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should shut off. If test is okay, reset firing cock, restart
burner, and check operation.

H. Air Pressure Supervisory Switch. (If used.) Check
Manufacturer's instructions for minimum static pressure
required. Adjust air damper to decrease air to burner; burner
should shut off when pressure drops below minimum rec­
ommended air pressure. If test is okay, readjust to desired
air pressure, and check operation of the burner.

I. Emergency Disconnect Switch. All boilers should
be equipped with an emergency disconnect switch located
outside the boiler room door.

(1) For atmospheric-gas burners, and oil burners
where the fan is on a common shaft with the oil pump,
the complete burner and controls should be shut off.

(2) For power burners with detached auxiliaries, only
the fuel input supply to the firebox need be shut off.

(3) To test, throw switch to "Off' position while the
boiler is operating. This should kill all power to the controls
[see para. 1.(1)] or the fuel supply [see para. 1.(2)]. If the
test is okay restore switch, refire boiler, and observe for
proper operation. On units with program controls, it may
be necessary to completely recycle before refiring.

IV. SAFETY VALVE TESTS (STEAM
BOILERS)

As precautionary measures, all personnel concerned with
conducting a pop or capacity test should be briefed on
the location of all shutdown controls in the event of an
emergency, and there should be at least two people present.
Care should be taken to protect those present from escaping
steam.

A. Try Lever Test. Every 30 days that the boiler is in
operation or after any period of inactivity a try lever test
should be performed as follows: with the boiler under a
minimum of 5 psi (35 kPa) pressure, lift the try lever on
the safety valve to the wide open position and allow steam
to be discharged for 5 sec to 10 sec. Release the try lever
and allow the spring to snap the disk to the closed position.
If the valve simmers, operate the try lever two or three times
to allow the disk to seat properly. If the valve continues to
simmer, it must be replaced or repaired by an authorized
representative of the manufacturer. Inspect the valve for
evidence of scale or encrustation within the body. Do not
disassemble valve or attempt to adjust the spring setting.
It is advisable to have a chain attached to the try lever of
the valve to facilitate this test and allow it to be conducted
in a safe manner from the floor. The date of this test should
be entered into the boiler log book.

B. Pop Test. A pop test of a safety valve is conducted
to determine that the valve will open under boiler pressure
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within the allowable tolerances. It should be conducted
annually, preferably at the beginning of the heating season
if the boiler is used only for space heating purposes. Hydro­
static testing (using water) is not to be considered as an
acceptable test to check safety valve opening pressure. A
recommended procedure is as follows.

(1) Establish necessary trial conditions at the particu­
lar location. Where necessary, provide adequately sup­
ported temporary piping from the valve discharge to a
safe location outside the boiler room. In some installations
temporary ventilation may dispose of the steam vapor satis­
factorily. Review preparation for test with personnel
involved. All such tests should have at least two people
present.

(2) Install temporary calibrated test pressure gage to
check accuracy of boiler gage.

(3) Isolate the boiler by shutting the stop valves in
the steam supply and condensate return piping.

(4) Temporarily place jumper leads across the appro­
priate terminals on the operating control to demonstrate
the ability of the high-limit pressure control to function
properly. After this has been checked, also place another
set of jumper leads across the high-limit pressure control
terminals to permit continuous operation of the burner.

(5) The safety valve should pop open at an acceptable
pressure, i.e., 15 psi (100 kPa) ±2 psi (±14 kPa). A sim­
mering action will ordinarily be noticed shortly before the
valve pops to the open position.

(6) If the valve does not open in the 13 psi (90 kPa)
to 17 psi (117 kPa) range, it should be replaced. It is not
necessarily a dangerous situation if the valve opens below
13 psi (90 kPa), but it could indicate a weakening of the
spring, improper setting of the spring, etc. If the valve does
not open at 17 psi (117 kPa), shut off the burner and
dissipate the steam to the system by slowly opening the
supply valve.

(7) If the valve pops open at an acceptable pressure,
immediately remove the jumper leads from the high-limit
pressure control. The burner main flame should cut off as
soon as the jumper leads are removed.

(8) The safety valve will stay open until the pressure
drops sufficiently in the boiler to allow it to close, usually
2 psi (14 kPa) to 4 psi (28 kPa) below the opening pressure.
This pressure drop (blowdown) is usually indicated on the
safety valve nameplate.

(9) Relieve the higher pressure steam to the rest of
the system by slowly opening the steam supply valve.
After the boiler and supply piping pressures have become
equalized, open the return valve.

(10) Remove the jumper leads from the operating
control and check to make certain that it functions properly.
This is best done by allowing it to cycle the burner on and
off at least once.
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(11) Enter the necessary test data into the boiler
log book.

C. Capacity Test
(1) Capacity tests should be performed on safety

valves on all new boiler installations where there is exten­
sive piping on the safety valve discharge. They should
also be made on existing boiler installations when any
modification is made that affects the steam generating
capacity of the boiler such as changing the size of the
burner, the rate of fuel flow, or the grade or type of fuel
not previously fired, or if firing rate cannot be determined.

(2) All such tests should be made with at least two
people present.

(3) Establish necessary general trial conditions at the
particular location. Where necessary, provide adequately
supported temporary piping from the safety valve discharge
to a safe location outside the boiler room. In some installa­
tions, temporary ventilation may dispose of the steam vapor
satisfactorily. Review preparation for test with personnel
involved.

(4) A calibrated test gage shall be temporarily
installed to check accuracy of the boiler pressure gage
during all phases of these tests.

(5) Isolate the boiler by shutting the stop valves in
the supply and return piping for this boiler. The water
feeder should be able to operate if it is necessary to do so
during the test. It may be necessary to manually feed 1 in.
(25 mm) or 2 in. (50 mm) of water to the boiler to prevent
the low-water fuel cutoff from shutting down the burner.

(6) Set burner to operate at its maximum capacity,
making sure that combustion is complete with proper over­
fire draft.

(7) When the operating control has shut off the
burner, place jumper leads across its terminals to switch
control to the high-pressure cutout.

(8) When this has demonstrated its ability to shut off
the burner, place another set of jumper leads across its
terminals, reset it if it has this feature, and allow the burner
to continue running without control.

