Pipcline: Minimum Fed-
the Code of Federal : eral Safety Standards

Regulations, 1979

Nongovernment Publicatiods.

American Gas Association (AG/ ), 1515 Wilson Blvd., Arlington, VA 22209
A.G.A. Plastic Pipe Manual for Gas Service, February 1985
American National standards Insmute, Inc. (ANSI), Dept. 671,1430 Broadway, New York, NY 10018

B31.2-1968 i Fuel Gas Piping
B31.3-1987 Chemical Plant and Petroleum
& B31.3a-1988 Refinery Pipin
521.45-1985 Flexible Connectors of Other Than All-Metal
f‘ Construction for Gas Appliances .
521.69-1987 ‘ Connectors for Moveable Gas Appliances
National Fire Protecuon Assoctaaon (NFPA), Batterymarch Park, Ouincy, MA 02269

54-1988 ‘ National Fuel Gas Code
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