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FOREWORD" (25)

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee, to
formulate standard rules for the construction of steam boilers and other pressure vessels.In 2009, the Boiler and Préssure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(9) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each ofithese committees is included individually and
collectively.

The Committee’s function is to establish rules of safety relating to{ptressure integrity. The rules govern the construc-
tion” of boilers, pressure vessels, transport tanks, and nuclear_eomponents, and the inservice inspection of nuclear
components and transport tanks. For nuclear items other than pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity.-The Committee also interprets these rules when questions
arise regarding their intent. The technical consistency6f the Sections of the Code and coordination of standards devel-
opment activities of the Committees is supported and 'guided by the Technical Oversight Management Committee. The
Code does not address other safety issues relating<o the construction of boilers, pressure vessels, transport tanks, or
nuclear components, or the inservice inspection-ofnuclear components or transport tanks. Users of the Code should refer
to the pertinent codes, standards, laws, regulations, or other relevant documents for safety issues other than those
relating to pressure integrity and, for nuelear items other than pressure-retaining components, structural integrity.
Except for Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the likelihood
and consequences of deterioration n-service related to specific service fluids or external operating environments. In
formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of components
addressed by the Code. The,dbjective of the rules is to afford reasonably certain protection of life and property,
and to provide a margin fordeterioration in service to give a reasonably long, safe period of usefulness. Advancements
in design and materials.and evidence of experience have been recognized.

The Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction activ-
ities and inserviceyinspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are-uot specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace educatien, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judgments must be
consistentwith Code philosophy, and such judgments must never be used to overrule mandatory requirements or specific
proHibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses and
€xpects engineers to use good judgment in the application of these tools. The designer is responsible for complying with
Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with
— ANSI'STequirements for an ANS. Therelore, this Foreword may contain material that has not been subjected to pubIIc TEVIEW OT a CONSENSUs process. Im
addition, it does not contain requirements necessary for conformance to the Code.
- Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherentin the programs they use and the application of these programs to their
design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence With, the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committee for appro-
priate action. The action of the Committee becomes effective only after confirmation by ballot of the Committee and
approval by ASME. Proposed revisions to the Code approved by the Committee are submitted to the Ameri¢an National
Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to invite comments-from all inter-
ested persons. After public review and final approval by ASME, revisions are published at regular interyals in Editions of
the Code.

The Committee does not rule on whether a component shall or shall not be constructed to the previsions of the Code.
The scope of each Section has been established to identify the components and parameters corsidered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules\are-to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the_Code are to be directed to the
Committee. ASME is to be notified should questions arise concerning improperuse’ of the ASME Single Certification
Mark.

When required by context in the Code, the singular shall be interpretedas the plural, and vice versa.

The words “shall,” “should,” and “may” are used in the Code as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement nor-a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in accoerdance with
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide.-recognition of
organizations so authorized. An organization holding authorization to perform various activities in‘accordance with the
requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessél-Code are issued Certificates
of Authorization. Itis the aim of the Society to maintain the standing of the ASME Single Certification Mark for the benefit of
the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all
requirements.

Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to €Code construction. The American Society of
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any)item, construction, or activity and there shall
be no statements or implications that might so indicate. An organization ielding the ASME Single Certification Mark and/
or a Certificate of Authorization may state in advertising literature’that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with*the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Pressure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only fof.stamping and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose offostering the use of such construction. Such usage may be by an
association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile in advertising
to show that clearly specified items will carrysthe’ASME Single Certification Mark.

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO
IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and-Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. [tems
constructed infaccordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.

Markings, such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

[tems shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the-cdnsensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propese-revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and*‘Pressure Vessel
Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web{page, accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section 1], Part D for guidelines on requesting approval of new materials. See Section' 1], Part C for guidelines on
requesting approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the Code. Approved revisions will be
published in the next edition of the Code.

In addition, the committee may post errata and Special Notices atlattp://go.asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register onithe committee web page to receive email notifications
of posted errata and Special Notices.

This Code is always open for comment, and the committeéwelcomes proposals for revisions. Such proposals should be
as specific as possible, citing the paragraph number, the preposed wording, and a detailed description of the reasons for
the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications, for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gainexperience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of @nhew material or process
(b) Users are cautidned that not all jurisdictions or owners automatically accept cases. Cases 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 choose any method of design or any form of construction that
conforms to,the/Code.
(c) The.committee will consider proposed cases concerning the following topics only:
(1)~equipment to be marked with the ASME Single Certification Mark, or
(2)-equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d)VAproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number to which the proposed case applies
(4) the editions of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant

supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
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of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a
Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at

http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations donot
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the ifiter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Uponrequest, the committee will render an interpretation of any requirement of the Code. An interpretation can be
rendered only in response to a request submitted through the online Inquiry Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive ap,atitomatic email
confirming receipt.

(c) ASME doesnotactasa consultant for specific engineering problems or for the general applicatieh or understanding
of the Code requirements. If, based on the information submitted, it is the opinion of the cominittee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers
may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or ifladditional information that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database athttp://go.asme.org/Interpretations as they
are issued.

» o«

certify,” “rate,” or “enderse” any item, construction, proprietary

Committee Meetings

The ASME BPVC committees regularly hold meetings thatare open to the public. Persons wishing to attend any meeting
should contact the secretary of the applicable committée." Information on future committee meetings can be found at
http://go.asme.org/BCW.
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area.

Page Location Change
X List of Sections Title of Section XI, Division 1 revised
Xi Foreword Third, fourth, seventh, tenth, and eleventh paragraphs editorially-revised
xiv Personnel Updated
1 1.2 Subparagraph (a)(9) editorially revised
2 1.4 Revised
Table 1.4-1 Updated
7 Table 2.1-1 (1) In first column, “Spring-loaded non-reclosing’valve” revised to “Spring-
actuated non-reclosing relief device,” and‘the“associated Section VIII
Certification Mark Designators revised
(2) Note (11) revised
9 3.23 Subparagraph (a) added and existing‘paragraph designated as (b)
10 3.2.10 Revised
11 333 Subparagraph (c) revised
12 343 In subparas. (a)(1) and (b)(1)(-a), cross-reference revised
13 3.5 First sentence and subpara. (b) revised
14 3.6.1 Subparagraph (a)«revised
14 3.6.3 (1) 3.6.3.1(e).revised and 3.6.3.1(f) added;
(2) 3.6.3.2 revised in its entirety
16 3.9 Subparagraph (e)(1) revised
18 4.1.3.2 Fitst sentence revised
19 4.4.3 First sentence revised
20 4432 Last two sentences added
22 5.1.2 First sentence of subpara. (c) revised
22 5.1.3.2 First sentence revised
22 5.2 Subparagraph (k) added and subsequent subparagraph redesignated
24 5.4.2 First sentence revised
24 5.4.2.2 First sentence revised
24 5.4.2.4 Subparagraphs (a)(1), (b)(1)(-a), and (b)(2) revised
26 571 Revised
26 5.7.3 Subparagraph (a) revised and subpara. (c) deleted
27 Part 6 Revised in its entirety
33 8.3 (1) Subparagraphs (a) and (c) revised
(2) Subparagraphs (h) and (i) deleted
34 85 Deleted
35 9.1 9.1.1(b) and 9.1.2(a) revised
36 9.3 Subparagraphs (b) and (c) revised
36 9.4 Deleted
37 9.7.1 In subpara. (d), equation for capacity added
38 Table 9.7.2-1 Title of third column revised
38 9.7.3 Revised
39 9.7.4 First paragraph revised
39 9.7.5 First paragraph revised
39 9.7.6 Title, first paragraph, 9.7.6.4, and 9.7.6.6 revised
42 9.7.7 (1) First paragraph, 9.7.7.7(d), and 9.7.7.9 (formerly 9.7.7.8) revised

(2) 9.7.7.8 added and subsequent paragraph redesignated
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Page Location Change

44 9.8 Title and subparas. (a), (a)(2), (b), and (c) revised

45 9.9.1.2 Title revised

46 9.9.2.2 Title revised

48 10.1 Revised

48 10.6 Subparagraphs (c)(1) and (c)(2) revised

49 10.7 Subparagraph (a) revised

51 12.5 Title revised

52 12.8 Title revised

52 12.10 Added

53 13.1 Subparagraphs (a) and (b) revised

53 13.2 Second sentence deleted

53 13.3 Subparagraphs (b) and (c) revised

55 [-2 Definitions added and revised throughout to supportaddition of Mandatory
Appendix V and Nonmandatory Appendices D and<E

63 Mandatory Appendix II 11-3 deleted

66 V-1 In subpara. (b) nomenclature, definition of A\revised

67 Figure IV-1-1M Figure corrected by errata to the metric figure

67 Figure 1V-1-1 Figure corrected by errata to the U.S.\Customary figure

66 V-2 In subpara. (f), second sentence revised

71 V-4 Revised in its entirety

72 Mandatory Appendix V Added

140 Table C-1-1 Type of Certificate of Conformance for Certification Designator HV revised

141 Form HV-1 In Certificate of Shep.Compliance, “manufacturer” revised to “Manufacturer”

142 Table C-2-1 Instructions for.item (17) revised

144 Form UD-1 Title and line 2B editorially revised

145 Table C-2-2 Instructions-for item (18) revised

147 Table C-2-3 Instrtictions for item (18) revised

149 Table C-2-4 Instructions for item (17) revised

151 Form TD-1 Title and line 2B editorially revised

152 Table C-2-5 Instructions for item (18) revised

153 Nonmandatory Appendix D Added

160 Nonmandatory Appendix E Added

170 Nonmandatory Appendix F Added
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CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphahumerically designated para-
graph (e.g, PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator-ef that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators-under which the breakdown
appears. The following examples show the format:

(1) 1If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (=a).

(2) 1If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as\(1)(-a).

(3) 1If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced.as (c)(1)(-a).
(4) 1f X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referencéd’as X.1(c)(1)(-a).
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PART 1
GENERAL REQUIREMENTS

1.1 SCOPE

(a) The rules of this Section provide the requirements
for the overpressure protection of pressurized equipment
such as boilers, pressure vessels, and piping systems.
Overpressure protection methods include

(1) releasing excess pressure by use of pressure
relief devices

(2) applying controls to prevent an increase in pres-
sure (overpressure protection by system design)

(3) using a combination of (1) and (2)

(b) The referencing Code or Standard specifies the
objectives of the overpressure protection and acceptable
methods to achieve it. Where a pressure-releasing over-
pressure protection method is specified, the referencing
Code or Standard identifies the permissible devices based
on this Section’s rules for devices to be marked with the
Certification Mark and appropriate Designator (e.g., HV,
UV, UD).

(c) This Section includes

(1) requirements relating to pressure integrity ‘and
performance governing the construction and installation
of pressure relief devices. Construction requirements
include materials, design, manufacture, €xamination,
inspection, production testing, and certification. Installa-
tion requirements address only the variables that affect
the performance and pressure-reliéving function of the
devices, including the inlet angd-outlet piping.

(2) requirements for conducting tests and analyses
to determine the performance of pressure relief devices.
These include rules(for device-type certification of
relieving capacity and/or flow resistance and production
testing for new pressure relief devices.

(3) requikements for the use of overpressure protec-
tion by system design.

(4)~Mandatory Appendices that address specific
subjeets-not covered elsewhere in this Section.

(5) Nonmandatory Appendices that provide infor-
mation and suggested best practices.

(d) This Section contains requirements, specific prohi-
bitions, and nonmandatory guidance for the design, mate-
rials, manufacture, examination, inspection, testing,
assembly, installation, and certification of pressure
relief devices. The Code does not address all aspects of

applied in a manner consistent with the philesophy of
this Section, and such judgments shall'never be used
to overrule mandatory requirements -er\specific prohibi-
tions of this Section or the referencing Code or Standard.

(e) The scope of this Section- has’been established to
identify the devices and methqods considered in formu-
lating the rules given in thiS-Section. Laws or regulations
issued by municipal, state; provincial, federal, or other
enforcement or regulatory bodies having jurisdiction at
the location of anlinstallation establish the mandatory
applicability of the Code rules, in whole or in part,
within theirjurisdiction.

(f) In rélation to the geometry of pressure-containing
and presSure-retaining parts of a device, the scope of this
Section.shall begin at the inlet connection of the device and
end at the outlet connection of the device. The inlet and
outlet connections are defined as

(1) the first circumferential joint for welded connec-
tions, excluding the connecting weld

(2) the first threaded joint for screwed connections

(3) the face of the flange for bolted, flanged connec-
tions, excluding the bolting

(4) the first sealing surface for proprietary connec-
tions or fittings

1.2 ORGANIZATION

(a) This Section is divided into 13 Parts.

(1) Part 1 contains the scope and general require-
ments of this Section.

(2) Part 2 contains the responsibilities for providing
overpressure protection.

(3) Part 3 contains requirements for the design,
materials, inspection, testing, welding, and marking of
pressure relief valves.

(4) Part 4 contains requirements for the design,
materials, inspection, testing, welding, and marking of
rupture disk devices.

(5) Part 5 contains requirements for the design,
materials, inspection, testing, welding, and marking of
pin devices.

(6) Part 6 contains requirements for the design,
materials, inspection, testing, welding, and marking of
spring-actuated non-reclosing devices.

(25)

overpressure protection, and those aspects that are not
specifically addressed should not be considered prohib-
ited. In these situations, engineering judgment shall be

(7) Part 7 contains requirements for the design,
materials, inspection, testing, welding, and marking of
temperature and pressure relief valves.
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(8) Part 8 contains requirements for the use and
marking of devices in combination.

The American Society of Mechanical Engineers (ASME),
www. ASME.org

(9) Part 9 contains requirements for capacity and
flow resistance certification of pressure relief devices.

(10) Part 10 contains requirements concerning the
use of the Certification Mark.

(11) Part 11 contains requirements for open flow
paths and vents.

(12) Part 12 contains requirements and guidelines
for the installation of pressure relief devices; these re-
quirements and guidelines address only the variables
that affect the performance and pressure-relieving func-
tion of the devices.

(13) Part13 containsrequirements for overpressure
protection by system design.

(b) The Mandatory Appendices contain specific rules
that are not covered elsewhere in this Section. Their re-
quirements are mandatory, when applicable.

(c) The Nonmandatory Appendices provide informa-
tion and suggested best practices. The information
provided is not mandatory; however, if guidance in a Non-
mandatory Appendix is used, it shall be used in its entirety.

(d) When a Part, Article, or paragraph is referenced in
this Section, the reference shall be taken to include all
subdivisions under that Part, Article, or paragraph
(including all subparagraphs) and any tables, charts, or
figures referenced by that paragraph.

(e) Figures and tables providing relevant illustrations
or supporting information for text passages have been
designated based on the paragraph they illustrate of:
support. For a single figure or table, the designater
consists of the relevant paragraph designator folloewed
by “-1” (e.g., “10.1-1"). For multiple figures or tables-refer-
enced by the same paragraph, each designatorconsists of
the paragraph number followed by a hyphenated numer-
ical suffix that reflects the order of reference.

1.3 DEFINITIONS

The definitions for the terminology used in this Section
are contained in MandatotyjAppendix I.

1.4 REFERENCES

(a) Referenced Standards. Throughout this Section,
references_are made to various standards, such as
ASME standards. These standards, with the year of the
acceptable’ edition, are listed in Table 1.4-1. Rules for
the use of these standards are stated elsewhere in this
Séction.

The publishers of the referenced standards are as
follows:

American National Standards Institute (ANSI),

AOADALANSLOrg.
k=]

ASTM International, www.astm.org

National Board of Boiler and Pressure Vessel Inspectors
(NBBI), www.nationalboard.org

UL Solutions (UL) (formerly Underwriters Laboratories),
www.ul.com

Welding Research Council (WRC) (website unavailable)

(b) Additional References. The following references are
cited in this Section:

ASME Steam Tables (6th ed.) (1993). The.American
Society of Mechanical Engineers.

Bean, H. S. (Ed.) (1971). Fluid Meters;\Their Theory and
Application: Report of ASME ReSearch Committee on
Fluid Meters (6th ed.). The Américan Society of Mechan-
ical Engineers.

Benedict, R. P. (1977). Fundamentals of Temperature,
Pressure, and Flow Mgasurement (2nd ed., Chapters
10, 24). John Wiley & Sons.

Lapple, C. E. (1948). 'Isothermal and Adiabatic Flow of
Compressiblé)Fluids.” Transactions of the American
Institute of /€hiemical Engineers, 39, 385-432.

Levenspiel, 0. (1977, May).“The Discharge of Gases From a
Resetrvoir Through a Pipe.” AIChE Journal, 23(3), 402-
403

Perry, R. H.,, and Green, D. W. (Eds.) (1984). Perry’s Chem-
ical Engineers’ Handbook (6th ed.). McGraw-Hill Book
Co.

Taylor, J. L. (1988). Fundamentals of Measurement Error
(1st ed.). NEFF Instrument Corp.

1.5 UNITS OF MEASURE

(a) Either U.S. Customary, SI, or any local customary
units may be used to demonstrate compliance with re-
quirements of this Section. However, one system of
units shall be used consistently throughout the construc-
tion cycle for each individual relief device.

(b) For any single equation, all variables shall be
expressed in a single system of units. When separate equa-
tions are provided for U.S. Customary and SI units, those
equations shall be executed using variables in the units
associated with the specific equation. Data expressed
in other units shall be converted to U.S. Customary
units or SI units for use in these equations. The result
obtained from execution of these equations or any
other calculations carried out in either U.S. Customary
or SI units may be converted to other units.