(9) The safety valve should pop open at the set pres­
sure [15 psi (103 kPa)] ±2 psi (±14 kPa) or within the
range of 13 psi (90 kPa) to 17 psi (117 kPa). If it opens
below 13 psi (90 kPa) or does not open at 17 psi (117 kPa),
it should be replaced.

(10) If the safety valve opens within this range, con­
tinue running the burner. If the pressure continues to rise,
allow it to reach a maximum and hold it for a minimum
of 30 sec. The maximum reached should not exceed 20
psi (140 kPa).

(11) If the pressure continues to rise above 20 psi
(137 kPa), the burner should be stopped by removing the
jumper leads from the high-pressure cutout. The safety
valve should be replaced by one that demonstrates its abil­
ity to maintain a pressure of not more than 20 psi in the
boiler.

(12) If the safety valve does maintain a maximum
pressure of 20 psi (140 kPa) or below, the burner should be
stopped by removing the test leads from the high-pressure
cutout. Observe the pressure at which the safety valve
closes. Replace the valve if it does not close within 2 psi
(14 kPa) to 4 psi (28 kPa) of opening pressure.

(l'3) Remove the jumper leads from the operating
control and let the burner cycle once to determine that it
is functioning properly.

(l'4) Enter all pertinent data in boiler room log: date,
time, personnel present, opening pressure, maximum pres­
sure, closing pressure, and any other pertinent data or infor­
mation.

V. SAFETY RELIEF VALVE TEST
(WATER BOILERS)

A. Try Lever Test
(1') Frequency. A try lever test of the safety relief

valve should be conducted every 30 days during the heating
season, after any prolonged period of inactivity, and prior
to the annual safety relief valve test.

(2) Procedure
(a) Check the safety relief valve discharge piping

to determine that it is properly installed and supported.
(b) Check and log the system operating pressure

and temperature.
(c) Lift the try lever on the safety relief valve to

the full open position and hold it for at le;lst 5 sec or until
. clean water is discharged.

(d) Release the try lever and allow the spring to
snap to the closed position. If the valve leaks, operate the
try lever two or three times to clear the seat of any foreign
matter that is preventing proper seating. As safety relief
valves are normally piped to the floor or near a floor drain,
it may take some time to determine if the valve has shut
completely.

(e) If the safety relief valve continues to leak, it
must be replaced before the boiler is returned to operation.

(f) Check that system operating pressure and tem­
perature have returned to normal.

(g) Check again to assure the safety relief valve
has closed completely and is not leaking.

B. Safety Relief Valve Test
(1) Frequency. A safety relief valve test should be

conducted every twelve months.
(2) Procedure. The following test should be con­

ducted with at least two people present. The personnel
conducting this test should review the test procedures and
determine if any special conditions exist.

(a) Check that safety relief valve discharge piping
is properly installed and supported.

(b) With the circulating equipment in operation,
tum the fuel burning equipment off and allow the boiler
water to reach a temperature approximately 80% to 85%
of its normal operating temperature. Normally this will be
between 140°F (60°C) and 150°F (66°C).
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(c) After the boiler water temperature has been
reduced, tum off the water circulating equipment. On some
boilers, it may be necessary to jumper out the circulating
pump flow switch to allow the burner to come on during
the test.

CAUTION: On boilers requiring water flow to prevent damage to
the boiler, do not jumper out the flow switch. It may be necessary
to isolate the boiler and hydrostatically test the safety relief valve or
have the safety relief valve removed and sent to a nationally recog­
nized testing agency for testing.

(d) Tum off the system supply and return valves,
and isolate the expansion tank from the boiler.

(e) Install a calibrated test gage.
(f) After assuring that all personnel are clear of the

safety relief valve discharge piping, tum on the fuel burning
equipment.

CAUTION: On boilers with small water storage capacity, very little
heat will be required to raise the pressure to the opening pressure
of the safety relief valve.

(g) If the temperature at the start of the test is
below the normal operating temperature, as recommended
in (b), it will not be necessary to change or jumper out the
operating or high limit temperature controls. If the water
temperature is at normal operating temperature, it may be
necessary to readjust these limits upward to allow the
burner to remain on long enough to reach the opening
pressure of the safety relief valve.

(h) The safety relief valve should open l within an
acceptable range above or below the set point. This range

1 In the absence of flow metering equipment, opening of the valve can
be considered to have been achieved when a steady fast drip or stream
of approximately 40 cc/min is observed at the discharge opening of
the valve.
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is ±3 psi (±20.6 kPa) for valves set to open at or below
60 psig (400 kPa), and ±5% of set pressure for pressures
above 60 psig (400 kPa).

(i) There will be a discernible point when the valve
opens and provides water flow with no significant rise in
pressure. At this point log the pressure and tum off the
fuel burning equipment.

(j) If the safety relief valve does not open at the
set pressure plus the allowable tolerance, shut off the fuel
burning equipment and do not operate the boiler until the
safety relief valve has been replaced.

(k) If the safety relief valve opens at a pressure
below the allowable tolerance, this is not necessarily a
dangerous condition but it can indicate a deteriorating con­
dition or improper spring setting. The valve should be
replaced.

(l) After the safety relief valve has closed, open
the valve to the expansion tank, the system return line, and
the supply line to allow the boiler to return to its normal
operating pressure.

(m) If applicable, remove the flow switch jumper
and return the operating and high limit temperature controls
to normal.

(n) Start the water circulating equipment.

(0) Start the fuel burning equipment. Observe the
pressure and temperature until the system returns to normal
operating conditions and the operating control has cycled
the burner on and off at least once.

(p) Check again to assure that the safety relief
valve is not leaking.
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MANDATORY APlPENDIX II

SUBMITTAL OF TECHNICAIJ INQUIRIES TO THE
BOILER AND PRESSURE VI~SSEL COMMITTEE

(a) This Appendix provides guidance to Code users for
submitting technical inquiries to the Committee. See
Guideline on the Approval of New Materials Under the
ASME Boiler and Pressure Vessel Code in Section II, Parts
C and D for additional requirements for requests involving
adding new materials to the Code. Technical inquiries
include requests for revisions or additions to the Code
rules, requests for Code Cases, and requests for Code inter­
pretations, as described below.

(1) Code Revisions. Code revisions are considered to
accommodate technological developments, address admin­
istrative requirements, incorporate Code Cases, or to clarify
Code intent.