(c) Production, measurement and test equipment,
drawings, welding procedure specifications, welding
procedure and performance qualifications, and other
manufacturing documents may be in U.S. Customary

American Petroleum Institute (API), www.api.org

S], or local customary units in accordance with the Manu-
facturer’s or Assembler’s practice. When values shown in
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calculations and analysis, manufacturing documents, or
measurement and test equipment are in different

(f) Material that has been manufactured and certified
to either the U.S. Customary or SI material specification

units, any conversions necessary to verify Code compli-
ance and ensure that dimensional consistency is main-
tained shall be in accordance with the following:
(1) Conversion factors shall be accurate to at least
four significant figures.
(2) The results of conversions of units shall be
expressed to a minimum of three significant figures.
(d) Conversion of units to the level of precision speci-
fied in (c) shall be performed to ensure that dimensional
consistency is maintained. Conversion factors between
U.S. Customary and SI units may be found in the
Nonmandatory Appendix A. Whenever local customary
units are used, the Manufacturer shall provide the
source of the conversion factors, which shall be subject
to verification and acceptance by the Certified Individual.
(e) Dimensions shown in the text, tables, and figures,
whether given as a decimal or a fraction, may be taken as a
decimal or a fraction and do not imply any manufacturing
precision or tolerance on the dimension.

(e.g., SA-516M) may be used regardless of the unit system
used in design. Standard fittings (flanges, elbows, etc.) that
have been certified to either U.S. Customary units or SI
units may be used regardless of the unit system used
in design.

(g) ltis acceptable to show alternative units parenthe-
tically.

1.6 TOLERANCES

This Section does not fully address tolerances. When
dimensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are consid-
ered nominal, and allowable telerances or local variances
may be considered acceptablewhen based on engineering
judgment and standard practices as determined by the
designer.
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Table 1.4-1
Acceptable Edition of Standards Referenced in This Section
Acceptable
Designator Title Edition
ANSI Z21.22/CSA 4.4 Relief Valves for Hot Water Supply Systems 2015
API 6A Specification for Wellhead and Tree Equipment 2018, 21st ed.
API 527 Seat Tightness of Pressure Relief Valves 2020, 5th ed.
API Standard 521 Pressure-Relieving and Depressuring Systems 2020, 7th edition
[Note (1)]

ASME B16.5

ASME B16.34

ASME B31.1

ASME B31.3

ASME BPVC, Section |
ASME BPVC, Section II

ASME BPVC, Section III,
Subsection NB

ASME BPVC, Section III,
Subsection NCD

ASME BPVC, Section III,
Subsection NE

ASME BPVC, Section IV

ASME BPVC, Section V

ASME BPVC, Section VIII,
Division 1

ASME BPVC, Section VIII,
Division 2

ASME BPVC, Section VIII,
Division 3

ASME BPVC, Section IX

ASME BPVC, Section X

ASME BPVC, Section XII

ASME CA-1

ASME MFC-3M

ASME PTC 19.1

ASME PTC 19.2

ASME PTC 19.3

ASME PTC 19.5

ASME PTC 19.11

ASME QAI-1

ASME SI-1

ASTM D1070

ASTM D1298

ASTM E380

NBBI NB*18
UL“969

WRC Bulletin 498

Pipe Flanges and Flanged Fittings

Valves — Flanged, Threaded, and Welding End
Power Piping

Process Piping

Rules for Construction of Power Boilers
Materials

Rules for Construction of Nuclear Facility Components — Class 1 Component§
Rules for Construction of Nuclear Facility Components — Class 2 and Class'3 Components
Rules for Construction of Nuclear Facility Components — Class MC Components

Rules for Construction of Heating Boilers
Nondestructive Examination

Rules for Construction of Pressure Vessels
Rules for Construction of Pressure Vessels —{Alternative Rules

Rules for Construction of Pressure Vessels = Alternative Rules for Construction of High
Pressure Vessels

Welding, Brazing, and Fusing Qualifications

Fiber-Reinforced Plastic Pressure Vessels

Rules for Construction and €ontinued Service of Transport Tanks
Conformity Assessment-Requirements

Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and Venturi
Test Uncertainty

Pressure Measurement

Temperature Measurement

FlowMeasurement

Steam and Water Sampling, Conditioning, and Analysis in the Power Cycle
Qualifications for Authorized Inspection

Orientation and Guide for Use of SI (Metric) Units

Standard Test Methods for Relative Density of Gaseous Fuels

Standard Test Method for Density, Relative Density, or API Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method

Metric Practice Guide
Pressure-Relief Device Certification
Standard for Marking and Labeling Systems

Guidance on the Application of Code Case 2211 — Overpressure Protection by Systems
Design

Latest edijtion
Latest-edition
Latest edition
Latest edition
Latest edition
Latest edition

Latest edition

Latest edition

Latest edition

Latest edition
Latest edition

Latest edition

Latest edition

Latest edition

Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition
Latest edition

Latest edition

Latest edition
Latest edition
Latest edition
2005

NOTE: (1) API Standard 521, 2020, 7th edition shall be used as referenced except for the following paragraphs:
(a) 4.4.9.3, Check Valve Leakage
(b) 4.4.14.2.1, Pressure Considerations for Heat Exchanger Tube Failure

(c) 4.4.14.4, Plate-and-Frame, Spiral-Plate, and Welded-Block Heat Exchangers
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Table 1.4-1
Acceptable Edition of Standards Referenced in This Section (Cont’d)

NOTE: (Cont'd)
(d) 4.4.14.5.2, Sulfur Recovery Unit Thermal Reactor Waste Heat Steam Generators

The listed paragraphs shall be used with the following clarification: The overpressure protection requirements, including for maximum
relief pressure and maximum pressure for overpressure protection by system design, shall be in accordance with the vessel code of construc-
tion.

For example, Section VIII, Division 1, UG-154 requires all vessels to be protected by a pressure reliefdevice, open flow path, or overpressure
protection by system design. Section VIII, Division 1, UG-153 provides the maximum relief pressure when pressure relief devices or openflow
paths are used, and UG-154(e) provides the maximum pressure for overpressure protection by system design. Section VIII, Division™1, UG-
152(d) specifically requires heat exchangers and similar vessels be protected with a pressure relief device of sufficient capaeity to avoid
overpressure in case of an internal failure.
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PART 2
PROTECTION AGAINST OVERPRESSURE

2.1 GENERAL

(a) The requirements of this Section, including the
Certification Mark and Designators, must be referenced
by an ASME Boiler and Pressure Vessel Code (BPVC)
Section or other Standard for pressurized equipment
before this Section becomes effective for that Code or
Standard.

(b) The referencing Code or Standard specifies the
objectives of the overpressure protection.

(c) The referencing Code or Standard provides the
required performance of the relief system, including
maximum relieving pressure and maximum set pressure.
The pressure relief devices provided in accordance with
this Section are designed to meet the performance re-
quirements of the referencing Code or Standard.

(d) The referencing Code or Standard provides basic
installation requirements for the protection of the pres-
surized equipment. This Section provides additional
installation requirements that will affect the performance
and safety function of the devices.

(e) The referencing Code or Standard identifies\the
permissible device types or methods. This Séction
provides specific requirements for pressure relief
devices and methods.

(f) The referencing Code or Standard*may specify
portions of this Section. In this case, only the referenced
portions of this Section shall apply,and the remaining re-
quirements shall come from the referencing Code or Stan-
dard.

EXAMPLE: ASME Boiler and_Pressure Vessel Code (BPVC)
Sections I and III currently refer to this Section for capacity certi-
fication only. Materials;\design, fabrication, nondestructive
examination, pressure testing, and Certification by the Manufac-
turer shall meet theréquirements of Section I or Section III. The V
and NV Designators are used in this Section only to highlight
requirements specific to pressure relief devices for Section I
and Section/ 11l service, respectively.

(g)-If there is a conflict between Section XIII and the
réferencing Code or Standard, the referencing Code or
Standard takes precedence.

(h) Table 2.1-1 summarizes the pressure relief devices
and methods permitted by ASME BPVC Sections. If there is
a difference between the information in Table 2.1-1 and

2.2 RESPONSIBILITIES

(a) Thereferencing Code or Standarddefines the duties
required for Code compliance and th€ parties responsible
for performing those duties. The-duties include, butare not
limited to, the following:

(1) design, construction,.and installation of the pres-
sure relief system other\than the pressure relief device

(2) determination of all potential overpressure
scenarios and of the.method of overpressure protection
used to mitigate)each scenario

(3) selettion of the type of overpressure protection
as described,in this Section

(4)sizing and selection of the pressure relief
device(s) based on the intended service

(5) installation ofthe pressure-relieving device prior
to’operation

(b) The Manufacturer or Assembler of the pressure
relief device to which the Certification Mark will be
applied shall be responsible for complying with all of
the requirements of this Section. A Certified Individual
(CD shall provide oversightasrequired by 10.6. The Manu-
facturer or Assembler is not responsible for the require-
ments or guidance for installation of pressure relief
devices provided in this Section.

(c) Some types of work performed on devices (e.g.,
machining, forming, nondestructive examination, and
heat treating) may be performed by parties other than
the Manufacturer. It is the Manufacturer’s responsibility
to ensure that all work so performed complies with all the
applicable requirements of this Section.

2.3 SET PRESSURE

The range of allowable set pressures for each pressure
relief device is defined by the referencing Code or Stan-
dard.

2.4 OVERPRESSURE

The maximum allowable overpressure for each pres-
sure relief device is defined by the referencing Code or
Standard.

the provisions of the ASME BPVCU Section, the ASME BPVC
Section shall apply.
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Table 2.1-1
Permitted Pressure Relief Devices or Methods by ASME BPVC Section
111 VIII
Division 2
Device or Method NB NCD NE 1A% Division 1 [(1D)] Division 3 X XII
Direct spfing-loaded pressure relief valve Vv NV-1 NV-2, NV-3 | NV-1,NV-2[(2)] | HV,V | UV, V [(3)] | UV, V [(3)] Uv3, UV [(4)] | UV, HV, V [(3)] | TY, UV
[(5),
(6)]
Pilot-opefated pressure relief valve \" NV-1 NV-2, NV-3 uv uv, vV [(3)] e uv
Power-adtuated relief valve \' NV-1 NV-2, NV-3 | P P [(7)]
Rupture flisk R P [(8)] ubD uD UD3, UD [(9)] | UD T, UD
((5),
(6)]
Pin devide [(8)] uD uD uD TP, UD
[(5),
(6)1
Spring-adtuated non-reclosing pressure relief {(8)] uD uD
device
Temperature and pressure relief valves - HV o
Rupture flisk upstream of pressure relief valve | P [(11)] P P P P P[(12)]
(see 8.p) [(10)]
Rupture flisk downstream of pressure relief P P P P P
valve (kee 8.3) [(10)]
Pin devide upstream of pressure relief valve P P P[(12)]
(see 8.4) [(10)]
Open floyv paths or vents P P P P o
Fusible plugs P[(13)]
Overprespure protection by system design Ce P P P
Vacuum relief devices NV-2, NV-3 | NV-2
GENERAL. NOTES:
(a) If there is a difference between the information in Table 2.1-1 and the provisions of the ASME BPVC Section, the ASME'BPYC-Section shall apply.
(b) Alloyable devices and methods are indicated by either the letter P (permitted) or one or more of the following Certification‘Mark Designators:
HV| = heating boiler pressure relief valve
NV-1 = nuclear Class 1 pressure relief valve
NV-2 = nuclear Class 2 pressure relief valve
NV-3 = nuclear Class 3 pressure relief valve
TV = transport tank pressure relief valve
UD = pressure vessel pressure relief device
UD3 = high pressure vessel pressure relief device, Section VIII, Division 3
UV = pressure vessel pressure relief valve
UV3 = high pressure vessel pressure relief valve, Section VIII, Division 3
V| = power boiler safety relief valve

(25)
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Table 2.1-1
Permitted Pressure Relief Devices or Methods by ASME BPVC Section (Cont’d)

NOTES:
(1) Al
VII
(2) Ap
(3) Pre
Div]
4)
req|
(5) Pr
XII,
(6) Pre
Ma
con
(7) Sec
(8) Not
(99 Rug
(10) Ead
(11) Rug
(12) No
spe]
(13) The

Pr:Esure reliefvalves meeting the requirements of Section VIII, Division 1 or Division 2 may be used on pressure vessels constructed to Section VIII, Division 3, provided they also mee

bressure relief devices permitted in Section VIII, Division 1 and bearing the Certification Mark and either the UV or UD Designator may be used on pressure vessels constructed to

Division 2.

ressure relief device designed tb either Class 1 or Class 2, as classified by the Design Specification, may be used for Section III NE service.

ksure relief valves certified for a steam*discharging capacity under the provisions of Part 9 and bearing the Certification Mark and V Designator may be used on Section VIII, Divi

sion 2, and Section X pressure vesséls: S|
t

irements for Section VIII, Division 3.
sure relief devices certified for service in unfired-pressure vessels per Section VIII, Division 1 may be used for Section XII applications if they meet the additional requirements of]
particularly the Modal Appendices.

ksure relief devices, rupture disk devices, or pin deviceSeertified for service in unfired pressure vessels per Section VIII, Division 1 may be used in transport tank service, provided
hufacturer or user of the tank has determined that the deviges are suitable for the intended service application. Suitability shall be determined based on the temperatures, pressu
hpatibility with the goods transported in the specific applieation.

fion VIII, Division 3 power-actuated pressure relief valves are/not within the scope of Section XIII. See Section VIII, Division 3 for requirements.

-reclosing pressure relief devices are unacceptable. See Section A1l; Division 1, Subsection NE, NE-7161.

ture disk devices bearing the Certification Mark and UD Designator-in accordance with Section XIII may be used [see Section VIII, Division 3, KOP-152(c)].
h device of a combination shall be marked with the Certification Mark’and appropriate Designator.

ture disks are permitted on the inlet of pressure relief valves for organit/vaporizers only. See Section I, PVG-12.3.

-reclosing pressure relief devices for Section XII applications shall be used onlyasypart of a combination relief device, except where their use as the sole overpressure protection d
cifically authorized by the competent authorities with jurisdiction over the tank’s operation.
Certification Mark and Designator are not required. See Section XII for requiremients.

Section

ion 1 or
specific
Section

he tank
es, and

eviceis

SZ0Z-IIXDAdI NSV
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PART 3
REQUIREMENTS FOR PRESSURE RELIEF VALVES

3.1 GENERAL

3.1.1 Applicability of Part 3 Requirements

This Part contains requirements applicable to all pres-
sure relief valves that are to be marked with the Certifica-
tion Mark and any Designator. Requirements unique to a
specific Designator are identified.

3.1.2 Valve Characteristics

(a) All pressure relief valves shall be of the direct
spring-loaded, pilot-operated, or power-actuated type.
(b) Pilot-operated pressure relief valves shall be
designed such that
(1) the pilot is self-actuated
(2) the main valve will open automatically at a pres-
sure not exceeding the set pressure
(3) if some essential part of the pilot fails, the main
valve will discharge its full rated capacity at or below the
relieving pressure used to determine its rated capdcity
(c) Section VIII, Division 1 and Division 2 (UV\Desig-
nator) pressure relief valves shall be designed and
constructed such that when installed per Section VIII,
Division 1, UG-156, they comply with the.fellowing:
(1) They shall operate without chattering.
(2) When operating at the flow-rated pressure, they
shall not flutter in a way that would either interfere with
the measurement of capacity, 6 result in damage.

3.2 DESIGN AND MECHANICAL REQUIREMENTS
3.2.1 Body

In the desigh of the body of the pressure relief valve,
consideration shall be given to minimizing the effects of
deposits.

3.2.2_Drains

(a) 1f the design of a pressure relief valve is such that
liquid can collect on the discharge side of the disk, then,
exceptas permitted in (b), the valve shall be equipped with
a drain at the lowest point at which liquid can collect.

(b) Pressure relief valves that cannot be equipped with
a drain as required in (a) because of design or application

(1) The pressure relief valves are used-only on gas
service where there is neither liquid discharged from the
valve nor liquid formed by condensatien\on the discharge
side of the valve.

(2) The pressure relief valves-are provided with a
cover or discharge piping petn12.8(c) to prevent liquid
or other contaminant from-entering the discharge side
of the valve.

(3) The pressure relief valve is marked FOR GAS
SERVICE ONLY in_addition to being marked as required
by 3.9.

(c) For Section IV (HV Designator) pressure relief
valves exéeeding DN 65 (NPS 2%), the drain hole or
holes shall be tapped not less than DN 10 (NPS %;).
For valves of DN 65 (NPS 2%) or smaller, the drain
holetshall not be less than 6 mm (% in.) in diameter.

3.2.3 Bonnet

(a) The bonnet of balanced direct spring-loaded pres-
sure relief valves shall be vented to prevent accumulation
of pressure in the bonnet.

(b) The bonnet of Section VIII, Division 3 (UV3 Desig-
nator) pressure relief valves shall be vented to prevent
accumulation of pressure. Sealing or isolation of the
bonnet area from the relieving fluid may be required
for protection of the spring assembly from corrosion
or solids accumulation.

3.2.4 Seat

If the valve seat is not integral with the body of the pres-
sure relief valve, it shall be secured to the body of the
pressure relief valve in such a way that there is no possi-
bility of the seat lifting or separating.