(2) Code Cases. Code Cases represent alternatives or
additions to existing Code rules. Code Cases are written
as a question and reply, and are usually intended to be
incorporated into the Code at a later date. When used,
Code Cases prescribe mandatory requirements in the same
sense as the text of the Code. However, users are cautioned
that not all jurisdictions or owners automatically accept
Code Cases. The most common applications for Code
Cases are:

(a) to permit early implementation of an approved
Code revision based on an urgent need

(b) to permit the use of a new material for Code
construction

(c) to gain experience with new materials or alter­
native rules prior to incorporation directly into the Code

(3) Code Interpretations. Code Interpretations pro­
vide clarification of the meaning of existing rules in the
Code, and are also presented in question and reply format.
Interpretations do not introduce new requirements. In cases
where existing Code text does not fully convey the meaning
that was intended, and revision of the rules is required to
support an interpretation, an Intent Interpretation will be
issued and the Code will be revised.

(b) The Code rules, Code Cases, and Code Interpreta­
tions established by the Committee are not to be considered
as approving, recommending, certifying, or endorsing any
proprietary or specific design, or as limiting in any way

the freedom of manufacturers, constructors, or owners to
choost~ any method of design or any form of construction
that conforms to the Code rules.

(c) Inquiries that do not comply with the provisions of
this Appendix or that do not provide sufficient information
for the Committee's full understanding may result in the
request being returned to the inquirer with no action.

Requests for Code revisions or additions shall provide
the following:

(a) Proposed Revisions or Additions. For revisions,
identify the rules of the Code that require revision and
submit a copy of the appropriate rules as they appear in the
Code, marked up with the proposed revision. For additions,
provide the recommended wording referenced to the
existing Code rules.

Submittals to the Committee shall include:
(a) Purpose. Specify one of the following:

(1) revision of present Code rules
(2) new or additional Code rules
(3) Code Case
(4) Code Interpretation

(b) Background. Provide the information needed for the
Committee's understanding of the inquiry, being sure to
include reference to the applicable Code Section, Division,
Editiolll, Addenda, paragraphs, figures, and tables. Prefera­
bly, provide a copy of the specific referenced portions of
the Code.

(c) Presentations. The inquirer may desire or be asked
to attend a meeting of the Committee to make a formal
presentation or to answer questions from the Committee
members with regard to the inquiry. Attendance at a Com­
mittee meeting shall be at the expense of the inquirer. The
inquirer's attendance or lack of attendance at a meeting
shall not be a basis for acceptance or rejection of the inquiry
by the Committee.

•

•

•

•

CODE REVISIONS OR ADDITIONS

INQUIRY FORMAT

11-300

11-200

INTRODUCTION11-100

82
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(a) Requests for Code Interpretations shall provide the
following:

(1) Inquiry. Provide a condensed and precise ques­
tion, omitting superfluous background information and,
when possible, composed in such a way that a "yes" or a
"no" Reply, with brief provisos if needed, is acceptable.
The question should be technically and editorially correct.

(2) Reply. Provide a proposed Reply that will clearly
and concisely answer the Inquiry question. Preferably, the

(b) Statement of Need. Provide a brief explanation of
the need for the revision or addition.

(c) Background Information. Provide background infor­
mation to support the revision or addition, including any
data or changes in technology that form the basis for the
request that will allow the Committee to adequately evalu­
ate the proposed revision or addition. Sketches, tables,
figures, and graphs should be submitted as appropriate.
When applicable, identify any pertinent paragraph in the
Code that would be affected by the revision or addition
and identify paragraphs in the Code that reference the
paragraphs that are to be revised or added.

Requests for Code Cases shall provide a Statement of
Need and Background Information similar to that defined
in II-300(b) and II-300(c), respectively, for Code revisions
or additions. The urgency of the Code Case (e.g., project
underway or imminent, new procedure, etc.) must be
defined and it must be confirmed that the request is in
connection with equipment that will be ASME stamped,
with the exception of Section XI applications. The pro­
posed Code Case should identify the Code Section and
Division, and be written as a Question and a Reply in the
same format as existing Code Cases. Requests for Code
Cases should also indicate the applicable Code Editions
and Addenda to which the proposed Code Case applies.

Reply should be "yes" or "no," with brief provisos if
needed.

(3) Background Information. Provide any back­
ground information that will assist the Committee in under­
standing the proposed Inquiry and Reply.

(b) Requests for Code Interpretations must be limited
to an interpretation of a particular requirement in the Code
or a Code Case. The Committee cannot consider consulting
type requests such as the following:

(1) a review of calculations, design drawings, weld­
ing qualifications, or descriptions of equipment or parts to
determine compliance with Code requirements;

(2) a request for assistance in performing any Code­
prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection,
pressure testing, or installation;

(3) a request seeking the rationale for Code require­
ments.

SUBMITTALS

Submittals to and responses from the Committee shall
meet the following:

(a) Submittal. Inquiries from Code users shall be in
English and preferably be submitted in typewritten form;
however, legible handwritten inquiries will also be consid­
ered. They shall include the name, address, telephone num­
ber, fax number, and e-mail address, if available, of the
inquirer and be mailed to the following address:

Secretary
ASME Boiler and Pressure Vessel Committee
Three Park Avenue
New York, NY 10016-5990

As an alternative, inquiries may be submitted via e-mail
to: SecretaryBPV@asme.org.

(b) Response. The Secretary of the ASME Boiler and
Pressure Vessel Committee or of the appropriate Subcom­
mittee shall acknowledge receipt of each properly prepared
inquiry and shall provide a written response to the inquirer
upon completion of the requested action by the Code Com­
mittee.