3.2.5 Springs for Direct Spring-Loaded Valves

(a) The spring of a direct spring-loaded valve shall be
designed so that the spring compression at full lift of the
valve shall not be greater than 80% of the nominal solid
deflection. Alternatively, for Section XII (TV Designator)
valves only, a design in which the spring compression at
full lift equals or exceeds 80% is permitted, provided the

valve has been tested and meets the acceptance criteria of
Part O

(25)

may be used, provided all the following conditions are
met:
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(b) The permanent set of the spring shall not exceed
0.5% of the original free length. Permanent set is

3.2.8 Wrenching Surfaces

defined as the difference between the original free
length and the free length after the spring has been
preset at room temperature by compressing it to its
solid height three times. Measurement shall be taken
at least 10 min following the preset.

(c) For direct spring-loaded valves that have set pres-
sures above the maximum pressure used in the capacity
certification tests, the spring force ratio shall not exceed
1.1 times the spring force ratio of the valve with the
highest set pressure that was used in the capacity certi-
fication tests. For direct spring-loaded valves that have
orifices larger than the largest size used in the capacity
certification tests, the spring force ratio shall not exceed
1.1 times the spring force ratio of the valve with largest
size orifice in the capacity certification tests. The spring
force ratio, Rys; shall be calculated as follows:

Rsf = F,/Fy

where
F,. = force exerted by the spring when the valve is
closed or seated
F,, = force exerted by the spring when the valve is at

rated lift

3.2.6 Guiding Arrangements

(a) The design of the pressure relief valve shall incor-
porate guiding arrangements necessary to ensure consis«
tent operation and seat tightness.

(b) Bottom-guided designs are not permitted-'on
Section IV (HV Designator) pressure relief valyes:.

3.2.7 Lifting Device

(a) Section VIII (UV Designator) pressure relief valves
intended for use on air or steam,service, or on water
service where the valve inlet temperature exceeds
60°C (140°F) excluding overpressure or relief events,
shall have a substantial lifting'device that, when activated,
will release the seating force on the disk when the pres-
sure relief valve is subjected to a pressure of at least 75%
of the set pressure_of the valve.

(b) Section VHL(UV Designator) pilot-operated pres-
sure relief valves used on the services described in (a)
shall be provided with either a lifting device as described
in (a) ofta'means for connecting and applying pressure to
thepilot adequate to verify that the moving parts critical to
ptopér operation are free to move.

(c) Section IV (HV Designator) pressure relief valves
shall have a lifting device and a mechanical connection
between the lifting device and the disk capable of
lifting the disk from the seat a distance of at least 1.5

Pl Co5UIlcc lC‘lin leVCD lmviug Llll cadcd illlUL Ul UULIUL
connections shall be provided with wrenching surfaces
to allow for normal installation without damage to oper-
ating parts.

3.2.9 Sealing of Adjustments

(a) Means shall be provided in the design of all pressure
relief valves for sealing all external adjustments that can
be made without disassembly of the valve.

(b) Seals shall be installed by the Manufacturer or
Assembler after all adjustments required-fox production
testing.

(c) Seals shall be installed in a mannerto prevent chan-
ging the adjustment without breaking the seal.

(d) For pressure relief valves larger than DN 15
(NPS '), the seal shall serve’as a means of identifying
the Manufacturer or Assembler making the adjustment.

3.2.10 Diaphragm-Type Direct Spring-Loaded
Pressure Relief Valves

Diaphragm:type direct spring-loaded pressure relief
valves shdll meet the following requirements:

(a) The'space above the diaphragm shall be vented to
prevent’accumulation of pressure above the diaphragm.

(b) The valve shall be designed so that failure or dete-
fioration of the diaphragm material will not impair the
valve’s ability to relieve at the rated capacity.

3.2.11 Restricted-Lift Designs

Valve capacity may be limited by restricting the lift of a
valve, provided the following requirements are met:

(a) The valve size shall be DN 20 (NPS ,) or larger.

(b) No changes shall be made in the design of the valve,
except to change the valve lift by use of a lift-restraining
device described in (c).

(c) The restriction of valve capacity shall be permitted
only by the use of a lift-restraining device that shall limit
valve lift and shall not otherwise interfere with flow
through the valve.

(1) The design of the lift-restraining device shall be
subject to review by an ASME Designated Organization.
(2) The lift-restraining device shall be designed so
that, if the device is adjustable, the adjustable feature
can be sealed. Seals shall be installed by the valve Manu-
facturer or Assembler at the time of initial adjustment.

(d) The valve lift shall be no less than 30% of full rated
lift, or 2 mm (0.080 in.), whichever is greater.

(e) The restricted-lift nameplate capacity shall be
determined by multiplying the capacity at full rated lift
by the ratio of the restricted lift to the full rated lift.

(25)

mm (1 16 1I.J W1th no pressure on the boller.

10
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3.2.12 0-Rings and Packing

(1) listed in Section II, or
(2) listed in ASTM specifications, or

G'l illsb Ul ULllCl pdbl\illg L‘lUViLUD uacd UIl L‘Ilt SLCIILS Uf
pressure relief valves shall be arranged so that valve
performance meets the requirements of this Section.

3.2.13 Inlet/Outlet Connections

(a) The inlet opening of a Section IV (HV Designator)
pressure relief valve shall have an inside diameter
approximately equal to, or greater than, the seat diameter.
In no case shall the maximum opening through any part of
the valve be less than 6 mm (%, in.) in diameter or its
equivalent area.

(b) Pressure relief valves for Section IV, Part HLW (HV
Designator) potable water heaters shall be at least DN 20
(NPS %,).

(c) Any Section VIII (UV Designator) pressure relief
valve in liquid service shall be at least DN 15 (NPS ).

(d) Threaded inlet or outlet connections for Section
VIII, Division 3 (UV3 Designator) valves shall be in accor-
dance with Section VIII, Division 3, KD-6.

3.2.14 Pop Action

Section IV (HV Designator) pressure relief valves shall
have pop action (rapid opening) when tested using steam.

3.3 MATERIAL REQUIREMENTS
3.3.1 General

(a) Materials used in bodies, bonnets, yokes, anddbody-
to-bonnet or body-to-yoke bolting shall be as permiitted in
Section II, Part D by the referencing Code, ‘except for
Section IV (HV Designator) pressure relief valves, for
which the Manufacturer may use materials other than
those listed in Section II. In those cases, the Manufacturer
shall establish and maintain specifications requiring
equivalent control of chemicdl’and physical properties
and quality.

In addition, the following requirements apply:

(1) For Section VHI; Division 1 (UV Designator) pres-
sure relief valves, the bodies, bonnets, yokes, and body-to-
bonnet or body=te-yoke bolting shall meet all applicable
requirements of Section VIII, Division 1, Subsection C.

(2) For.Section VIII, Division 3 (UV3 Designator)
pressure)relief valves, the bodies, bonnets, yokes, and
bod$-to-bonnet or body-to-yoke bolting shall meet all ap-
plicable requirements of Section VIII, Division 3, Article
KM.

(3) For Section XII (TV Designator) pressure relief
valves, the bodies, bonnets, yokes, and body-to-bonnet
or body-to-yoke bolting shall meet all applicable require-
ments of Section XII, Part TM.

(b) Other than as specified in (a), all parts required for

(3) controlled by the Manufacturer of the pressure
relief valve by a specification ensuring control of chemical
and physical properties and quality at least equivalent to
that of ASTM standards

(c) No materials liable to fail due to deterioration or
vulcanization when subjected to saturated steam
temperature corresponding to capacity test préssure
shall be used for Section IV (HV Designator) préessure
relief valves.

3.3.2 Seats and Disks

(a) Cast iron seats and disks ateijnot permitted.

(b) The seats and disks of pressure relief valves shall be
of suitable material to resistiearrosion by the fluid to be
contained. The degree of Carrosion resistance, appro-
priate to the intended service, shall be a matter of agree-
ment between the Manhufacturer and the purchaser.

(c) When selecting materials for seating surfaces, the
Manufacturer\shall consider the potential for brinelling
and its effects on the performance of the pressure
relief valve,

(d){Material for seats and disks should be such as to
previde a reasonable degree of resistance to erosion
caused by high-velocity steam (i.e., steam cutting)
When the pressure relief valve is used in steam or hot
water applications.

(e) Nonmetallic disk inserts and seals shall be compat-
ible with the maximum design temperature established
for the pressure relief valve.

3.3.3 Guiding/Sliding Surfaces

(a) When selecting materials for sliding surfaces, the
Manufacturer shall consider the potential for galling
and its effects on the performance of the pressure
relief valve.

(b) Adjacent sliding surfaces, such as guides and disks
or disk holders, shall both be of corrosion-resistant mate-
rial. The degree of corrosion resistance, appropriate to the
intended service, shall be a matter of agreement between
the Manufacturer and the purchaser.

(c) For Section VIII, Division 3 (UV3 Designator) pres-
sure relief valves, galling resistance shall be demonstrated
on a prototype valve by popping a valve to full lift ten
times, with subsequent disassembly and inspection
showing no indication of galling.

3.3.4 Springs

Springs shall be made of corrosion-resistant material or
shall have a corrosion-resistant coating.

(25)

the pressure-relieving or pressure-retaining function
shall be of materials that are

11
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3.4 INSPECTION OF MANUFACTURING AND/OR
ASSEMBLY

repeated at the rate of two replacement pressure relief
valves, selected in accordance with 3.4.2.1, for each pres-

3.4.1 General

(a) A Manufacturer or Assembler shall demonstrate to
the satisfaction of a representative from an ASME Desig-
nated Organization that the manufacturing, production,
and testing facilities and quality control procedures
will ensure agreement between the performance of
random production samples and the performance of
those devices submitted for capacity certification.

(b) At the time of the submission of pressure relief
valves for capacity certification or testing in accordance
with 3.4.2, the representative of the ASME Designated
Organization has the authority to review the device
design for conformity with the requirements of 3.2 and
3.3, and to reject or require modification of designs
that do not conform.

(c) Manufacturing, assembly, inspection, and test
operations, including capacity testing, are subject to
inspections at any time by a representative of the
ASME Designated Organization.

3.4.2 Production Certification

A Manufacturer or Assembler may be granted permis-
sion to apply the Certification Mark and appropriate
Designator to production pressure relief valves whose ca-
pacity has been certified in accordance with Part 9,
provided the testing described in this paragraph is
successfully completed. This permission shall expire en
the sixth anniversary of the date it is initially granted.
The permission may be extended for 6-yr periods if
the testing described in this paragraph is stccessfully
repeated within the 6-month period before eéxpiration.

3.4.2.1 Sample Selection. Two sample production
pressure relief valves of a size and\capacity within the
testing capability of an ASME-accepted laboratory shall
be selected by a representative from an ASME Designated
Organization. All sample (pressure relief valves having
adjustable blowdown-*construction shall have the
control elements pesitioned by the Manufacturer or
Assembler per the.\Manufacturer’s specification.

3.4.2.2 Testing. Operational and capacity tests shall be
conducted(inythe presence of a representative from an
ASME Designated Organization at a testing facility
meeting the requirements of ASME CA-1. The pressure
relief valve Manufacturer or Assembler shall be notified
of-the time of the test and may have representatives
present to witness the tests.

3.4.2.3 Test Results

above its certified capacity, or should it fail to meet perfor-
mance requirements of this Section, the test shall be

12

sure relief valve that failed.

(b) If a sample pressure relief valve with adjustable
blowdown construction selected from a Manufacturer
exhibits a blowdown that exceeds the value in
Table 3.4.2.3-1, then an adjustment shall be made to
meet this performance condition, and the operational
and capacity tests shall be repeated. This adjustment
may be made at the flow test facility. For each yvalve
whose blowdown requirement cannot be met_through
adjustment, the test shall be repeated with one replace-
ment pressure relief valve, selected in aceordance with
3.4.2.1.

(c) Should any of the replacement’/pressure relief
valves described in (a) fail to meet'the’capacity or perfor-
mance requirements of this Section, the Manufacturer or
Assembler shall determine thé“cause of failure and take
corrective action to guard against future occurrence. This
cause of failure and corrective action shall be documented
and submitted to the.ASME Designated Organization
within 60 days of the failure or be cause for revocation
of the authorjzation to use the Certification Mark on that
particular type-of valve. Upon the ASME Designated Orga-
nization’s\aeCeptance of the submitted corrective action,
the requirements of 3.4.2 shall apply.

3.4.3 Alternative Tests for Valves That Exceed the
Laboratory Capabilities

(a) For valves that exceed the laboratory testing
capabilities and for which lift at rated overpressure
can be measured, the alternative method described
below shall be used in lieu of the test requirements of
3.4.2.1, 3.4.2.2, and 3.4.2.3(a).

(1) Two production valves that are representative of
the design shall be tested per Mandatory Appendix V,
Article V-3. The tests shall demonstrate to the satisfaction

Table 3.4.2.3-1
Maximum Blowdown for Sample Valves During Testing

Maximum Blowdown for
Sample Valves During Testing

Certification Mark
Designator [Note (1)]

HV 15 kPa to 30 kPa (2 psi to 4 psi)
[Note (2)]

UV or UV3 7% of the set pressure or 20 kPa (3 psi),
whichever is greater

TV 7% of the set pressure or 20 kPa (3 psi),
whichever is greater

NOTES:

(1) See the General Note of Table 2.1-1 for the valve types to which
the Certification Mark Designators apply.
Thi T ppliestotow=pressureste vhoiterpres-

sure relief valves with set pressure equal to or less than 100 kPa
(15 psi) only. This blowdown need not be adjustable.
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of the representative of the ASME Designated Organiza-
tion that the valves satisfy the following conditions:

(a) Use of the Certification Mark and appropriate
Designator by an Assembler indicates the use of original,

(25)

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required
by Table 3.6.3.1-2.

(-b) The valve will achieve the minimum lift for its
certified capacity.

(-¢) The valve will operate without chatter or
flutter.

If only one valve of the design will be produced within
the 6-yr period for which the permission is granted, only
that valve need be tested as stated above.

(2) The testing shall be performed at a facility that is
mutually agreeable to the Manufacturer, the representa-
tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (1)(-a) through (1)(-c).

(3) Inthe event of failure of the tests, 3.4.2.3(c) shall
apply.

(b) For valves that exceed the laboratory testing
capabilities and for which lift at rated overpressure
cannot be measured, the alternative method described
below shall be used.

(1) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 3.4.2.1, 3.4.2.2,
3.4.2.3(a), and 3.4.2.3(c) are followed and the following
additional test requirements are met:

(-a) Two production valves that are representa-
tive of the design shall be tested per Manddtory
Appendix V, Article V-3. The testing shall demonStrate
to the satisfaction of the representative of the ASME Desig-
nated Organization that

(-1) the measured set pressure.is consistent
with the stamped set pressure within the tolerances
required by Table 3.6.3.1-2

(-2) asecondary pressure zone leakage test and
a seat tightness test are demonSstrated in accordance with
3.6.2 and 3.6.4

If only one valye.ef'the design will be produced
within the 6-yr pertod for which the permission is
granted, only thatwyalve need be tested as stated above.

(-b) Thetesting shall be performed at a facility that
is mutually agreéable to the Manufacturer, the represen-
tative of an ASME Designated Organization, and the facility
owner{ The facility shall be capable of demonstrating the
characteristics stated in (-a)(-1) and (-a)(-2).

(-¢) In the event of failure of the tests, 3.4.2.3(c)
shall apply.

(2) For 6-yr renewal of capacity certification, (1)(-a)
through (1)(-c) shall apply.

3.5 ASSEMBLER REQUIREMENTS

unmodified parts in strict accordance with the instruc-
tions of the Manufacturer of the pressure relief valve.

(b) The Assembler shall be located in and work from
facilities separate from the Manufacturer's facilities.

(c) An Assembler may be organizationally independent
of the Manufacturer or may be wholly or partly owned.by
the Manufacturer.

(d) AnAssembler may transfer original and unimodified
pressure relief parts produced by the Mafufacturer to
another Assembler, provided all of the following condi-
tions are met:

(1) Both Assemblers have beengranted permission
to apply the Certification Mark and appropriate Desig-
nator to the specific valve typein which the parts are
to be used.

(2) The quality control system of the Assembler
receiving the pressure relief valve parts defines the
controls for the procurement and acceptance of those
parts.

(3) Thepressure relief valve parts are appropriately
packaged, \marked, or sealed by the Manufacturer to
ensure that the parts are produced by the Manufacturer
and are’original and unmodified.

te)” An Assembler may convert original finished parts
by either machining to another finished part or applying a
corrosion-resistant coating to valve springs for a specific
application under the following conditions:

(1) Conversions shall be specified by the Manufac-
turer. Drawings and/or written instructions used for
part conversion shall be obtained from the Manufacturer
and shall include a drawing or description of the converted
part before and after the conversion.

(2) The Assembler’s quality control system, as
accepted by an ASME Designee, shall describe in detail
the conversion of original parts, provisions for inspection
and acceptance, personnel training, and control of current
Manufacturer’s drawings and/or written instructions.

(3) The Assembler shall document each use of a
converted part and that the part was used in strict accor-
dance with the instructions of the Manufacturer.

(4) The Assembler shall demonstrate to the Manu-
facturer the ability to perform each type of conversion.
The Manufacturer shall document all authorizations
granted to perform part conversions. The Manufacturer
and Assembler shall maintain a file of such authorizations.