11-600

CODE INTERPRETATIONS

CODE CASES

11-500

11-400

•

•

•

•
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MANDATORY APPENDIX III
STANDARD UNITS FOR USE IN EQUATIONS

U.S. Customary Units

TABLE 111-1
STANDARD UNITS FOR USE IN EQUATIONS

•

•

•

•

Quantity

Linear dimensions (e.g., length, height, thickness, radius, diameter)

Area
Volume
Section modulus
Moment of inertia of section
Mass (weight>
Force (load)

Bending moment
Pressure, stress, stress intensity, and modulus of elasticity
Energy (e.g., Charpy impact values)
Temperature
Absolute temperature
Fracture toughness
Angle
Boiler capacity

inches (in,)
square inches (jn.2

)

cubic inches (inh
cubic inches (in.3 )

inches4 (in.4
)

pounds mass (Ibm)
pounds force (Ibf)
inch-pounds (jn.-Ib)

pounds per square inch (psi)
foot-pounds (ft-Ib)
degrees Fahrenheit (OF)
Rankine (R)
ksi square root inches (ksijin.")

degrees or radians
Btu/hr
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SI Units

millimeters (mm)
square millimeters (mm2

)

cubic millimeters (mm3
)

cubic millimeters (mm3 )

millimeters4 (mm4
)

kilograms (kg)
newtons (N)

newton-millimeters (N'mm)
megapascals (M Pa)
joules (J)

degrees Celsius (OC)
kelvin (I'()

M Pa square root meters (M Pajii1)

degrees or radians
watts (W)
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•NONMANDATOR'f APPENDIX

NONMANDATORY APPENDIX A
GUIDANCE FOR THE USE OF lJ.S. CUSTOMARY AND

SI UNITS IN THE ASME BOILER AND PRESSURE •
VESSEL CO~DE

Proposed
Fraction, in. SI Conversion, mm Difference, %---

~2 0.8 -0.8
7'64 1.2 -0.8

X6 1.5 5.5

~2 2.5 -5.0

~ 3 5.5

~2 4 -0.8

X6 5 -5.0

~2 5.5 1.0

~ 6 5.5
. ~6 8 -0.8 •Ys 10 -5.0

A-I USE OF UNITS IN EQUATIONS

The equations in this Nonmandatory Appendix are suit­
able for use with either the U.S. Customary or the SI units
provided in Mandatory Appendix III, or with the units
provided in the nomenclature associated with that equation.
It is the responsibility of the individual and organization
performing the calculations to ensure that appropriate units
are used. Either U.S. Customary or SI units may be used
as a consistent set. When necessary to convert from one
system of units to another, the units shall be converted to
at least three significant figures for use in calculations and
other aspects of construction.

A-2 GUIDELINES USED TO DEVELOP
SI EQUIVALENTS

The following guidelines were used to develop SI equiv­
alents:

(a) SI units are placed in parentheses after the U.S.
Customary units in the text.

(b) In general, separate SI tables are provided if interpo­
lation is expected. The table designation (e.g., table num­
ber) is the same for both the U.S. Customary and SI tables,
with the addition of suffix "M" to the designator for the
SI table, if a separate table is provided. In the text, refer­
ences to a table use only the primary table number (i.e.,
without the "M"). For some small tables, where interpola­
tion is not required, SI units are placed in parentheses after
the U.S. Customary unit.

(c) Separate SI versions of graphical information
(charts) are provided, except that if both axes are dimen­
sionless, a single figure (chart) is used.
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(d) In most cases, conversions of units in the text were
done using hard SI conversion practices, with some soft
conversions on a case-by-case basis, as appropriate. This
was implemented by rounding the SI values to the number
of significant figures of implied precision in the existing
U.S. Customary units. For example, 3,000 psi has an
implied precision of one significant figure. Therefore, the
conversion to SI units would typically be to 20 000 kPa.
This is a difference of about 3% from the "exact" or soft
conversion of 20 684.27 kPa. However, the precision of
the conversion was determined by the Committee on a
case-by-case basis. More significant digits were included
in the SI equivalent if there was any question. The values
of allowable stress in Section II, Part D generally include
three significant figures.

(e) Minimum thickness and radius values that are
expressed in fractions of an inch were generally converted
according to the following table:

•

•
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• Fraction, in.
Proposed

SI Conversion, mm Difference, %
(g) For nominal pipe sizes, the following relationships

were used:

(f) For nominal sizes that are in even increments of
inches, even multiples of 25 mm were generally used.
Intermediate values were interpolated rather than con­
verting and rounding to the nearest mm. See examples in
the following table. [Note that this table does not apply to
nominal pipe sizes (NPS), which are covered below.]

(i) Volumes in cubic inches (in.3) were converted to
cubic mm (mm3) and volumes in cubic feet (ft3) were
converted to cubic meters (m3). See examples in the follow­
ing table:

U.S. U.S.
Customary Customary

Practice SI Practice Practice SI Practice

NPS Ys DN6 NPS 20 DN 500
NPS ~ DN 8 NPS 22 DN 550
NPS ~ DN 10 NPS 24 DN 600
NPS ~ DN 15 NPS 26 DN650
NPS % DN 20 NPS 28 DN 700
NPS 1 DN 25 NPS 30 DN 750
NPS 1~ DN 32 NPS 32 DN 800
NPS 1~ DN 40 NPS34 DN 850
NPS 2 DN 50 NPS 36 DN 900
NPS2~ DN 65 NPS 38 DN 950
NPS 3 DN 80 NPS 40 DN 1000
NPS3~ DN 90 NPS42 DN 1050
NPS 4 DN 100 NPS 44 DN 1100
NPS 5 DN 125 NPS46 DN 1150
NPS 6 DN 150 NPS 48 DN 1200
NPS 8 DN200 NPS 50 DN 1250
NPS 10 DN250 NPS 52 DN 1300
NPS 12 DN 300 NPS54 DN 1350
NPS 14 DN 350 NPS 56 DN 1400
NPS 16 DN 400 NPS 58 DN 1450
NPS 18 DN 450 NPS 60 DN 1500

(h) Areas in square inches (in.2) were converted to
square mm (mm2) and areas in square feet (ft2) were con-
verted to square meters (m2). See examples in the follow-
ing table:

Area (U.S. Customary) Area (SI)

1 in.2 650 mm2

6 in? 4000 mm2

10 in? 6500 mm2

5 ft2 0.5 m2

Volume (SI)

16000 mm3

100000 mm3

160000 mm3

0.14 m3

1 in.3

6 in.3

10 in.3

5 £13

Volume (U.S. Customary)

1.0
-2.4

2.0
-0.8

2.6
0.3
1.0
1.6

11
13
14
16
17

19
22
25

Size, in. Size, mm

1 25

lYs 29

1~ 32

1~ 38
2 50

2~ 57

2~ 64
3 75

3~ 89
4 100

4~ 114
5 125
6 150
8 200
12 300
18 450
24 600
36 900
40 1000
54 1350
60 1500
72 1800

•

•

•

•
Size or Length,

ft

3
5

200

Size or Length, m

1
1.5

60

(j) Although the pressure should always be in MPa for
calculations, there are cases where other units are used in
the text. For example, kPa is used for small pressures.
Also, rounding was to one significant figure (two at the
most) in most cases. See examples in the following table.
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(Note that 14.7 psi converts to 101 kPa, while 15 psi
converts to 100 kPa. While this may seem at first glance
to be an anomaly, it is consistent with the rounding phi­
losophy.)