(5) For an Assembler to offer restricted lift valves,
the Assembler shall demonstrate to the satisfaction of
the Manufacturer the ability to perform valve lift restric-
tions. The Manufacturer shall document all authorizations
granted to restrict the lift of the valves. The Assembler
shall maintain a file of such authorizations and the
records of each lift restriction made

The following requirements apply only to valves to be
marked with the Certification Mark and UV, UV3, or TV
Designator:

13
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(6) At least annually the Manufacturer shall review
each Assembler’s system and conversion capabilities. The

3.6.2 Secondary Pressure Zone Test

Manufacturer shall document the results of these reviews.
The Assembler shall keep a copy of this documentation on
file. The review results shall be made available to a repre-
sentative from an ASME Designated Organization.

(f) In addition to the data required by 3.9, the marking
shall include the name of the Manufacturer and the final
Assembler. The Certification Mark shall be that of the final
Assembler.

3.6 PRODUCTION TESTING

All pressure reliefvalves to which the Certification Mark
is to be applied shall be subjected to the tests of this para-
graph by the Manufacturer or Assembler. A Manufacturer
or Assembler shall have a documented system for the
application, calibration, and maintenance of gages and
instruments used during these tests. Testing time on
steam pressure relief valves shall be sufficient, depending
on size and design, to ensure that test results are repea-
table and representative of field performance.

3.6.1 Pressure Testing

The requirements of 3.6.1 shall not apply to Section IV
(HV Designator) pressure relief valves.

(a) The pressure-containing parts of the shell of each
valve are subject to pressure testing.

(b) Avalve shell partis exempt from pressure testing if
both of the following conditions apply:

(1) The stress that would be applied under hydreé-
static test conditions does notexceed 50% of the allowable
stress.

(2) The part is not cast or welded.

(c) When the valve is designed for discharging directly
to atmosphere, the valve components downstream of the
valve disk are exempt from pressure-testing.

(d) Valve components are exempt from pressure
testing if they are fully contdined within pressure-
containing parts that have.been either pressure tested
or exempted from pressure-testing by (b).

(e) Avalve shell partrequiring pressure testing shall be
tested either

(1) hydrosfatically at a minimum 1.5 times the
design pressute of the part, or

(2) preumatically at a minimum 1.25 times the
design pressure of the part

CAUTION: Pneumatic testing can be hazardous; it is there-
fore,recommended that special precautions be taken when
conducting a pneumatic test.

(f) Pressure testing may be done in the part or
assembled condition.
(g) Pressure testing shall be conducted after all

taExceptforthe vatvesdescribed i {b);att closed:
bonnet pressure relief valves that have an inlet size
exceeding DN 25 (NPS 1) and that are designed for
discharge to a closed system shall have their secondary
pressure zones tested with air or other gas at a pressure of
atleast 200 kPa (30 psi). The user may specify a higher test
pressure commensurate with the back pressure antiei*
pated in service.

(b) The secondary pressure zone of each Sectiow VIII,
Division 3 (UV3 Designator) closed-bonnet pressure relief
valve shall be tested at 1.25 times the stated\design pres-
sure of the secondary pressure zone butnot at less than
0.125 times the design pressure of the primary parts.

(c) Parts subjected to secondary ptressure zone testing
shall not exhibit a sign of leakage:

3.6.3 Set Pressure Tests
3.6.3.1 General

(a) Each pressurereliefvalve to which the Certification
Mark and apprepriate Designator is to be applied shall be
tested by theManufacturer or Assembler to demonstrate
the valve's set pressure.

(b) Set\pressure tests for pressure relief devices shall
be coriducted using the test fluid specified in Table
36.3.1-1.

(c) Testfixturesand test drums, where applicable, shall
be of adequate size and capacity to ensure that pressure
relief valve action is consistent with the marked set pres-
sure within the applicable tolerances shown in
Table 3.6.3.1-2.

(d) When pressure relief valve service conditions differ
from test stand conditions due to superimposed back
pressure or temperature, or both, the actual test pressure
(cold differential test pressure) shall be adjusted and
marked on the valve per 3.9(e)(4)(-a). When superim-
posed back pressure contributes to the cold differential
test pressure, it shall also be marked on the valve per
3.9(e)(4)(-b).

(e) For Section IV (HV Designator) pressure relief
valves for steam service (i.e.,, steam boiler), the applicable
operating characteristic shall be popping pressure.

(f) For Section IV (HV Designator) pressure relief
valves for other than steam service (i.e., steam boiler)
and all other valve types (UV, UV3, and TV Designators),
the applicable operating characteristic to be displayed for
a specific valve design shall be specified by the device
Manufacturer. See the definition of “set pressure” in
Mandatory Appendix I for allowable operational charac-
teristics.

3.6.3.2 Alternative Test Methods

(25)

Mmachining and welding operations have been completed.
(h) Parts subjected to pressure testing shall not exhibit
a sign of leakage.

14

(a) The following alternative method may be used in
lieu of 3.6.3.1(a) to test pilot operated pressure relief
valves:
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Table 3.6.3.1-1
Test Fluid for Set Pressure Tests

Table 3.6.3.1-2
Set Pressure Tolerances for Pressure Relief Valves

Pressure Relief Device

Certification Mark

Designator
[Note (1)] Service Test Fluid
HV Steam Steam or air

Saturated water
uv Steam [Note (2)]

Gas or vapor

Water, steam, or air
Steam [Note (3)]

Air or other suitable
gas

Water or other suitable
liquid

Incompressible
fluids (liquids)

uv3 Compressible Air or other suitable
fluids gas

Water or other suitable
incompressible fluid

Incompressible
fluids (liquids)

TV Compressible Air or other suitable
fluids gas

Water or other suitable
liquid

Incompressible
fluids (liquids)

NOTES:

(1) See the General Note of Table 2.1-1 for the valve types to which
the Certification Mark Designators apply.

(2) Also applicable for valves having special internal parts for steam
service.

(3) Ifthesizeorsetpressure of the pressurereliefvalve to be tested is
beyond the capability of the production steam test facility, the
valve may be tested on air. Necessary corrections for differentjals
in set pressure between steam and air shall be established by.the
Manufacturer and applied to the set pressure on air.

(1) The pilot of a pilot-operated pressure relief valve
shall be tested separately to establish the pressure at
which the pilot will actuate the fgain valve. The test
fluid shall be that specified in Table 3.6.3.1-1.

(2) The fully assembled valve shall then be tested to
verify that all components are properly connected and
leak tight and that the\pilot actuates the main valve.
For liquid or steam service, this test may be conducted
on air or other suitable gas.

(b) When thesequirements of 3.6.3.1(c) cannot be met,
one of the following alternative methods may be used:
(1) Direct Spring-Loaded Pressure Relief Valves

(-a) If testing of a direct spring-loaded pressure
relief valve is beyond the capabilities of the production
test' equipment, an alternative test method [see (-b)]
may be used, provided all the following conditions are
met:

(-1) Testing the valve at full pressure could
cause damage to the valve, or testing of the valve is imprac-
tical due to safety considerations related to operating the

Certification Mark

Designator Set Pressure,
[Note (1)] kPa (psi) Tolerance
HV <100 (=15) +15 kPa (2 psi)
[Note (2)]
<400 (<60) +20 kPa (#3 psi)
>400 (>60) +5% of set pressure
uv <500 (=70) %15 kPa (£2psi)
>500 (>70) +3% of sét/pressure
All pressures -0%,+10% of set
pressure [Note (3)]
uv3 All pressures +3% of set pressure
TV <500 (<70) +15 kPa (#2 psi)
>500 (>70) +3% of set pressure
NOTES:

(1) See the General Note«of Table 2.1-1 for the valve types to which
the Certification Mack.Designators apply.

(2) Thissetpressure tolérance applies to low-pressure steam heating
boilers only;,

(3) This set ptessure tolerance applies to valves that are capacity
certified{for application in accordance with Section VIII,
Division/1, UG-153(a)(3).

(-3) For valves with adjustable blowdown, the
blowdown control elements are set to the valve manufac-
turer’s specification.

(-4) The valve design is compatible with the
alternative test method selected.

(-b) One of the following alternative test methods
may be used:

(-1) The valve lift may be temporarily restricted
to avoid damage and tested on the appropriate test fluid to
demonstrate set pressure.

(-2) The valve may be fitted with an auxiliary
lift-assist device and tested on the appropriate test
fluid at a pressure less than the valve set pressure.
Thelift-assist device and test procedure shall be calibrated
to provide the set pressure setting within the tolerance
shown in Table 3.6.3.1-2.

(2) All Pressure Relief Valves. When pressure relief
valves to be tested with steam, air, or other suitable
gas are beyond the capability of the production test
facility, either because of size or set pressure, the

hailar-cuct
beiter-system-

(-2) The valve lift has been mechanically veri-
fied as meeting or exceeding the required lift.

valves may he tested using an alternate test fluid
Steam service valves may be tested on air or other gas.
Gas or vapor service valves may be tested on steam.
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When valves are tested with an alternate fluid, the test
pressure shall be the product of the Manufacturer’s

Certification Mark Designator applied to the pressure
relief valve.

correction factor for the differential between steam
and air or gas multiplied by the set pressure. If a cold
differential test pressure is applicable due to superim-
posed back pressure or service temperature, or both,
then the Manufacturer’s correction factor shall be
applied to the cold differential test pressure. The correc-
tion factor between steam and air or gas shall not be
included in the cold differential test pressure marked
on the valve per 3.9(e)(4)(-a).

3.6.4 Seat Tightness Test

After completion of the tests required by 3.6.3, a seat
tightness test shall be conducted in accordance with the
following:

(a) For Valves to Be Marked With the Certification Mark
and UV Designator. Unless otherwise designated by a
Manufacturer’s published pressure relief valve specifica-
tion or another specification agreed to by the user, the seat
tightness test and acceptance criteria shall be in accor-
dance with API 527.

(b) For Valves to Be Marked With the Certification Mark
and UV3 Designator. The seat tightness test shall be
conducted at a maximum expected operating pressure
but at a pressure not exceeding the reseating pressure
of the valve. When the test is conducted with an incom-
pressible fluid, the valve shall exhibit no visible signs of
leakage. The leak rate of a valve tested with a compressible
fluid shall meet the criteria specified in the User’s Design
Specification (see Section VIII, Division 3).

(c) For Valves to Be Marked With the Certification Mark
and HV Designator. A tightness test shall be conducted at
maximum expected operating pressure but at\a pressure
not exceeding the reseating pressure of the valve.

(d) For Valves to Be Marked With thé-Cértification Mark
and TV Designator. Unless otherwise designated by a
Manufacturer’s published pressure.relief valve specifica-
tion or another specification agreed to by the user, the seat
tightness test and acceptance*criteria shall be in accor-
dance with API 527.

3.6.5 Blowdown Testing

Each Section IV/(HV Designator) pressure relief valve
with adjustable’blowdown shall be tested to demonstrate
blowdowm\in accordance with Table 3.4.2.3-1. When the
blowdownl is nonadjustable, the blowdown test may be
perfermed on a sampling basis.

3.7 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-

3.8 SET PRESSURE CHANGE

The set pressure of a valve may be changed after
completion of the appropriate Certificate of Conformance
(see Nonmandatory Appendix C) but before the valve is
put into service for overpressure protection, provided all
of the following requirements are met:

(a) All parts conversions, valve adjustments, and
testing shall be performed by the Manufacturer or an
Assembler that has been granted permission to apply
the Certification Mark and appropriate/Designator to
the specific valve type.

(b) The valve Manufacturer'dr Assembler that
performs the set pressure change:shall update the Certi-
ficate of Conformance or create a new Certificate of
Conformance (see Nonmandatory Appendix C).

(c) Thechange totheSetpressure shall be validated per
3.6.3.

(d) The set pressure and capacity marked on the valve
shall be obliterated. The new set pressure and capacity
shall be marked in accordance with 3.9. When marking
is accomplished by metal nameplate, the original name-
plate shall be removed and destroyed, and a new name-
plate,affixed to the valve.

(e) All other requirements of this Section for the use of
the Certification Mark and appropriate Designator shall
apply, in particular leak testing per 3.6.1 and 3.6.4, and
resealing adjustments per 3.2.9.

3.9 MARKING

(a) The Manufacturer or Assembler shall plainly mark
each pressure relief valve with the required data in such a
way that the marking will not be obliterated in service.

(b) The markings shall be located on the valve or a
corrosion-resistant metal plate or plates securely fastened
to the valve.

(c) Small valves [less than DN 15 (NPS %) inlet] may
have the nameplate attached with a chain or wire or adhe-
sive meeting the requirements of Mandatory Appendix II
or other means suitable for the service conditions.

(d) For units of measure other than those included in
(e), see 1.5.

(e) The marking shall include the following:

(1) name, or an acceptable abbreviation, of the
Manufacturer and the Assembler, as applicable.

(2) Manufacturer’s design or type number.

(3) DN (NPS)size_____ (the nominal pipe size of the
valve inlet).

(4) setpressure______kPa (psi) and, if applicable per
3.6.3.1(d)

(25)

tive examination used In the construction of bodles,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the
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(-b) superimposed back pressure kPa (psi)
(5) certified capacity as follows:
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(-a) For Valves to Be Marked With the Certification
Mark and UV Designator. The valve shall be marked with

(-2) m>/min of air at 20°C and 101 kPa
(SCFM of air at 60°F and 14.7 psia) or _______ kg/min

one of the following, as applicable:

(-1) kg/h (Ibm/hr) of saturated steam at
an overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for valves certified on steam.

(-2) L/min (gpm) of water at 20°C
(70°F) atan overpressure of 10% or 20 kPa (3 psi), which-
ever is greater, for valves certified on water.

(-3) m?/min of air at 20°C and 101 kPa
[standard cubic feet per minute (SCFM) of air at 60°F and
14.7 psia] or kg/min (Ibm/min) of air at an over-
pressure of 10% or 20 kPa (3 psi), whichever is greater for
valves certified on air. Valves that are capacity certified for
application in accordance with Section VIII, Division 1, UG-
153(a)(3) shall be marked “at 20% overpressure.”

In addition to one of the fluids specified in (-1)
through (-3), the Manufacturer may indicate the capacity
in other fluids (see Mandatory Appendix 1V).

(-b) For Valves to Be Marked With the Certification
Mark and UV3 Designator
m?3/h of air at 20°C and 101 kPa (SCFM of
air at 60°F and 14.7 psia), or L/min (gpm) of water
at 20°C (70°F) if the pressure relief valve is to be tested to
have a certified flow capacity; see Section VIII, Division 3,
KOP-153(b) and KOP-154(b). If the pressure relief valve is
not flow capacity tested and certified, the flow capacity
shall be marked “NONE” [see Section VIII, Division 3,
KOP-154(c)]. In addition, the Manufacturer/Assembler
may indicate the flow capacity in other fluids{(see
Mandatory Appendix IV).

(-c) For Valves to Be Marked With the Certification
Mark and HV Designator
kg/h (Ibm/hr), or ___ KW (Btu/hr) in
accordance with 9.7.1(d)

(-d) For Valves to Be MarkedWTith the Certification
Mark and TV Designator. The valve shall be marked with
one of the following, as applicable:

(-1) L/min\(gpm) of water at 20°C (70°F)
at the flow rating pressure’[typically an overpressure of
10% or 20 kPa (3 psi),»whichever is greater] for valves
certified on water:

(Ibm/min) of air at the flow rating pressure [typically
an overpressure of 10% or 20 kPa (3 psi), whichever
is greater] for valves certified on air. Valves that are ca-
pacity certified at 120% of marked set pressure as
permitted by the appropriate Section XII Modal Appendix
shall be marked “at 20% overpressure.”

In addition to one of the fluids specified in,(<1) and
(-2), the Manufacturer may indicate the capacity. in other
fluids (see Mandatory Appendix IV).

(6) year built, or alternatively, a(coding may be
marked on the valve such that the valve Manufacturer
or Assembler can identify the~yéar the valve was
assembled and tested.

(7) Certification Mark andvthe appropriate Desig-
nator placed under the-Certification Mark (see
Figure 10.1-1). A marking method other than the
stamp issued by the’Society may be used, provided it
is acceptable to the ASME Designated Organization.

(f) Specific valve'types require additional markings, as
follows:

(1) The pilot of a pilot-operated pressure relief valve
shall be plainly marked by the Manufacturer or Assembler
withtthe name of the Manufacturer, the Manufacturer’s
désigh or type number, the set pressure in kilopascals
fpounds per square inch), and the year built or, alterna-
tively, a coding that the Manufacturer can use to identify
the year built. The pilot and main valve of a pilot-operated
pressure relief valve shall each be marked with the same
unique identifier to establish association of both compo-
nents.

(2) Restricted lift valves shall be marked with their
restricted lift in millimeters (inches).

(3) Section XII (TV Designator) pressure relief valves
shall be marked with the vessel class, based on the appli-
cable Modal Appendix used to establish the certified
flowing capacity.

17
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PART 4
REQUIREMENTS FOR RUPTURE DISK DEVICES

4.1 GENERAL

4.1.1 Applicability of Part 4 Requirements

This Part contains requirements applicable to all
rupture disk devices that are to be marked with the Certi-
fication Mark and any Designator. Requirements unique to
a specific Designator are identified.

4.1.2 Burst Pressure

(a) Every rupture disk shall have a marked burst pres-
sure established by the requirements of 4.5.2 within a
manufacturing design range at a specified disk tempera-
ture and shall be traceable by lot number. The manufac-
turing design range shall be evaluated in conjunction with
the specified burst pressure to ensure that the marked
burst pressure of the rupture disk will always be
within the limits of the particular agreed-upon require-
ment. Users are cautioned that certain types of rupture
disks have manufacturing ranges that can result in &
marked burst pressure greater than the specified burst
pressure.

(b) For rupture disk devices with marked burstpres-
sures up to and including 300 kPa (40 psi), thebur'st pres-
sure tolerance at the specified disk temperature shall not
exceed +15 kPa (*2 psi); for devices with*marked burst
pressures above 300 kPa (40 psi), the buirst pressure toler-
ance at specified disk temperature §hall not exceed +5%.
For Section XII (TD Designator).devices, these tolerances
apply unless other requirements are identified by the
competent authority or by.the Section XII Modal Appen-
dices.

4.1.3 Relieving-Capacity

4.1.3.1 The gelieving capacity of rupture disk devices
shall be certified based on the simple system or flow resis-
tance methods described in 4.1.3.2 or the coefficient of
discharge method described in 4.1.3.3.

4.1.3.2 The relieving capacity of a pressure relief
system that uses a flow-resistance-certified rupture
disk device as the sole relieving device shall be determined
by the user based on a value calculated in accordance with
one of the following methods:

(a) Simple System Method. The simple systeniniethod
may be used to determine the relieving capacity,of a pres-
sure relief system that includes a rupture\disk device,
provided the following conditions are meét:

(1) The pressure relief system that includes the
rupture disk device discharges directlyto the atmosphere.

(2) The rupture disk device-is installed within eight
pipe diameters of the vessel‘\nezzle entry.

(3) The discharge piping-downstream of the rupture
disk device is not greater than five pipe diameters in
length.

(4) The nominal’diameters of the inlet and discharge
piping are equal'to or greater than the marked DN (NPS)
designator, of‘the device.

The calculated relieving capacity of the simple pressure
reliefsystem shall not exceed a value based on the appli-
cabletheoretical flow equation [see 9.7.6.4 and Mandatory
Appendix IV] for the various fluids multiplied by a coeffi-
ctent of discharge, K, equal to 0.62. The area, 4, in the theo-
retical flow equation shall be the minimum net flow area as
specified by the rupture disk device Manufacturer.

(b) Flow Resistance Method. The calculated capacity of
any pressure relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into consideration the flow resistance of the
rupture disk device; piping; and piping components,
including the exit nozzle on the vessels, and elbows,
tees, reducers, and valves. The calculation shall be
made using accepted engineering practices for deter-
mining fluid flow through piping systems. This calculated
relieving capacity shall be multiplied by a factor of 0.90 or
less to allow for uncertainties inherent to this method. The
certified flow resistance, K, for the rupture disk device,
expressed as the velocity head loss, shall be determined in
accordance with Part 9.

4.1.3.3 The relieving capacity of a pressure relief
system that uses a capacity-certified rupture disk
device as the sole relieving device shall be determined
based on the certified capacity marked on the device
and the characteristics of the system fluid and system
components upstream and downstream of the rupture
disk device. The certified coefficient of discharge, K,
for the rupture disk device shall be determined in accor-
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4.2 DESIGN AND MECHANICAL REQUIREMENTS

4.3.2.2 Other than as specified in 4.3.2.1, all parts
required for the pressure-relieving or pressure-retaining

(o~ Thedesigmof the Tupture diskdevice strattimcor=
porate features necessary to ensure consistent operation
and tightness.

(b) Rupture disk deviceshaving threaded inlet or outlet
connections shall be designed to allow for normal installa-
tion without damage to the rupture disk.

(c) Section VIII, Division 3 (UD3 Designator) rupture
disk holders shall comply with the applicable require-
ments of Section VIII, Division 3, Part KD. Alternatively,
it is permissible to design rupture disk holders in accor-
dance with the rules in ASME B31.3, Chapter IX, provided
that

(1) the materials for the holder meet the require-
ments of 4.3.2

(2) all components of the rupture disk device are
outside of the geometric scope of Section VIII, Division
3 and are part of the external piping as defined in
Section VIII, Division 3, KG-110

(d) For Section VIII, Division 3 (UD3 Designator)
rupture disk devices, the Manufacturer of the rupture
disk holder may be different from the Manufacturer of
the rupture disk.

4.3 MATERIAL REQUIREMENTS
4.3.1 Disk Material

(a) The rupture disk material is not required‘to
conform to a material specification listed in Section JI.

(b) The rupture disk material shall be controlledby the
Manufacturer of the rupture disk device by a spégification
ensuring the control of material properties;

(c) Rupture disks may be fabricated fsonreither ductile
or brittle materials.

4.3.2 Pressure-Retaining Parts

4.3.2.1 Materials used in pressure-containing or pres-
sure-retaining holder components and pressure-retaining
bolting shall be as pefmitted in Section II, Part D by the
referencing Code. In‘addition, the following requirements
apply:

(a) Section VIII, Division 1 (UD Designator) pressure-
containing or-pressure-retaining holder components and
pressure:retaining rupture disk holders and bolting shall
meetall-applicable requirements of Section VIII, Division
1, Subsection C.

{b) Section VII], Division 3 (UD3 Designator) pressure-
containing or pressure-retaining holder components and
pressure-retaining rupture disk holders and bolting shall
meet all applicable requirements of Section VIII, Division
3, Article KM.

(c) Section XII (TD Designator) pressure-containing or

function shall be of materials that are

(a) listed in Section II, or

(b) listed in ASTM specifications, or

(c) controlled by the Manufacturer of the pressure
relief device by a specification ensuring control of chem-
ical and physical properties and quality at least equivalent
to that of ASTM standards

4.4 INSPECTION OF MANUFACTURING

4.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an”/ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the qualityscontrol procedures will ensure
close agreement between the performance of random
production samples.and the performance of those
devices submitted for certification.

(b) At thetime of the submission of rupture disk
devices for’capacity certification or testing in accordance
with 4.4.3)the representative of the ASME Designated
Organization has the authority to review the device
design' for conformity with the requirements of 4.2 and
43/ and to reject or require modification of designs
that do not conform.

4.4.2 Verification

Manufacturing, assembly, inspection, and test opera-
tions are subject to inspections at any time by an
ASME Designee.

4.4.3 Production Certification

A Manufacturer may be granted permission to apply the
Certification Mark and appropriate Designator to produc-
tion rupture disk devices capacity or flow resistance certi-
fied in accordance with Part 9, provided the testing
described in this paragraph is successfully completed.
This permission shall expire on the sixth anniversary
of the date it is initially granted. The permission may
be extended for 6-yr periods if the testing described in
this paragraph are successfully repeated within the 6-
month period before expiration.

4.4.3.1 Sample Selection

(a) Two production sample rupture disk devices of a
size and capacity within the capability of an ASME
accepted laboratory shall be selected by a representative
of an ASME Designated Organization.

(b) If a Section VIII, Division 3 (UD3 Designator)
rupture disk device incorporates a Manufacturer’s stan-

(25)

pressure-retaining holder components and pressure-
retaining rupture disk holders and bolting shall meet
all applicable requirements of Section XII, Part TM.
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two new rupture disk holders shall be procured by the
rupture disk Manufacturer for use in the tests.
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4.4.3.2 Testing. Burst and flow testing shall be
conducted in the presence of a representative from an

sure and no greater than the pressure determined in
accordance with Section VIII, Division 3, KT-312.

ASME Designated Organization at a testing facility
meeting the requirements of ASME CA-1. The device
Manufacturer shall be notified of the time of the test
and may have representatives present to witness the
test. Capacity or flow resistance flow testing shall be
performed in accordance with the original certification
method. For devices certified for flow resistance, a
minimum net flow area evaluation shall also be
performed.

4.4.3.3 Test Results

(a) Should any device fail to meet or exceed the appli-
cable performance requirements of this Section, the
test(s) shall be repeated at the rate of two replacement
devices, selected and tested in accordance with 4.4.3.1 and
4.4.3.2, for each device that failed.

(b) Should any of the replacement devices fail to meet
the capacity or performance requirements of this Section,
the Manufacturer shall determine the cause of failure and
take corrective action to guard against future occurrence.
This cause of failure and corrective action shall be docu-
mented and submitted to the ASME Designated Organiza-
tion within 60 days of the failure or be cause for revocation
of the authorization to use the Certification Mark on that
particular type of device. Upon acceptance of the
submitted corrective action by the ASME Designated Orga-
nization, the requirements of 4.4.3 shall apply.

4.5 PRODUCTION TESTING

Each rupture disk device to which the Certification Mark
is to be applied shall be tested by the Manufaeturer in
accordance with 4.5.1 and 4.5.2. The Manufacturer
shall have a documented system for theapplication, cali-
bration, and maintenance of gages and\instruments used
during these tests.

4.5.1 Pressure Testing

(a) The pressure-containing parts of each rupture disk
holder are subject to.pressure testing.
(b) Exceptas spécified in (c), a rupture disk holder part
requiring pressure) testing shall be tested either
(1) hydrostatically at a pressure no less than 1.5
times the.design pressure of the part, or
(2)»prneumatically at a pressure no less than 1.25
times the design pressure of the part

CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(c) Devices to be marked with the Certification Mark
and UD3 Designator shall be tested hydrostatically

(d) Pressure testing may be done in the part or
assembled condition.

(e) Pressure testing shall be conducted after all
machining and welding operations have been completed.

(f) Parts subjected to pressure testing shall not exhibit
a sign of leakage.

(g) Parts fully contained within the holder or vessel.or
parts downstream of the rupture disk and not designedto
contain pressure, are exempt from pressure teSting.

(h) A rupture disk holder part to be marked with the
Certification Mark and UD or TD Designator is exempt
from pressure testing if both of the following conditions
apply:

(1) The stress that would hetapplied under hydro-
static test conditions does not exceed 50% of the allowable
stress.

(2) The holder is net.cast or welded.

4.5.2 Burst Tests

(a) General Each lot of rupture disks shall be tested in
accordance withrone of the methods described in (b). All
tests of disks for a given lot shall be performed with a
holder @of\the same form and pressure area dimensions
as that’being used in service. Sample rupture disks,
selected from each lot of rupture disks, shall be made
from the same material and shall be of the same size
as those to be used in service. Test results shall be appli-
cable only to rupture disks used in disk holders supplied
by the rupture disk Manufacturer or, for Section VIII, Divi-
sion 3 (UD3 Designator) devices, installed in the Manu-
facturer’s standard rupture disk holders as specified in
the required rupture disk marking.

(b) Test Methods

(1) Atleasttwo sample rupture disks from each lot of
rupture disks shall be burst at the specified disk tempera-
ture. The marked burst pressure shall be determined so
that the sample rupture disk burst pressures are within
the burst pressure tolerance specified in 4.1.2(b).

(2) At least four sample rupture disks, but not less
than 5% from each lot of rupture disks, shall be burst at
four different temperatures distributed over the applica-
ble temperature range for which the disks will be used.
This data shall be used to establish a smooth curve of burst
pressure versus temperature for the lot of disks. The burst
pressure for each data point shall not deviate from the
curve by more than the burst pressure tolerance specified
in 4.1.2(b). The value for the marked burst pressure shall
be derived from the curve for a specified temperature. At
least two disks from each lot of disks, made from this lot of
material, shall be burst at the ambient temperature to
establish the room temperature rating of the lot of disks.

only, at a pressure no less than 1.25 times the design pres-
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(3) For prebulged solid metat diSKS or graphite disks
only, at least four sample rupture disks using one size of
disk from each lot of material shall be burst at four
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different temperatures distributed over the applicable
temperature range for which this material will be

2) L/min (gpm) of water at 20°C (70°F) at
an overpressure of 10% or 20 kPa (3 psi), whichever is

used. These data shall be used to establish a smooth
curve of percent change of burst pressure versus tempera-
ture for the lot of material. The acceptance criteria of
smooth curve shall be as in (2). At least two disks
from each lot of disks, made from this lot of material
and of the same size as those to be used, shall be
burst at the ambient temperature to establish the
room temperature rating of the lot of disks. The
percent change shall be used to establish the marked
burst pressure at the specified disk temperature for
the lot of disks.

4.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of rupture disk
holders and pressure parts shall be performed in accor-
dance with the applicable requirements of the Section of
the Certification Mark Designator applied to the rupture
disk device.

4.7 MARKING

4.7.1 General

(a) The Manufacturer shall plainly mark each rupture
disk and holder with the required data in such a way, that
the marking will not be obliterated in service and willnot
interfere with the function of the disk (see 12.3).

(b) The markings may be placed on the flange of the
disk or ametal tag. The metal tag shall be securely fastened
to the disk or, when attaching the tag is impracticable, shall
accompany the disk, provided the let number is also
marked on the disk.

(c) For units other than those“included in 4.7.2 and
4.7.3, see 1.5.

4.7.2 Rupture Disks

Each rupture disk shall be marked with the following
information:

(a) nameofithe Manufacturer, or an acceptable abbre-
viation thereef.

(b) Manufacturer’s design or type number.

(¢) ot number.

(d)”disk material.

(e) DN (NPS) size of rupture disk holder, or
nominal diameter, mm (in.), as applicable.

(f) marked burst pressure kPa (psi).

(g) specified disk temperature °C (°F).

(h) for capacity-certified devices, one of the following:

(1) kg/h (Ibm/hr) of saturated steam at an

greater, for devices certified on water.

3) m?/min of air at 20°C and 101 kPa [stan-
dard cubic feet per minute (SCFM) of air at 60°F and 14.7
psia] or kg/min (Ibm/min) of air, at an overpres-
sure of 10% or 20 kPa (3 psi), whichever is greater, for
devices certified on air or gas. Devices that are capacity
certified in accordance with the Section VIII, Division 1,
UG-153(a)(3) shall be marked “at 20% overpréssure.”

In addition to one of the fluids specified ih-(1) through
(3), the Manufacturer may indicate the ¢apacity in other
fluids (see Mandatory Appendix IV),

(i) for flow-resistance-certified devices

(1) minimum net flow area, Y mm? (in.%)

(2) certified flow resistaiice”(one or more as appli-
cable)

(-a) Kgg for rupture disks certified on air
or gases

(-b) Kgp, L~ for rupture disks certified on
liquid

(-c) Kgréi for rupture disks certified on air

or gases,and liquid

(j) fEertification Mark and the appropriate Designator
placéd'under the Certification Mark (see Figure 10.1-1). A
niarking method other than the stamp issued by the
Society may be used, provided it is acceptable to the
ASME Designated Organization.

(k) year built, or alternatively, a coding may be marked
such that the rupture disk device Manufacturer can iden-
tify the year the rupture disk device was manufactured
and tested.

(1) design, type number, or drawing number of the
intended Manufacturer’s standard rupture disk holder
[for Section VIII, Division 3 (UD3 Designator) devices only]

4.7.3 Rupture Disk Holders

Each rupture disk holder shall be marked with the
following information:

(a) name of the Manufacturer, or an acceptable abbre-
viation thereof.

(b) Manufacturer’s design or type number.

(c) DN (NPS) size of rupture disk holder, or
nominal diameter, mm (in.), as applicable.

(d) Certification Mark and the appropriate Designator
placed under the Certification Mark (see Figure 10.1-1). A
marking method other than the stamp issued by the
Society may be used provided it is acceptable to the
ASME Designated Organization.

(e) year built, or alternatively, a coding may be marked
such that the rupture disk device Manufacturer can iden-
tify the year the rupture disk device was manufactured
and tested.

overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for devices certified on steam.
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{fftowdirectiom
(g) “DIV3” for UD rupture disk devices manufactured
per Section VIII, Division 3, KOP-152(c).
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PART 5
REQUIREMENTS FOR PIN DEVICES

5.1 GENERAL

5.1.1 Applicability of Part 5 Requirements

This Part contains requirements applicable to all pin
devices that are to be marked with the Certification
Mark and any Designator. Requirements unique to a spe-
cific Designator are identified.

5.1.2 Set Pressure

(a) Everypindevice shallhave a marked set pressure at
the specified pin temperature established by the rules of
5.5.2.

(b) The pin temperature may be different from the
process temperature for pin devices in which the pin
is isolated from operating conditions.

(c) Forpindevices with marked set pressures up to and
including 300 kPa (40 psi), the set pressure tolerance at
the pin temperature shall not exceed #15 kPa (*2 psi). For
pin devices with marked set pressures above 300 kPd
(40 psi), the set pressure tolerance at pin temperattre
shall not exceed #5%. For Section XII (TD Designater)
pin devices, these tolerances apply unless other require-
ments are identified by the competent authority‘er by the
Section XII Modal Appendices.

5.1.3 Relieving Capacity

5.1.3.1 The relieving capacity*of-pin devices shall be
certified based on the simple System or flow resistance
methods described in 5-1%3.2, or the coefficient of
discharge method described in 5.1.3.3.

5.1.3.2 The relieving capacity of a pressure relief
system that uses-a.flow-resistance-certified pin device
as the sole relieving pin device shall be determined by
the user based on a value calculated in accordance
with one“of-the following methods:

(a)Simple System Method. The simple system method
may.beused to determine the relieving capacity of a pres-
sure relief system that includes a pin device, provided the
following conditions are met:

(1) The pressure relief system that includes the pin
device discharges directly to the atmosphere.
(2) The pin device is installed within eight pipe

(4) The nominal diameters of the inlet and dis¢harge
piping are equal to or greater than the marked DN (NPS)
designator of the pin device.

The calculated relieving capacity of the'simple pressure
relief system shall not exceed a value based on the appli-
cable theoretical flow equation [se€9:7.6.4 and Mandatory
Appendix IV] for the various fluids multiplied by a coeffi-
cient of discharge, K, equal tq 0:62. The area, 4, in the theo-
retical flow equation shall be the minimum net flow area as
specified by the pin deviee Manufacturer.