A-3 SOFT CONVERSION FACTORS

The following table of "soft" conversion factors is pro­
vided for convenience. MUltiply the U.S. Customary value
by the factor given to obtain the SI value. Similarly, divide
the SI value by the factor given to obtain the U.S. Custom­
ary value. In most cases it is appropriate to round the
answer to three significant figures.

Pressure (U.S. Customary)

0.5 psi
2 psi
3 psi
10 psi

14.7 psi
15 psi
30 psi
50 psi
100 psi
150 psi
200 psi
250 psi
300 psi
350 psi
400 psi
500 psi
600 psi

1,200 psi
1,500 psi

Pressure (SI)

3 kPa
15 kPa
20 kPa
70 kPa
101 kPa
100 kPa
200 kPa
350 kPa
700 kPa
1 MPa

1.5 MPa
1.7 MPa
2 MPa

2.5 MPa
3 MPa

3.5 MPa
4 MPa
8 MPa
10 MPa

Temperature, of

925
950

1,000
1,050
1,100
1,150
1,200
1,250
1,800
1,900
2,000
2,050

Temperature, °C

495
510
540
565
595
620
650
675
980

1040
1095
1 120

•

•
(k) Material properties that are expressed in psi or ksi

(e.g., allowable stress, yield and tensile strength, elastic
modulus) were generally converted to MPa to three sig­
nificant figures. See example in the following table:

(I) In most cases, temperatures (e.g., for PWHT) were
rounded to the nearest 5°C. Depending on the implied
precision of the temperature, some were rounded to the
nearest 1°C or 10°C or even 25°C. !emperatures colder
than O°F (negative values) were generally rounded to the
nearest 1°C. The examples in the table below were created
by rounding to the nearest 5°C, with one exception:

Strength (U.S. Customary)

95,000 psi

Temperature, of

70
100
120
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900

Strength (SI)

655 MPa

Temperature, °C

20
38
50
65
95

120
150
175
205
230
260
290
315
345
370
400
425
455
480
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U.S.
Customary SI Factor---
in. mm 25.4
ft m 0.3048
in.2 mm2 645.16
ft2 m2 0.09290304
in.3 mm3 16,387.064
ft3 m3 0.02831685
U.S. gal. m3 0.003785412
U.S. gal. liters 3.785412
psi MPa 0.0068948

(N/mm2
)

psi kPa 6.894757

psi bar 0.06894757
ft-1b J 1.355818
OF °C %x (OF - 32)

OF °C %

R K %
Ibm kg 0.4535924
lbf N 4.448222
in-Ib N·mm 112.98484

ft-Ib N·m 1.3558181
ksiji; MPaJffi 1.0988434
Btulhr W 0.2930711

Ib/ft3 kg/m3 16.018463

Notes

Used exclusively in
equations

Used only in text
and for nameplate

Not for temperature
difference

For temperature
differences only

Absolute temperature

Use exclusively in
equations

Use only in text

Use for boiler rating
and heat transfer

•

•

•
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Additional boiler, cutting in of, 7.04, 8.04

Air, for pneumatically operated controls, 5.04G

Air eliminators, 3.04

Alkalinity test, 9.11B

Baffling, inspection of,

For hot water boiler, 8.09D(19)

For steam boiler, 7.09D(19)

Blowdown, 7.05C, 9.09

Blowoff valves, 3.33A

Boiler room facilities, general, 6.01

Boilers

Cast iron, 2.03

Classification of, 2.01

Determination of water containing capacity, 9.11A

Horizontal sectional, cast iron, 2.03A

Maintenance of, 7.07, 8.07

One-piece, cast iron, 2.03C

Removal from service, steam, 7.06

Repairs to,

Hot water, 8.08

Steam, 7.08

Starting,

Hot water, 8.01, 8.02

Steam, 7.01, 7.02

Steel,2.02

Firebox, Figs. 2.02A - 2.02A-5, 2.02A(3)

Vertical firetube boiler, Fig. 2.02A-l, 2.02A(1)

Maintenance, 7.07K

Scotch type, 2.02A(2)

Horizontal return tube boiler, Fig. 2.02A-6, 2.02A(4)

Suspended, 7.09D(21)

Treatment,9.08C

Vertical sectional, 2.03B

Water troubles, 9.05

Corrosion, 9.05A
Foaming,9.05D

Metal embrittlement, 9.05C

Scale deposits, 9.05B

Watertube, 2.02B

Burning equipment,

Coal,5.03

Gas, 5.01

Maintenance, 7.07F

Oil,5.02
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Chemicals, 9.06, 9.07

Handling, 9.11C

Mixing,9.11C

Circulators, 3.07

Cleaning,

Maintenance, 8.07A

New hot water boilers, 8.01A

New steam boiler, 7.01A

Removed from service, 7.06B, 8.06B

Coal,

Anthracite, 4.04A

Bituminous, 4.04B

Burning equipment, 5.03

Chain grate, Fig. 5.03-3

Spreader, Fig. 5.03-2

Underfeed, Fig. 5.03-1

Condensate, return pumps and loop, 3.05, Fig. 3.05, 7.070

Condensation, 7.03, 8.03

Connections,

Drain, 6.05B

Water,6.05A

Continuous treatment, 9.08B

Controls,

Electrically operated, 5.04F

Limiting, 5.04B, see Tests

Operating, 5.04A

Pneumatically operated, 5.04G
Programming of, 5.04D

Safety, 5.04C
Spare parts, 5.04E

Venting, 5.04H

Corrosion, 7.06C, 7.07D, 7.09D(8), 8.06C, 8.07D, 8.09D(8),
9.05A

Diagrams, 6.09A

Drain connections, 6.05B
Drain valve, 3.33B

Drawings, 6.09A

Electricity, 4.05

Embrittlement, 9.05C

Emergency Disconnect Service, Exhibit C, III.I

Expansion tanks, 3.08

External treatment, 9.08A

Feeders, 9.10
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Feedwater connections, 3.30C

Fire protection, 6.06
Fire surfaces, inspection of

Hot water boilers, 8.09D(II)
Steam boilers, 7.09D(lI)

Flame, safeguards, 7.07H, see Tests
Freezing, 7.07C
Fuel oils, 4.03

Grade number,
1,4.03A
2,4.03B
4,4.03C
5,4.03D
6,4.03E

Preheating requirements, 4.03F

Gas,
Atmosphere, 5.01A
Burning equipment, 5.01
Combination, 5.01C
Heating values of, 4.01
Liquified petroleum (LPG), 4.02
Natural, manufactured, or mixed, 4.01
Power, 5.01B

Glossary of boiler terms, 1.05
Fuels, fuel burning equipment, and combustion, 1.05B
General terms, 1.05A
Water treatment terms, 9.12

Heat, localization of, 7.09D(20), 8.09D(20)
Hot water boiler, starting, 8.01, 8.02
Housekeeping, 6.07
Hydrostatic test, 7.09D(25), 8.09D(25)

Illustrations, use of, 1.02
Inspection, 7.07L, 8.07L

Log, Exhibits A and B
Of hot water boilers, 8.09

During construction, 8.09B
Initial, 8.09C
Periodic, of existing boilers, 8.09D
Point of installation, 8.09C
Preparation for, 8.09D(l) - 8.09D(3)

Of steam boilers, 7.09
During construction, 7.09B
Initial, 7.09C
Periodic, of existing boilers, 7.09D
Point of installation, 7.09C
Preparation for, 7.09D(l), 7.09D(3)

Inspector, 7.09D(5), 7.09D(6), 7.09D(26), 8.09D(5), 8.09D(6),
8.09D(26)

Insulation, 7.09D(4), 8.09(4)
Internal treatment, 9.08A
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Ligaments, inspection of

Hot water boilers, 8.09D(l5)
Steam boilers, 7.09D(l5)

Lighting of boiler room, 6.03
Limit controls, 7.07L,see Tests
Liquified petroleum gas (LPG), 4.02
Log, 6.09B, Exhibit A, Exhibit B
Low-water fuel cutoffs, 3.02, 3.28, 3.29, 7.05H, 7.07G,

7.09D(l8), 8.07D(l7), 8.07(G)
Electric probe types, 3.02B, Fig. 3.02B
Float type, 3.02A, Fig. 3.02A

Maintenance

Hot water boilers, 8.07

Burner maintenance, 8.07F
Gas, 8.07F(2)
Oil, 8.07F(l)

Cast iron, 8.07J
Circulating pumps, 8.070
Cleaning, 8.07A
Draining, 8.07B
Expansion tanks, 8.070
Fire side corrosion, 8.07D
Flame safeguard, 8.07H

Electronic, 8.07H(2)

Thermal, 8.07H(l)
Freezing, protection against, 8.07C
Inspection, 8.07L
Limit control, 8.071

Low-water fuel cutoff, 8.07G
Safety relief valves, 8.07E
Schedule, Exhibit B, 8.07P
Sealant, 8.07N
Steel boiler, 8.07K

Steam boilers, 7.07
Burner maintenance, 7.07F

Gas, 7.07F(2)
Oil, 7.07F(1)

Cast iron, 7.07J
Cleaning, 7.07A
Condensate return system, 7.070
Draining, 7.07B
Fire side corrosion, 7.07D
Flame safeguard, 7.07H

Electronic, 7.07H(2)
Thermal, 7.07H(1)

Freezing, 7.07C
Inspection, 7.07L
Limit control, 7.071

Low-water fuel cutoff, 7.07G
Safety valves, 7.07E
Schedule, Exhibit A, 7.07P
Sealant, 7.07N
Steel, 7.07K

•

•

•

•

•
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Manholes,7.09D(1O)
Manufacturer's information, 1.03, 6.09
Metric conversion tablessee Supplement
Modular boilers, 2.04, 3.36

New boilers,
Hot water, 8.01

Cleaning and filling, 8.0lA

Steam, 7.01
Cleaning and filling, 7.0lA

Oil burning equipment, 5.02
Air atomizing, 5.02C
Horizontal rotary cup, 5.02D
Periodic checks, 7.06E
Pressure atomizing, 5.02A

High pressure, 5.02A(l)
Low pressure, 5.02A(2)

Steam atomizing, 5.02B
Storage and supply, 3.10

Oil heaters, 3.34
Openings, inspection of, 7.09D(l0), 8.09D(1O)
Operation,

Hot water boiler, 8.05
Check of pressure and temperature, 8.05A
Operating pressure, 8.05C(2)
Operating temperature, 8.05C(l)

Steam boiler, 7.05
Abnormal water loss, 7.0SF
Appearance of rust, 7.05D
Blowdown, 7.05C
Low-water cutoff, 7.05H
Makeup water, 7.05G

Steaming pressure, 7.05B
Water level, 7.05A

Water-line fluctuation, 7.05E

Piping expansion and contraction, Figs. 3.30-1 - 3.30-4, 3.30A
Power for electrically operated controls, 5.04F
Pressure altitude gage, 3.25
Pressure control, 3.24
Pressure gages, 3.11
Pressure, steaming, 7.05B
Pumps,

Circulating, 3.07
Condensate return, 3.05
Vacuum return, 3.06

Recordkeeping, 6.09
Removal of boiler from service,

Hot water, 8.06
Cleaning, 8.06B
Periodic checks, 8.06D
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Procedure, 8.06A
Protection against corrosion, 8.06C

Steam, 7.06
Cleaning, 7.06B
Periodic checks, 7.06E
Procedure, 7.06A
Protection against corrosion, 7.06C
Water level, 7.06D

Repairs,

Hot water boilers, 8.08
Inspection of, 8.09D(24)
Notification, 8.08B
Precaution, 8.08A
Safety, 8.08D
Welding requirements, 8.08C

Steam boilers, 7.08
Inspection of, 7.09D(24)
Notification, 7.08B
Precautions,7.08A
Safety,7.08D
Welding requirements, 7.08C