(b) Flow Resistance Method. The calculated capacity of
any pressure relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into‘consideration the flow resistance of the pin
device; piping; and piping components, including the exit
nozzle on the vessels, and elbows, tees, reducers, and
valves: The calculation shall be made using accepted engi-
néering practices for determining fluid flow through
piping systems. This calculated relieving capacity shall
be multiplied by a factor of 0.90 or less to allow for uncer-
tainties inherent with this method. The certified flow
resistance, Ky, for the pin device, expressed as the velocity
head loss, shall be determined in accordance with Part 9.

5.1.3.3 The relieving capacity of the pressure relief
system that uses a capacity-certified pin device as the
sole relieving pin device shall be determined based on
the certified capacity marked on the pin device and
the characteristics of the system fluid and system compo-
nents upstream and downstream of the pin device. The
certified coefficient of discharge, Kp, for the pin device
shall be determined in accordance with Part 9.

5.2 DESIGN AND MECHANICAL REQUIREMENTS

(a) The design shall incorporate guiding arrangements
necessary to ensure consistent operation and seat tight-
ness.

(b) Theseatofapin device shall be fastened to the body
of the pin device in such a way that there is no possibility of
the seat moving from its required position.

(c) In the design of the pin device, consideration shall
be given to minimizing the effects of deposits.

(d) Pin devices having threaded inlet or outlet connec-

tions shall be prnvidnr‘l with wrenching surfaces to allgws
(=]

(25)

diameters of the vessel nozzle entry.
(3) The discharge piping downstream of the pin
device is not greater than five pipe diameters in length.
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for normal installation without damage to operating parts.



https://asmenormdoc.com/api2/?name=ASME BPVC.XIII (ASME BPVC Section 13) 2025.pdf

ASME BPVCXIII-2025

(e) Means shall be provided in the design for sealing all
critical parts to ensure that these parts are original and

(1) For Section VIII, Division 1 (UD Designator) pin
devices, the pressure-containing or pressure-retaining

unmodified. Seals shall be installed in a manner to prevent
changing or modifying parts without breaking the seal. If
the pinisreplaceable, this componentis not required to be
sealed if it is marked in accordance with 5.7.3(a). Seals
shall be installed by the Manufacturer. For pin devices
larger than DN 15 (NPS %), the seal shall serve as a
means of identifying the pin device Manufacturer.

(f) 1f the design of the pin device is such that liquid can
collect on the discharge side, then, except as permitted in
(g), the pin device shall be equipped with a drain at the
lowest point at which liquid can collect.

(g) Apindevice thatcannotbe equipped with adrain as
required in (f) because of design or application may be
used, provided all of the following conditions are met:

(1) The pin device is used only on gas service where
there is neither liquid discharged from the pin device nor
liquid formed by condensation on the discharge side of the
pin device.

(2) The pin device is provided with a cover or
discharge piping per 12.8 to prevent liquid or other
contaminant from entering the discharge side of the
pin device.

(3) Thepindeviceis marked FOR GAS SERVICE ONLY
in addition to being marked as required by 5.7.

(h) All pin devices shall be constructed so that the
failure of any part cannot obstruct the free and full
discharge of fluid from the pin device.

(i) O-rings or other packing devices, when used on the
stems of pin devices, shall be arranged so that the pin
device performance meets the requirements.'of this
Section.

(j) Pilot-operated pin devices shall be designed such
that

(1) the pilot is self-actuated

(2) the main valve will open-automatically at a pres-
sure not exceeding the set préssure

(3) if some essential part of the pilot fails, the main
valve will discharge its-full-rated capacity at or below the
relieving pressure used/to determine its rated capacity

(k) Spring-actuated pin devices shall meet the require-
ments of Parts~5'and 6.

(1) Pins shall'be manufactured by the pin device Manu-
facturer.

5.3°MATERIAL REQUIREMENTS

(a) Cast iron seats and disks are not permitted.

(b) Adjacent sliding and sealing surfaces shall both be
of a corrosion-resistant material suitable for use with the
fluid to be contained.

(c) Materials used in pressure-containing or pressure-
retaining components and pressure-retaining bolting,

components and pressure-retaining bolting shall meet
all applicable requirements of Section VIII, Division 1,
Subsection C.

(2) For Section VIII, Division 3 (UD3 Designator) pin
devices, the pressure-containing or pressure-retaining
components and pressure-retaining bolting shall meet
all applicable requirements of Section VIII, Division 3,
Article KM.

(3) For Section XII (TD Designator) pifi-devices, the
pressure-containing or pressure-retaining components
and pressure-retaining bolting shall.meet all applicable
requirements of Section XII, Part M,

(d) Other than as specified in/(c)yall parts required for
the pressure-relieving or pressture-retaining function
shall be of materials that are

(1) listed in Section\l; or

(2) listed in ASTM specifications, or

(3) controlled by the Manufacturer of the pin device
by a specification’ ensuring control of chemical and
physical preperties and quality at least equivalent to
that of ASTM standards

(e) Materials used for pins shall be controlled by the
Manufacturer of the pin device by a specification ensuring
the eontrol of material properties.

{f) The seats and disks of pin devices shall be of suitable
material to resist corrosion by the fluid to be contained.
The degree of corrosion resistance, appropriate to the
intended service, shall be a matter of agreement
between the Manufacturer and the purchaser.

(g) Nonmetallic disk inserts and seals shall be compat-
ible with the maximum design temperature established
for the pin device.

(h) Adjacentsliding surfaces shall both be of corrosion-
resistant material. The degree of corrosion resistance,
appropriate to the intended service, shall be a matter
of agreement between the Manufacturer and purchaser.

5.4 INSPECTION OF MANUFACTURING

5.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the quality control procedures will ensure
close agreement between the performance of random
production samples and the performance of those pin
devices submitted for certification.

(b) At the time of the submission of pin devices for ca-
pacity certification or testing in accordance with 5.4.2, the
representative of the ASME Designated Organization has
the authority to review the pin device design for confor-

excluding proprietary pin material, shall be as permitted
in Section II, Part D by the referencing Code. In addition,
the following requirements apply:
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mity with the requirements of 5.2, 5.3, and 5.5.3, and to
reject or require modification of designs that do not
conform.
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(c) Manufacturing, assembly, inspection, and test
operations, including capacity, are subject to inspections

(1) Two production pin devices that are representa-
tive of the design shall be tested per Mandatory Appendix

at any time by a representative from an ASME Designated
Organization.

5.4.2 Production Certification

A Manufacturer or Assembler may be granted permis-
sion to apply the Certification Mark and appropriate
Designator to production pin devices whose capacity
or flow resistance has been certified in accordance
with Part 9, provided the testing described in this para-
graph is successfully completed. This permission shall
expire on the sixth anniversary of the date it is initially
granted. The permission may be extended for 6-yr periods
if the testing described in this paragraph is successfully
repeated within the 6-month period before expiration.

5.4.2.1 Sample Selection. Two production sample pin
devices of a size and capacity within the capability of an
ASME-accepted laboratory shall be selected by arepresen-
tative of an ASME Designated Organization.

5.4.2.2 Testing. Operational and capacity or flow resis-
tance testing shall be conducted in the presence of arepre-
sentative from an ASME Designated Organization at a
testing facility meeting the requirements of ASME CA-
1. The pin device Manufacturer shall be notified of the
time of the test and may have representatives present
to witness the test.

5.4.2.3 Test Results

(a) Should any pin device fail to meet or exceed the
applicable performance requirements of this Seetion,
the test(s) may be repeated at the rate of two replacement
pin devices, selected and tested in accordancéwith 5.4.2.1
and 5.4.2.2, for each pin device that failed:

(b) Should any of the replacement pin devices
described in (a) fail to meet the capacity or performance
requirements of this Section, the Manufacturer shall
determine the cause of failure and take corrective
action to guard against future occurrence. This cause
of failure and corrective action shall be documented
and submitted to theMASME Designated Organization
within 60 days of the failure or be cause for revocation
of the authorizatien to use the Certification Mark on that
particular type’ of pin device. Upon acceptance of the
submitted-corrective action by the ASME Designated Orga-
nization,the requirements of 5.4.2 shall apply.

514.2.4 Alternative Tests for Pin Devices That Exceed
the Laboratory Capabilities

(a) For pin devices that exceed the laboratory testing
capabilities and for which lift at rated overpressure can be
measured or complete opening can be verified, the alter-

V, Article V-3. The tests shall demonstrate to the satisfac-
tion of the representative of the ASME Designated Orga-
nization that the pin devices satisfy the following
conditions:

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required,
by 5.1.2(c).

(-b) The pin device will achieve complete op€ning
or the minimum lift required to meet its certifiedcapacity.

(-c) The pin device will operate in a stable manner.

If only one pin device of the design willbe produced
within the 6-yr period for which the permission is granted,
only that pin device need be tested-as stated above.

(2) The testing shall be performed at a facility that is
mutually agreeable to the Mantfacturer, the representa-
tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated-in_(1)(-a) through (1)(-c).

(3) Inthe eventof.failure of the tests, 5.4.2.3(b) shall
apply.

(b) For pin~dévices that exceed the laboratory testing
capabilities and for which lift at rated overpressure cannot
be measuréed or complete opening cannot be verified, the
alternative method described below shall be used.

{¥) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 5.4.2 are followed
and the following additional test requirements are met:

(-a) Two production pin devices that are repre-
sentative of the design shall be tested per Mandatory
Appendix V, Article V-3. The tests shall demonstrate to
the satisfaction of the representative of the ASME Desig-
nated Organization that

(-1) the measured set pressure is consistent
with the stamped set pressure within the tolerances
required by 5.1.2(c)

(-2) asecondary pressure zone leakage test and
a seat tightness test are demonstrated in accordance with
5.5.1(g) and 5.5.3

If only one pin device of the design will be produced
within the 6-yr period for which the permission is granted,
only that pin device need be tested as stated above.

(-b) The testing shall be performed at a facility that
is mutually agreeable to the Manufacturer, the represen-
tative of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (-a)(-1) and (-a)(-2).

(-¢) ) In the event of failure of the tests, 5.4.2.3(b)
shall apply.

(2) For 6-yr renewal of capacity or flow resistance
certification, (1)(-a) through (1)(-c) shall apply.

native method described below shall be used in lieu of the
test requirements of 5.4.2, 5.4.2.1, and 5.4.2.3(a).

24



https://asmenormdoc.com/api2/?name=ASME BPVC.XIII (ASME BPVC Section 13) 2025.pdf

ASME BPVCXIII-2025

5.5 PRODUCTION TESTING

5.5.2.2 For all pin lot qualification testing, the
following requirements apply:

EdL}l lJill L‘lCViLC‘ [4e) VVlliLll LllC CCI LifiLdLiUll rVidl 1\ ib [4e) bﬁ
applied shall be tested by the Manufacturer in accordance
with 5.5.1 and 5.5.2. The Manufacturer shall have a docu-
mented system for the application, calibration, and main-
tenance of gages and instruments used during these tests.

5.5.1 Pressure Testing

(a) The pressure-containing parts of each pin device
are subject to pressure testing.

(b) Apin device part is exempt from pressure testing if
any of the following conditions exist:

(1) The stress that would be applied under hydro-
static test conditions does notexceed 50% of the allowable
stress, and the part is not cast or welded.

(2) The part is downstream of the pressure-
containing element and fully within pressure-containing
parts that have been either pressure tested or exempted
from pressure testing by (1).

(c) Apindevice partrequiring pressure testing shall be
tested either

(1) hydrostatically at a pressure no less than 1.5
times the design pressure of the part, or

(2) pneumatically at a pressure no less than 1.25
times the design pressure of the part

CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(d) Pressure testing may be done in the partor
assembled condition.

(e) Pressure testing shall be conductéd.after all
machining and welding operations have beéh completed.

(f) Parts subjected to pressure testing.shall not exhibit
a sign of leakage.

(g) If a pin device designed fordischarge to a closed
system has a secondary pressure zone with an inlet
size exceeding DN 25 (NPS 1), the secondary pressure
zone shall be tested withcair or other gas at a pressure
of at least 200 kPa (30,psi). There shall be no visible
signs of leakage. The user may specify a higher test pres-
sure commensurate'with the back pressure anticipated in
service.

5.5.2 Sét Pressure Qualification Testing

5:5.2.1 Set pressure qualification of a pin device shall
be-accomplished by completing set pressure testing in the
pin device. At least two pins from the same lot shall be
tested in the pin device. For single-use, permanently
assembled pin devices that have the same specification
and configuration and that will be supplied as a single
lot, at least two completed pin devices shall be tested.
The tests shall be conducted at the pin temperature or

(a) Sample pins selected from each lot shall be made
from the same material and heat and shall be of the same
critical dimension as those to be used in service.

(b) Test results shall be applicable only to pins used in
pin devices supplied by the pin device Manufacturer.

(c) At least two pins or two single-use, permanently
assembled pin devices from the same lot shall be-tested.

(d) Testsshall be conducted at ambient tempgrature or
the pin temperature (as agreed to between the pin device
Manufacturer and the user). The Manufacturer shall estab-
lish a temperature range for which testing at ambient
temperature is applicable. For qualification of a pin lot
at a single pin temperature, at/least two pin tests shall
be conducted at the specified\pinl temperature.

(e) Pin testing shall be_eompleted in the actual pin
device(s) or in accordafce with one or both of the
following methods:

(1) Lotqualification testing shall be done in a test pin
device of the sameform and pressure area dimensions as
that in which.th€ pins will be used. At least two set pres-
sure tests,shall be completed at the pin temperature in
accordance with (d). The tests shall be within the toler-
ance\spécified.

(2) The set pressure of a lot of pins for a pin device
may be verified by a characterization test that determines
the activation loading (force) under pin device-opening
conditions. The following characterization test conditions
shall apply:

(-a) The pin-retaining arrangement shall be the
same for all characterization tests applied to a pin device.

(-b) At least two pins from the same lot as tested
under 5.5.2.1 or (1) shall be tested to determine the acti-
vation force that correlates to the tested set pressure of the
pin device. The average of these test results defines the
base force that shall be used to permit further pin quali-
fication by characterization rather than by set pressure
testing of the pin device. The following equation shall
be used to define a corrected base force that corresponds
to the nominal set pressure of the pin device:

corrected base force, N (Ibf)
nominal set pressure, kPa (psi) X average base force, N (Ibf)

average tested set pressure, kPa (psi) per 5.5.2.1 or (e)(1)

(-c) This corrected base force, rather than set pres-
sure testing of the pin device, may be used to qualify addi-
tional pin quantities and lots, provided the pins function at
activation forces that are within #3% of the corrected base
force for set pressures above 300 kPa (40 psi). For set
pressures below 300 kPa (40 psi), the tested components
shall function at activation forces within a plus-minus
tolerance of the corrected base force determined as

according to 5.5.2.2(d). The test pressure shall be
within the tolerance specified in 5.1.2(c).
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(SI Units)

(f) pin-to-pin device identifier.
(g) for capacity-certified pin devices, one of the

Ol L " 1 e
I~ 70 COICTAIICT TOT aCttdl tCST TOITTS

300 kPa

= X 3%
corresponding nominal set pressure, kPa
(U.S. Customary Units)
+% tolerance for actual test forces
40 psi
= X 3%

corresponding nominal set pressure, psi

5.5.3 Seat Tightness Test

A seat tightness test shall be conducted on each pin
device. The test conditions and acceptance criteria
shall be in accordance with the Manufacturer’s published
pin device specification or another specification agreed to
by the user and the Manufacturer.

5.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the
Certification Mark Designator applied to the pin device.

5.7 MARKING

5.7.1 General

The Manufacturer shall plainly mark each pin device
with the required data in such a way that the-marking
will not be obliterated in service. The marking shall be
placed on the pin device housing or on.a metal plate
or plates securely fastened to the pin device. If such mark-
ings will notbe visible when the pin device isin service, the
marking shall be placed on a tablattached as close as
possible to the discharge sidetef the pin device. The
tab shall remain visible when-installed.

5.7.2 Pin Devices

Each pin device shall be marked with the following in-
formation. Forunits of measure other than those included
below, see A.5.

(a) name-of the Manufacturer, or an acceptable abbre-
viation thereof.

(b)-Manufacturer’s design or type number.

(¢) DN (NPS) size (the nominal pipe size of the
pin device inlet).

(d) set pressure kPa (psi).

(e) flow direction.

following, as applicable:

(1) _____kg/h (Ibm/hr) of saturated steam at an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for pin devices certified on steam.

2) L/min (gpm) of water at 20°C (70°F) at an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for pin devices certified on water.

3) m?/min of air at 20°C and 101 kPa _[§tan-
dard cubic feet per minute (SCFM) of air at 60°Fand 14.7
psia)] or kg/min (Ibm/min) of air at an overpres-
sure of 10% or 20 kPa (3 psi), whicheveris\greater. Pin
devices for use in accordance with SectiondVIII, Division 1,
UG-153(a)(3) or at 120% of markedvset pressure as
permitted by the appropriate SectionXII Modal Appendix
shall be marked “at 20% overpressure.”

In addition to one of the fluids specified in (1) through
(3), the Manufacturer maj.indicate the capacity in other
fluids (see Mandatory-Appendix V).

(h) for flow-resistance-certified pin devices

(1) minimum\net flow area mm? (in.?)

(2) certified flow resistance (one or more as appli-
cable)

(-a) " Krg for pin devices certified on air or
gases

(-b) Kgi for pin devices certified on liquid

(-¢) Kgrai for pin devices certified on air or

gases, and liquid

(i) Certification Mark and the appropriate Designator
placed under the Certification Mark (see Figure 10.1-1). A
marking method other than the stamp issued by the
Society may be used provided it is acceptable to the
ASME Designated Organization.