Return pipe connections, Figs. 3.30-3, 3.30-4, 3.30B
Rust,7.05D

Safety of boiler operations, 6.02
Safety relief valves, 8.07E, 8.09D(22)" 3.01B, 3.20

Tests for water boilers, Exhibit C, V

Opening, Exhibit C, V.B
Try lever, Exhibit C, V.A

Safety valves, 3.01A, 3.20, 7.07E, 7.09D(22)
Tests for steam boilers, Exhibit C, lV

Capacity, Exhibit C, lV.C
Pop, ExhibitC, IV.B
Try lever, Exhibit C, lV.A

Scale, examination of surfaces for,

Deposits, 9.05B
Hot water boiler, 8.09D(7)
Steam boiler, 7.09D(7)

Scope, 1.01
Seasonal treatment, 9.08B
Section IV,

Compliance with, 3.01
References to, 1.04

Section IX, references to, 7.08C
Shutdown switches, 3.35
Starting hot water boilers,

After layup, Exhibit B, 8.02
New, 8.01

Starting steam boilers,
After layup, Exhibit A, 7.02
New, 7.01

Staybolts, testing,
Hot water boilers, 8.09D(l3)
Steam boilers, 7.09D(13)
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Stays, inspection of,
Hot water boilers, 8.09D(9)
Steam boilers, 7.09D(9)

Steam gages, 3.21
Inspection of, 7.09D(23)

Storage tanks,

Hot water supply systems~ 3.38

Temperature control, 3.27
Tests, Exhibit C

Of combustion efficiency, Exhibit C, II
Draft measurements, Exhibit C, II.C
Gas burners, Exhibit C, II.B
Oil burners, Exhibit C, II.A

Of flame safeguard devices, Exhibit C, I

Gas, Exhibit C, I.A, C, D, E, G
Oil, Exhibit C, I.B, F

Electric type with proven pilot
flame detection (oil or gas), Exhibit C, LG

Electronic flame rod with
interrupted ignition (gas), Exhibit C, I.D

Electronic flame scanner type (oil), Exhibit C, I.F
(gas), Exhibit C, I.E

Thermal type (gas), Exhibit C, LA
(oil), Exhibit C, I.B

Of limit controls
Air pressure supervisory switch, Exhibit C, III.H

Boiler room temperature, Exhibit C, IILC
Draft, Exhibit C, III.B

Electrical, Exhibit C, III.D

Emergency disconnect switch, Exhibit C, III.I
High gas pressure, Exhibit C, III.F
High-limit steam pressure, Exhibit C, lILA
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Low gas pressure, Exhibit C, III.E
Oil pressure supervisory switch, Exhibit C, III.G

Thermometers, 3.26
Traps, steam, 3.03
Treatment, water, 9

Alternatives to, 9.08
Chemicals used, 9.06

Functions of, 9.07
For laid-up boilers, 9.11D

Dry method, 9.11D(1)
Wet method, 9.11D(2)

Considerations, 9.02
Continuous, 9.08B
Extemal,9.08A
Local ordinances, 9.04
Seasonal, 9.08B
Spedalists, 9.03
Troubles, 9.05

Vacuum boilers, 2.05, 3.37
Vacuum return pump, 3.06
Ventilation of boiler room, 6.04
Venting of gas controls, 5.04H

Water,

Connections, 6.05A
Level, 7.05A, 7.06D
Loss,7.0SF
Makeup, 7.05G

Water column, 3.23
Inspection of, 7.09D(17)

Water gage glass, 3.22
Waterline, 7.05E

•

•

•
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SUMMARY OF CHANGES

Addenda to the 2007 Edition of the Code are issued in the form of replacement pages. Revisions, additions, or
deletions are incorporated directly into the affected pages. It is advisable, however, that all replaced pages be
retained for reference.

Replace or insert the pages listed. Changes given below are identified on the pages by a margin note, A08,
placed next to the affected area. Revisions to the 2007 Edition are indicated by 07. For the listing below, the
Page references the affected area. A margin note, A08, placed next to the heading indicates Location. Revisions
are listed under Change.

The Record Numbers listed below are explained in more detail in "list of Changes in Record Number Order"
following the Summary of Changes.
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Page

xiii-xxiii

1, 2

Location

Roster

1.05, Subsection A

Change (Record Number)

Updated to reflect 2008 Addenda

In definition of boiler horsepower, last line corrected by
errata (07-537)

(c)



LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change

07-537 Errata correction.

(d)
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1. GENERAL

•

•

•

•
A08

1.01 SCOPE

This portion of the rules is intended to cover general
descriptions, terminology, and basic fundamentals of heat­
ing boilers, controls, and automatic fuel burning equip­
ment. Because of the wide variety of makes and types of
equipment in use, it is general in scope.

1.02 USE OF ILLUSTRATIONS

The illustrations used in this Section have been selected
to show typical examples of the equipment referred to in
the text and are not intended to endorse or recommend
anyone manufacturer's product; nor are the illustrations
intended to be used as design criteria or as examples of
preferred configurations of equipment.

1.03 MANUFACTURER'S INFORMATION

For detailed information on any specific unit, the Manu­
facturer's information should be consulted.

1.04 REFERENCE TO SECTION IV

The boilers discussed in this Section will be those limited
to the operating ranges of Section IV, Heating Boilers, of
the ASME Boiler and Pressure Vessel Code as follows:

(a) steam boilers for operation at pressure not exceeding
15 psi (l00 kPa)

(b) hot water heating and hot water supply boilers for
operation at pressures not exceeding 160 psi (lIDO kPa)
and/or temperatures not to exceed 2500 P (l20°C)

1.05 GLOSSARY OF TERMS

For terms relating to boiler design, refer to Section IV,
Heating Boilers, Appendix E, Terminology. For terms
relating to boiler water treatment, refer to 9.12 of this
Section, Glossary of Water Treatment Terms.