(j) year built, or alternatively, a coding may be marked
on the pin device such that the pin device Manufacturer
can identify the year the pin device was tested.

5.7.3 Pin

The pin shall be marked according to one of the
following methods:

(a) For pin devices using replaceable pins, the pin shall
be marked with its lot number; pin temperature, °C (°F);
and the information required by 5.7.2(a), 5.7.2(d), 5.7.2(f),
and 5.7.2(j).

(b) For pin devices that are single use and permanently
assembled, the pin shall be marked with its lot number.

When the pin size or configuration does not permit the
use of an attached metal tag, a metal tag may be attached
using a nonmetallic connector with an adhesive that
complies with Mandatory Appendix II.
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PART 6
REQUIREMENTS FOR SPRING-ACTUATED NON-RECLOSING
DEVICES

6.1 GENERAL

6.1.1 Applicability of Part 6 Requirements

This Part contains requirements that are applicable to
all spring-actuated non-reclosing devices that are to be
marked with the Certification Mark and UD Designator.

6.1.2 Set Pressure

For spring-actuated non-reclosing devices with marked
set pressures up to and including 300 kPa (40 psi), the set
pressure tolerance shall not exceed 15 kPa (*2 psi). For
spring-actuated non-reclosing devices with marked set
pressures above 300 kPa (40 psi), the set pressure toler-
ance shall not exceed +5%.

6.1.3 Relieving Capacity

The relieving capacity of spring-actuated non-reclosing
devices shall be certified based on the simple system or
flow resistance method described in 6.1.3.1 or; the coeffi-
cient of discharge method described in 6.1.3.2.

6.1.3.1 The rated flow capacity of a pressure relief
system that uses a spring-actuated non-reclosing
device as the sole relieving deviceshall be determined
by the user based on a valuecalculated in accordance
with one of the following methods:

(a) Simple System Method. The simple system method
may be used to determine the relieving capacity of a pres-
sure relief system that'includes a spring-actuated non-
reclosing device;provided the following conditions are
met:

(1) The.pressure relief system that includes the
spring-actuated non-reclosing device discharges directly
to the.atmosphere.

(2) The spring-actuated non-reclosing device is
installed within 8 pipe diameters of the vessel nozzle
entry.

(3) The discharge piping downstream of the spring-
actuated non-reclosing device is not greater than 5 pipe
diameters in length.

(4) The nominal diameters of the inlet and discharge

The calculated relieving capacity of the simple pressure
relief system shall not exceed a value/based on the appli-
cable theoretical flow equation (see9.7.6.4 and Mandatory
Appendix IV) for the various fluids multiplied by a coeffi-
cient of discharge, K, equal te 0;62. The area, 4, in the theo-
retical flow equation shaltbethe minimum net flow area as
specified by the spring-actuated non-reclosing device
Manufacturer.

(b) Flow Resistance Method. The calculated capacity of
any pressurég ‘relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into consideration the flow resistance of the
sprifig-actuated non-reclosing device; piping; and
piping components, including the exit nozzle on the
vessels, and elbows, tees, reducers, and valves. The calcu-
lation shall be made using accepted engineering practices
for determining fluid flow through piping systems. This
calculated relieving capacity shall be multiplied by a
factor of 0.90 or less to allow for uncertainties inherent
with this method. The certified flow resistance, K,, for the
spring-actuated non-reclosing device, expressed as the
velocity head loss, shall be determined in accordance
with Part 9.

6.1.3.2 The relieving capacity of the pressure relief
system that uses a capacity-certified spring-actuated
non-reclosing device as the sole relieving device shall
be determined based on the certified capacity marked
on the spring-actuated non-reclosing device and the char-
acteristics of the system fluid and system components
upstream and downstream of the spring-actuated non-
reclosing device. The certified coefficient of discharge,
Kp, for the spring-actuated non-reclosing device shall
be determined in accordance with Part 9.

6.2 DESIGN AND MECHANICAL REQUIREMENTS

(a) The design of spring-actuated non-reclosing
devices shall incorporate guiding arrangements necessary
to ensure consistent operation and seat tightness.

(b) The seat of a spring-actuated non-reclosing device
shall be fastened to the body of the spring-actuated non-
reclosing device in such a way that there is no possibility of

(25)

pIping are equal to or greater than the marked DN (NPS)
designator of the spring-actuated non-reclosing device.
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the seat moving from its required position.
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(c) In the design of the spring-actuated non-reclosing
device, consideration shall be given to minimizing the

(1) Springs for direct spring-loaded devices shall meet
the following requirements:

effects of deposits.

(d) Spring-actuated non-reclosing devices with
threaded inlet or outlet connections shall be provided
with wrenching surfaces to allow for normal installation
without damage to operating parts.

(e) Means shall be provided in the design for sealing all
critical parts and external adjustments to ensure that
these parts are original and unmodified. Seals shall be
installed in a manner to prevent changing or modifying
parts without breaking the seal. Seals shall be installed
by the Manufacturer. For spring-actuated non-reclosing
devices larger than DN 15 (NPS '), the seal shall
serve as a means of identifying the device Manufacturer.

(f) If the design of the spring-actuated non-reclosing
device is such that liquid can collect on the discharge
side, then, except as permitted in (g), the spring-actuated
non-reclosing device shall be equipped with a drain at the
lowest point at which liquid can collect.

(g) A spring-actuated non-reclosing device that cannot
be equipped with a drain as required in (f) because of
design or application may be used, provided all the
following conditions are met:

(1) The spring-actuated non-reclosing device is used
only on gas service where there is neither liquid
discharged from the spring-actuated non-reclosing
device norliquid formed by condensation on the discharge
side of the spring-actuated non-reclosing device.

(2) The spring-actuated non-reclosing device i§
provided with a cover or discharge piping per 12.8to
prevent liquid or other contaminant from entering-the
discharge side of the spring-actuated non-reclosing
device.

(3) The spring-actuated non-reclosing device is
marked FOR GAS SERVICE ONLY in.addition to being
marked as required by 6.7.

(h) All spring-actuated non-reelesing devices shall be
constructed so that the failure oflany part cannot obstruct
the free and full discharge of\fluid from the device.

(i) O-rings or other packing devices, when used on the
stems of spring-actuated non-reclosing devices, shall be
arranged so that the'spring-actuated non-reclosing device
performance meets-the requirements of this Section.

(j) Pilot-operated spring-actuated non-reclosing
devices shall\be designed such that

(1).%the pilot is self-actuated

(2) the spring-actuated non-reclosing device will
opelt, automatically at a pressure not exceeding the set
pressure

(3) if some essential part of the pilot fails, the spring-
actuated non-reclosing device will achieve full opening at
or below its rated overpressure

(k) If the pilot of a pilot-operated spring-actuated

(1) The spring shall be designed so that the spring
compression at full lift of the device shall not be greater
than 80% of the nominal solid deflection.

(2) The permanent set of the spring shall not exceed
0.5% of the original free length. Permanent set is defined
as the difference between the original free length and the
free length after the spring has been preset at roem
temperature by compressing it to its solid height three
times. Measurement shall be taken at least-10’ min
following the preset.

(3) For direct spring-loaded devices-that have set
pressures above the maximum pressureused in the ca-
pacity certification tests, the spring force ratio shall
not exceed 1.1 times the spring‘\force ratio of the
device with the highest set pfessure that was used in
the capacity certification tests:*For direct spring-loaded
devices that have orifices larger than the largest size
used in the capacity certification tests, the spring force
ratio shall not excged.1.1 times the spring force ratio
of the device with.largest size orifice in the capacity certi-
fication tests. The spring force ratio, R, shall be calculated
as follows:

Rsf = Fyo/Eyc

where
Fs. = force exerted by the spring when the device is
closed or seated
Fs, = force exerted by the spring when the device is at

rated lift

6.3 MATERIAL REQUIREMENTS

(a) Cast iron seats and disks are not permitted.

(b) Adjacent sliding and sealing surfaces shall both be
of a corrosion-resistant material suitable for use with the
fluid to be contained.

(c) Materials used in pressure-containing or pressure-
retaining components and pressure-retaining bolting
shall be as permitted in Section II, Part D and Section
VIII, Division 1, Subsection C.

(d) Other than as specified in (c), all parts required for
the pressure-relieving or pressure-retaining function
shall be of materials that are

(1) listed in Section II, or

(2) listed in ASTM specifications, or

(3) controlled by the Manufacturer of the spring-
actuated non-reclosing device by a specification ensuring
control of chemical and physical properties and quality at
least equivalent to that of ASTM standards

(e) Springs shall be made of corrosion-resistant mate-
rial or shall have a corrosion-resistant coating.

(f] The seats and disks of spring-actuated non-

device contains a diaphragm, the space above the
diaphragm shall be vented to prevent pressure buildup.
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reclosing devices shall be of suitable material to resist
corrosion by the fluid to be contained. The degree of
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corrosion resistance, appropriate to the intended service,
shall be a matter of agreement between the Manufacturer

the requirements of ASME CA-1. The spring-actuated non-
reclosing device Manufacturer shall be notified of the time

and the purchaser.

(g) Nonmetallic disk inserts and seals shall be compat-
ible with the maximum design temperature established
for the spring-actuated non-reclosing device.

(h) Adjacent sliding surfaces shall both be of corrosion
resistant material. The degree of corrosion resistance,
appropriate to the intended service, shall be a matter
of agreement between the Manufacturer and purchaser.

6.4 INSPECTION OF MANUFACTURING

6.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the quality control procedures will ensure
close agreement between the performance of random
production samples and the performance of those
spring-actuated non-reclosing devices submitted for
certification.

(b) At the time of the submission of spring-actuated
non-reclosing devices for capacity certification or
testing in accordance with 6.4.2, the representative of
the ASME Designated Organization has the authority to
review the spring-actuated non-reclosing device design
for conformity with the requirements of 6.2, 6.3, and
6.5.3, and to reject or require modification of desighs
that do not conform.

(c) Manufacturing, assembly, inspection,~and test
operations, including capacity, are subject to*inspections
at any time by a representative from an ASME Designated
Organization.

6.4.2 Production Certification

A Manufacturer may be granted permission to apply the
Certification Mark and apprépriate Designator to produc-
tion spring-actuated nonsreclosing devices whose capac-
ity or flow resistance has’been certified in accordance with
Part 9, provided the testing described in this paragraph is
successfully completed. This permission shall expire on
the sixth anniyersary of the date it is initially granted.
The permrission may be extended for 6-yr periods if
the testing described in this paragraph is successfully
repéated within the 6-month period before expiration.

6.4.2.1 Sample Selection. Two production sample
spring-actuated non-reclosing devices of a size and capac-
ity within the capability of an ASME-accepted laboratory
shall be selected by a representative of an ASME Desig-
nated Organization.

6.4.2.2 Testing. Operational and capacity testing shall

of the test and may have representatives present to
witness the test.

6.4.2.3 Test Results

(a) Should any spring-actuated non-reclosing device
fail to meet or exceed the applicable performance require-
ments of this Section, the test or tests may be repeated at
the rate of two replacement spring-actuated non-
reclosing devices, selected and tested in“accordance
with 6.4.2.1 and 6.4.2.2, for each device, that failed.

(b) Should any of the replacement spring-actuated non-
reclosing devices described in (a) fail;to meet the capacity
or performance requirements ¢f this Section, the Manu-
facturer shall determine the cause of failure and take
corrective action to guard against future occurrence.
This cause of failure and Corrective action shall be docu-
mented and submittéd'to the ASME Designated Organiza-
tion within 60 days-efthe failure or be cause for revocation
of the authorizatipn to use the Certification Mark on that
particular type of spring-actuated non-reclosing device.
Upon aceeptance of the submitted corrective action by
the ASME"Designated Organization, the requirements
of 6.4:2"shall apply.

6.4.2.4 Alternative Tests for Spring-Actuated Non-
reclosing Devices That Exceed the Laboratory Capabil-
ities

(a) For spring-actuated non-reclosing devices that
exceed the laboratory testing capabilities and for
which lift at rated overpressure can be measured or
complete opening can be verified, the alternative
method described in (1) through (3) shall be used in
lieu of the test requirements of 6.4.2, 6.4.2.1, and
6.4.2.3(a).

(1) Two production spring-actuated non-reclosing
devices that are representative of the design shall be
tested per Mandatory Appendix V, Article V-3. The
tests shall demonstrate to the satisfaction of the represen-
tative of the ASME Designated Organization that the
spring-actuated non-reclosing devices satisfy the
following conditions:

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required
by 6.1.2.

(-b) The spring-actuated non-reclosing device will
achieve complete opening or the minimum lift required to
meet its certified capacity.

(-c) The spring-actuated non-reclosing device will
operate in a stable manner. If only one spring-actuated
non-reclosing device of the design will be produced
within the 6-yr period for which the permission is

be conducted in the presence of a representative from an
ASME Designated Organization ata testing facility meeting
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granted, only that spring-actuated non-reclosing device
need be tested as stated here.
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(2) The testing shall be performed at a facility that is
mutually agreeable to the Manufacturer, the representa-

(1) The stress that would be applied under hydro-
static test conditions does not exceed 50% of the allowable

tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (1)(-a) through (1)(-c).

(3) Inthe event of failure of the tests, 6.4.2.3(b) shall
apply.

(b) For spring-actuated non-reclosing devices that
exceed the laboratory testing capabilities and for
which lift at rated overpressure cannot be measured
or complete opening cannot be verified, the alternative
method described in (1) and (2) shall be used.

(1) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 6.4.2 are followed
and the following additional test requirements are met:

(-a) Two production spring-actuated non-
reclosing devices that are representative of the design
shall be tested per Mandatory Appendix V, Article V-3.
The tests shall demonstrate to the satisfaction of the
representative of the ASME Designated Organization that

(-1) the measured set pressure is consistent
with the stamped set pressure within the tolerances
required by 6.1.2.

(-2) asecondary pressure zone leakage test and
a seat tightness test are demonstrated in accordance with
6.5.1(g) and 6.5.3 If only one spring-actuated non-
reclosing device of the design will be produced within
the 6-yr period for which the permission is granted,
only that spring-actuated non-reclosing device need bé
tested as stated here.

(-b) The testing shall be performed at a facility that
is mutually agreeable to the Manufacturer, the represen-
tative of an ASME Designated Organization, andthe facility
owner. The facility shall be capable of demenstrating the
characteristics stated in (-a)(-1) and (-a){*2).

(-c) In the event of failure of the tests, 6.4.2.3(b)
shall apply.

(2) For 6-yr renewal of capacity or flow resistance
certification, (1)(-a) through:shall apply.

6.5 PRODUCTION_TESTING

Each spring-actuated non-reclosing device to which the
Certification Mark“is to be applied shall be tested by the
Manufacturerin accordance with 6.5.1 through 6.5.3. The
Manufacturer shall have a documented system for the
application, calibration, and maintenance of gages and
insttuments used during these tests.

6.5.1 Pressure Testing

(a) The pressure-containing parts of each spring-actu-
ated non-reclosing device are subject to pressure testing.
/&) A ) 1 Ng - o 1 a) ] a) 1

exempt from pressure testing if any of the following condi-
tions exist:
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stress, and the part is not cast or welded.

(2) The part is downstream of the pressure
containing element and fully within pressure-containing
parts that have been either pressure tested or exempted
from pressure testing by (1).

(c) A spring-actuated non-reclosing device part
requiring pressure testing shall be tested either

(1) hydrostatically at a pressure no less thaf 1.5
times the design pressure of the part, or

(2) pneumatically at a pressure no lesS than 1.25
times the design pressure of the part

CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(d) Pressure testing may be done in the part or
assembled condition.

(e) Pressure testing'shall be conducted after all
machining and welding{operations have been completed.

(f) Parts subjected to pressure testing shall not exhibit
a sign of leakage.

(g) 1f a spting-actuated non-reclosing device with an
inlet size exceeding DN 25 (NPS 1) designed for discharge
to a clesed system has a secondary pressure zone, the
secondary pressure zone shall be tested with air or
other gas at a pressure of at least 200 kPa (30 psi).
There shall be no visible signs of leakage. The user
may specify a higher test pressure commensurate with
the back pressure anticipated in service.

6.5.2 Set Pressure Tests

(a) Eachspring-actuated non-reclosing device to which
the Certification Mark and UD Designator is to be applied
shall be tested by the Manufacturer to demonstrate the
device’s set pressure.

(b) Set pressure tests for spring-actuated non-
reclosing devices used for compressible fluid service
shall be conducted using air or other suitable gas.

(c) Setpressure tests for spring-actuated non-reclosing
devices used for incompressible fluid service shall be
conducted using water or other suitable liquid.

(d) Testfixturesand testdrums, where applicable, shall
be of adequate size and capacity to ensure that the spring-
actuated non-reclosing device opening is consistent with
the marked set pressure within the applicable tolerances
shown in 6.1.2.

6.5.3 Seat Tightness Tests

A seat tightness test shall be conducted on each spring-
actuated non-reclosing device. The test conditions and
specification, or another specification agreed to by the
user and the Manufacturer.
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6.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

(7) year built or, alternatively, a coding such that the
Manufacturer of the spring-actuated non-reclosing device

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the
Certification Mark Designator applied to the spring-actu-
ated non-reclosing relief device.