A. Boilers and General Terms
absolute pressure: pressure above zero pressure, the sum

of the gage and atmospheric pressures.
accumulator (steam): a pressure vessel containing water

and steam that is used to store the heat of steam for use

at a later period and at some lower pressure.
air purge: the removal of undesired matter by replace­

ment with air.
air vent: a valve opening in the top of the highest drum

of a boiler or pressure vessel for venting air. Also a device,
manual or automatic, that will effect the removal of air
from a steam or hot water heating system. It is usually
located at the highest point in the system.

allowable working pressure: the maximum pressure for
which the boiler was designed and constructed.

altitude gage: a pressure gage calibrated in feet, indicat­
ing the height of the water in the system above the gage;
usually found as combination pressure, altitude, and tem­
perature gage.

ambient temperature: the temperature of the air sur-
rounding the equipment.

baffle: a plate or wall for deflecting gases or liquids.
base: support for boiler.
beaded tube end: the rounded exposed enq of a rolled

tube when the tube metal is formed over against the sheet
in which the tube is rolled.

belled tube end: see flared tube end.
bellows seal: a seal in the shape of a bellows used to

prevent air or gas leakage.
blind nipple: a nipple, or a short piece of piping or tube,

closed at one end. .
blowdown: the difference between the opening and clos­

ing pressures of a safety or safety relief valve.
blowoffvalve: a valve or cock in the bottom and/or near

the water line of a boiler, that, when opened, permits free
passage of scale and sediment during the blowoffoperation.

boiler: a pressure vessel that incorporates a fuel input
device or mechanism to heat water for space heating or
other purposes or to convert water into steam for use in
an external distribution system.

(a) watertube: a boiler in which the tubes contain
water and steam, the heat being applied to the outside
surface.

(1) bent tube: a watertube boiler consisting of two
or more drums connected by tubes, practically all of which
are bent near the ends to pennit attachment to the drum
shell on radial lines.

(2) horizontal: a watertube boiler in which the
main bank of tubes is straight and on a slope of 5 deg to
15 deg from the horizontal.
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(3) sectional header: a horizontal boiler of the lon­
gitudinal or cross drum type, with the tube bank composed
of multiple parallel sections, each section made up of a
front and rear header connected by one or more vertical
rows of generating tubes and with the sections or groups
of sections having a common steam drum.

(4) box header: a horizontal boiler of the longitudi­
nal or cross drum type consisting of a front and a rear
inclined rectangular header connected by tubes.

(5) cross drum: a sectional header or box header
boiler in which the axis of the horizontal drum is at right
angles to the center lines of the tubes in the main bank.

(6) longitudinal drum: a sectional header or box
header boiler in which the axis of the horizontal drum or
drums is parallel to the tubes in a vertical plane.

(7) low head: a bent tube boiler having three drums
with relatively short tubes in the rear bank.

(b) firetube: a boiler with straight tubes that are sur­
rounded by water and steam and through which the prod­
ucts of combustion pass.

(1) horizontal return tubular: a firetube boiler con­
sisting of a cylindrical shell, with tubes inside the shell
attached to both end closures. The products of combustion
pass under the bottom half of the shell and return through
the tubes.

(2) locomotive: a horizontal firetube boiler with an
internal furnace, the rear of which is a tubesheet directly
attached to a shell containing tubes through which the
products of combustion leave the furnace.

(3) horizontal firebox: a firetube boiler with an
internal furnace the rear of which is a tubesheet directly
attached to a shell containing tubes. The first-pass bank of
tubes is connected between the furnace tubesheet and the
rear head. The second-pass bank of tubes, passing over the
crown sheet, is connected between the front and rear end
closures.

(4) refractory lined firebox: a horizontal firetube
boiler, the front portion of which is set over a refractory
or water-cooled refractory furnace. The rear of the boiler
shell has an integral or separately connected section con­
taining the first-pass tubes through which the products
of combustion leave the furnace, then return through the
second-pass upper bank of tubes.

(5) vertical: a firetube boiler consisting of a cylin­
drical shell, with tubes connected between the top head
and the tubesheet, that forms the top of the internal furnace.
The products of combustion pass from the furnace directly
through the vertical tubes.

Submerged vertical is the same as the plain type above,
except that by use of a waterleg construction as a part of
the upper tubesheet, it is possible to carry the waterline at
a point above the top ends of the tubes.

2

(6) scotch: in stationary service, a firetube boiler
consisting of a cylindrical shell, with one or more cylindri­
cal internal furnaces in the lower portion and a bank of
tubes attached to both end closures. The fuel is burned in
the furnace, the products of combustion leaving the rear
to return through the tubes to an uptake at the front head:
known as dry-back type.

In marine service, this boiler has an internal combustion
chamber of waterleg construction covering the rear end of
the furnace and tubes, in which the products of combustion
tum and enter the tubes: known as wet-back type.

(c) modular: a steam or hot water heating boiler
assembly consisting of a grouping of individual boilers
called modules, intended to be installed as a unit, with a
single inlet and a single outlet. Modules may be under one
jacket or individually jacketed.

(d) vacuum: a factory-sealed steam boiler that is oper­
ated below atmospheric pressure.

(e) boiler, steam heating: a boiler designed to convert
water into steam, that is supplied to an external space
heating system.

(f) boiler, hot water heating: a boiler designed to heat
water for circulation through an external space heating
distribution system.

(g) boiler, hot water supply: a boiler used to heat
water for purposes other than space heating.

boiler horsepower: the evaporation of 34.5 lb (15.6 kg)
of water per hour from a temperature of 212°F (100°C)
into dry saturated steam at the same temperature equivalent
to 33,475 Btulhr (9.8 kW).

boiler inspection: boilers that are fabricated are usually
inspected during construction for compliance with Code
design requirements. They are also periodically field
inspected internally and externally for corrosion or scaling
and for the condition ofcontrols, safety devices, etc. Boilers
that are cast are given a hydrostatic test only (each section
or the complete boiler); a visual inspection by the Author­
ized Inspector is not required unless local jurisdictions
require periodic field inspections.

boiler layup: any extended period of time during which
the boiler is not expected to operate and suitable precau­
tions are made to protect it against corrosion, scaling, pit­
ting, etc., on the water and fire sides.

boiler trim: piping on or near the boiler that is used for
safety, limit, and operating controls, gages, water col­
umn, etc.

bond: a retaining or holding high-temperature cement for
making a joint between brick or adjacent courses of brick.

boss: a raised portion of metal of small area and limited
thickness on flat or curved metal surfaces.

breeching: a duct for the transport of the products of
combustion between the boiler and the stack.

bridgewall: a wall in a furnace over which the products
of combustion pass.
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