6.7 MARKING
6.7.1 General

The Manufacturer shall plainly mark each spring-actu-
ated non-reclosing device with the required data in such a
way that the marking will not be obliterated in service. The
marking may be placed on the spring-actuated non-
reclosing device housing or on one or more metal
plates securely fastened to the spring-actuated non-
reclosing device. If such markings will not be visible
when the device is in service, the marking may be
placed on a tab attached as close as possible to the
discharge side of the spring-actuated non-reclosing
device. The tab shall remain visible when installed.

6.7.2 Spring-Actuated Non-reclosing Devices

(a) Each spring-actuated non-reclosing device shall be
marked with the following information. For units of
measure other than those included here, see 1.5.

(1) name of the Manufacturer or an acceptable
abbreviation thereof.

(2) Manufacturer’s design or type number.

(3) DN (NPS) size (the nomijual pipe size of
the spring-actuated non-reclosing deviceinlet).

(4) set pressure kPa (psi).

(5) flow direction.

(6) Certification Mark and, the appropriate Desig-
nator placed under the Certification Mark (see
Figure 10.1-1). A marKing method other than the
stamp issued by the Society may be used provided it is
acceptable to the ASME Designated Organization.

can identify the year the device was tested.

(b) Capacity-certified spring-actuated non-reclosing
devices shall be marked with the information described
in (a)(1) through (a)(7) and one of the following, as ap-
plicable:

(1) kg/h (Ibm/hr) of saturated steam at\an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for spring-actuated non-reclosing deyices certi-
fied on steam

2) L/min (gpm) of water at 207C (70°F) atan
overpressure of 10% or 20 kPa (3.psi), whichever is
greater, for spring-actuated non-reclosing devices certi-
fied on water

3) m?/min of air'af20°C and 101 kPa [stan-
dard cubic feet per minute((SCGFM) of air at 60°F and 14.7
psia)] or kg/min (Ibm/min) of air at an overpres-
sure of 10% or 20 kPa (3 psi), whichever is greater.

In addition to one of the fluids specified in (1) through
(3), the Manufacturer may indicate the capacity in other
fluids (see Mandatory Appendix IV).

(c) Flowéresistance-certified spring-actuated non-
reclosing“devices shall be marked with the information
desctibed in (a)(1) through (a)(7) and the following:

(1) minimum net flow area mm? (in.?)

(2) one or more of the following, as applicable:

(-a) Kgg for spring-actuated non-reclosing
devices certified on air or gases.

(-b) Kgy for spring-actuated non-reclosing
devices certified on liquid.
(-c) KgaL for spring-actuated non-reclosing

devices certified on air or gases, and liquid

(d) The pilot of a pilot-operated spring-actuated non-
reclosing device shall be plainly marked by the Manufac-
turer with the name of the Manufacturer, the Manufac-
turer’s design or type number, the set pressure in
kilopascals (pounds per square inch), and the year
built or, alternatively, a coding that the Manufacturer
can use to identify the year built. The pilot and main
valve of a pilot-operated spring-actuated non-reclosing
device shall each be marked with the same unique iden-
tifier to establish association of both components.
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PART 7
REQUIREMENTS FOR TEMPERATURE AND PRESSURE
RELIEF VALVES

7.1 GENERAL

(a) This Part contains requirements that are applicable
to temperature and pressure relief valves that are to be
marked with the Certification Mark and HV Designator.

(b) A temperature and pressure relief valve is a pres-
sure relief valve that may be actuated by pressure at the
valve inlet or by temperature at the valve inlet. The pres-
sure-relieving feature is normally achieved by a conven-
tional direct spring-loaded type of relief valve design. The
temperature-relieving feature is achieved by a separate
thermal-sensing element. The pressure- and tempera-
ture-relieving features are independent of one another.

7.2 DESIGN AND MECHANICAL REQUIREMENTS

Temperature and pressure relief valves shall meet the
design and mechanical requirements in 3.2. Additionally,
the thermal-sensing elements for temperature and pres<
sure reliefvalves shall be so designed and constructed that
they will not fail in any manner that could obstruct.flow
passages or reduce capacities of the valves when the
elements are subjected to saturated steam teniperature
corresponding to capacity test pressure,\Teémperature
and pressure relief valves incorporating these elements
shall comply with a nationally recognized standard
(e.g, ANSI Z21.22/CSA 4.4).

7.3 MATERIAL REQUIREMENTS
Temperature and pressure relief valves shall meet the

material requirementsiin 3.3.

7.4 INSPECTION OF MANUFACTURING AND/OR
ASSEMBLY

Temperature and pressure relief valves shall meet the
inspéction of manufacturing and/or assembly require-
mients in 3.4.

7.5 PRODUCTION TESTING

Production testing of temperature and‘pressure relief
valves shall be in accordance with3:6.

7.6 WELDING

Welding is not allowed\on~temperature and pressure
relief valves.

7.7 MARKING

Temperatire)and pressure relief valves shall be marked
in accordance with 3.9.

7.8-CERTIFICATION OF CAPACITY

'The capacity of temperature and pressure relief valves
shall be certified in accordance with Part 9 and the
following additional requirements:

(a) Set Pressure Tests of Temperature and Pressure
Relief Valves. For the purpose of determining the set pres-
sure of temperature and pressure relief valves, the test
fluid shall be room temperature water. The actual set pres-
sure is defined as the pressure at the valve inlet when the
flow rate through the valve is 40 cc/min (2.4 in.3/min).

(b) Capacity Tests of Temperature and Pressure Relief
Valves. For the purpose of determining the capacity of
temperature and pressure relief valves, dummy elements
ofthe same size and shape as the regularly applied thermal
element shall be substituted and the relieving capacity
shall be based on the pressure element only. Valves
selected to meet the requirements of production
testing shall have their temperature elements deactivated
by the Manufacturer prior to or at the time of capacity
testing.
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PART 8
REQUIREMENTS FOR DEVICES IN COMBINATION

8.1 GENERAL

(a) The rules of this Part are applicable only when
specified by the referencing Code or Standard.

(b) A non-reclosing pressure relief device that meets
the requirements of Part 4 or Part 5 may be used in combi-
nation with a pressure relief valve that meets the require-
ments of Part 3. This combination of devices may be
advisable on pressurized equipment subject to one or
more of the following conditions:

(1) Thevessel contains substances that may render a
pressure relief valve inoperative by fouling.

(2) Aloss of valuable material by leakage should be
avoided.

(3) Contamination of the atmosphere by leakage of
noxious, flammable, or hazardous fluids must be avoided.

8.2 RUPTURE DISK DEVICE INSTALLED BETWEEN
A PRESSURE RELIEF VALVE AND THE
PRESSURIZED EQUIPMENT

A rupture disk device may be installed betweén a‘pres-
sure relief valve and the pressurized equipment, provided
the following conditions are met:

(a) The flow capacity of the combined\pressure relief
valve and the rupture disk device shallmeet the maximum
permissible overpressure requirerhents of the referencing
Code or Standard.

(b) The combined capacity of the pressure relief valve
(nozzle type) and rupture-disk device shall be the rated
capacity of the valve multiplied by a factor of 0.90. Alter-
natively, the capacity of Such a combination shall be estab-
lished in accordance with (c).

(c) The capacity of the combination of the rupture disk
device and the/pressure relief valve may be established in
accordance)with the appropriate paragraphs of 9.5.

(d)~The space between the rupture disk device and the
préssure relief valve shall be provided with a pressure
gage, try cock, free vent, or other suitable telltale indicator.
This arrangement permits detection of disk rupture or
leakage. For Section VIII, Division 3 (UD3 Designator)
devices, in lieu of one of the previously mentioned indi-
cators, the series combination can be provided with a
second rupture disk device in parallel whose burst pres-

the disk and the pressure relief valve, whichill occur
should leakage develop in the rupture disk due to corro-
sion or other cause.

(e) The opening provided through the rupture disk
after the disk bursts shall be sufficient to permit a
flow equal to the capacity ofith€ pressure relief valve
[see (b) and (c)], and there-shall be no chance of inter-
ference with proper fungtioning of the pressure relief
valve. However, in ne_case shall this area be less than
the inlet area of the‘pressure relief valve unless the ca-
pacity and functioning of the specific combination of
rupture disk\device and pressure relief valve have
been established by test according to 9.5.

(f) Théuse of arupture disk device in combination with
a pressure relief valve should be carefully evaluated to
ensute that the fluid being handled and the valve opera-
tiohal characteristics will result in opening action of the
valve coincident with the bursting of the rupture disk.

(g) The installation shall ensure that solid material will
not collect in the inlet or outlet of the rupture disk; accu-
mulation of such material could impair the relieving ca-
pacity of the relief system.

(h) Fragmenting-type rupture disks shall not be used
upstream of a pressure relief valve.

8.3 RUPTURE DISK DEVICE INSTALLED ON THE
OUTLET SIDE OF A PRESSURE RELIEF VALVE

A rupture disk device may be installed on the outlet side
of a pressure relief valve, provided (a) through (i) are met.
This use of a rupture disk device in series with the pres-
sure relief valve is permitted to minimize leakage through
the valve of valuable material or of noxious or otherwise
hazardous materials, to accommodate the use of rupture
disks on pressurized equipment for which a rupture disk
alone or disk located on the inlet side of the valve is
impracticable, or to prevent corrosive gases from a
common discharge line from reaching the valve internals.

(a) The pressure relief valve shall not fail to open at its
proper pressure setting regardless of any back pressure
that can accumulate between the pressure relief valve disk
and the rupture disk. The space between the pressure
relief valve disk and the rupture disk shall be vented
or drained to prevent accumulation of pressure, or

(25)

SUre 15 11696 0f VESSe desSIg pressure. USers are warnea
that a rupture disk will not burst at its marked bursting
pressure if back pressure builds up in the space between
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mulation of pressure does not affect the proper operation
of the pressure relief valve. Users are warned that many
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types of pressure relief valves will not open at the set pres-
sure if pressure builds up in the space between the pres-

(1) The capacity of the combination of the pressure
relief valve and the pin device shall meet the maximum

sure relief valve disk and the rupture disk device. A
pressure relief valve that is balanced against back pres-
sure may be required.

(b) The valve and disk combination shall meet the
maximum permissible overpressure requirements of
the referencing Code or Standard.

(c) The marked bursting pressure of the rupture disk at
the coincident temperature plus the additional pressure in
the outlet piping that will occur during venting shall not
exceed the design pressure of the components on the
discharge side of the pressure relief valve and any
pipe or fitting between the pressure relief valve and
the rupture disk device. In addition, the marked bursting
pressure of the rupture disk at the coincident disk
temperature plus the pressure developed in the outlet
piping during venting shall not exceed the set pressure
of the pressure relief valve.

(d) The opening provided through the rupture disk
device after the disk bursts shall be sufficient to
permit a flow equal to the rated capacity of the attached
pressure relief valve without exceeding the allowable
overpressure.

(e) Any piping beyond the rupture disk shall be
designed so that it will not be obstructed by the
rupture disk or its fragments.

(f) The contents of the pressurized equipment shall be
clean fluids, free from gumming or clogging matter, so
accumulation in the relief system will not interfere
with pressure relief valve function.

(g9) The system shall be designed to consider the
adverse effects of any leakage through the pressure
relief valve or outlet-side rupture disk«device, to
ensure system performance and reliability. Some
adverse effects resulting from leakage'may include
obstruction of the flow path, corresion of pressure
relief valve components, and undésirable bursts of the
outlet-side rupture disk.

8.4 PIN DEVICE INSTALLED BETWEEN A
PRESSURE RELIEF VALVE AND THE
PRESSURIZED)EQUIPMENT

(a) A pin deviceé may be installed between a pressure
relief valverand’the pressurized equipment, provided the
following ¢onditions are met:

permissible overpressure requirements of the referencing
Code or Standard.

(2) The combined capacity ofa Section XII (TV Desig-
nator) nozzle-type pressure relief valve and pin device
(TD Designator) shall be the rated capacity of the
valve multiplied by a factor of 0.90. Alternatively, the ca-
pacity of such a combination shall be established in accor:-
dance with (4).

(3) For Section VIII, Division 1 (UV Designator)
valves, the combined capacity of the pregsure relief
valve and pin device shall be the rated capacity of the
valve multiplied by a factor of 0.90, previded the appro-
priate resistance factor, Krg, Krgr, or Kgy, of the device is
less than 6.0, or by a combination‘capacity factor estab-
lished in accordance with (4).

(4) The capacity of the combination of the pin device
and the spring-loaded pressure relief valve may be estab-
lished in accordance with 9.5.

(5) The space petween the pin device and the pres-
sure relief valve shall be provided with a pressure gage, try
cock, free vent){or suitable telltale indicator. Users are
warned that a'pin will not activate at its marked set pres-
sure if back/pressure builds up in the space between the
pin devVice and the pressure relief valve because of leakage
throuigh the pin due to corrosion or other forms of dete-
rioration.

(6) The opening provided through the pin device
after activation shall be sufficient to permit flow equal
to the capacity of the valve, and there shall be no
chance of interference with proper functioning of the
valve. However, in no case shall this area be less than
the area of the inlet of the valve unless the capacity
and functioning of the specific combination of pin
device and pressure relief valve have been established
by test in accordance with Part 9.

(7) The set pressure of the pin device shall be equal
to or greater than 90% of the set pressure of the pressure
relief valve.

(b) A pin device shall not be installed on the discharge
side of a pressure relief valve.

8.5 MARKING
DELETED

(25)
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PART 9
CAPACITY AND FLOW RESISTANCE CERTIFICATION

(25) 9.1 GENERAL

9.1.1 General Certification Requirements

(a) Before the Certification Mark is applied to any pres-
surerelief device, the Manufacturer shall have the capacity
or flow resistance of their devices certified in accordance
with the provisions of this Part.

(b) At the time of the submission of pressure relief
devices for capacity or flow resistance certification or
testing in accordance with this Part, an ASME Designated
Organization has the authority to review the design for
conformity with the requirements of this Section and
to reject or require modification of designs that do not
conform.

(c) Certified values for pressure relief devices are
published in NBBI NB-18.

9.1.2 Test Facility and Supervision

(a) Capacity and flow resistance certification shdll\be
conducted in accordance with Mandatory Appendix V.

(b) Testing shall be conducted by an accredited-testing
laboratory, in the presence of an Authorized Observer.

(c) Testing laboratories shall be accredited, and test
supervisors shall have been acceptedvas Authorized
Observers, in accordance with, the‘requirements of
ASME CA-1.

9.1.3 Test Data Report

Certification test data.report for each pressure relief
device model, type, and-size, signed by the Manufacturer
and the Authorized Observer witnessing the tests,
together with drawings showing the device construction
shall be submitted to the ASME Designated Organization
for revietv and acceptance.

9.1.4 Design Changes

{a) When changes are made in the design of a pressure
relief device or power-actuated pressure relief valve in
such a manner as to affect the flow path, lift, or perfor-
mance characteristics of the device, new tests in accor-
dance with this Part shall be performed.

(b) When changes are made in the design of a non-

device, new tests in accordance with this®art shall be
performed.

9.2 REQUIREMENTS FOR PRESSURE RELIEF
VALVES

Pressure relief valves shall be capacity certified in
accordance with 9.7.3, 9:7:4, 9.7.5, or 9.7.6, and 9.9, if
applicable.

9.2.1 Blowdown

(a) Pressure relief valves for compressible fluids
having an‘ddjustable blowdown construction shall be
adjusted ‘prior to testing so that the blowdown does
not exceed 5% of the set pressure or 20 kPa (3 psi), which-
eVeris greater.

(b) Pressure relief valves for incompressible fluids and
pressure relief valves for compressible fluids having
nonadjustable blowdown shall have the blowdown
noted and recorded.

(c) Pressurereliefvalves for Section I power boilers for
steam service to be marked with the Certification Mark
and V Designator shall be adjusted so that the blowdown
does not exceed 4% of the set pressure. For pressure relief
valves set at or below 700 kPa (100 psi), the blowdown
shall be adjusted so as not to exceed 30 kPa (4 psi). Pres-
sure relief valves used on forced-flow steam generators
with no fixed steam and waterline, and pressure relief
valves used on high-temperature water boilers shall be
adjusted so that the blowdown does not exceed 10%
of the set pressure. The reseating pressure shall be
noted and recorded.

(d) Blowdown adjustment is not a requirement for
Section IV (HV Designator) pressure relief valves.

9.2.2 Pilot-Operated Pressure Relief Valves

Capacity certification of pilot-operated pressure relief
valves may be based on tests without the pilot devices
installed, provided that, prior to capacity tests, it has
been demonstrated by test to the satisfaction of the
Authorized Observer that the following conditions have
been met:

(a) The pilot device will cause the main device to open

reclosing pressure relief device that affect the flow
path or activation performance characteristics of the
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(1) 10% or 20 kPa (3 psi), whicheveris greater, for all
pilot-operated pressure relief valves except as specified

9.2.4 Nozzle-Type Pressure Relief Valves for
Saturated Water

in (2)

(2) 3% or 15 kPa (2 psi), whichever is greater, for
steam pilot-operated pressure relief valves for Section I
boilers marked with Certification Mark and V Designator

(b) The pilot device in combination with the main
device will meet all the requirements of this Section.

9.2.3 Use of V-Designated Valves for
UV-Designated Applications

(a) It is permissible to rate Section I pressure relief
valves marked with the Certification Mark and V Desig-
nator and having capacity ratings at a flow pressure of
103% of the set pressure for use on pressure vessels
in Section VIII, Division 1 compressible fluid service
with absolute pressures up to 10.9 MPa (1,580 psia)
without further test. In such instances, the capacity
rating of the pressure relief valve may be increased by
the following multiplier to allow for the Section VIII, Divi-
sion 1 flow pressure of 110% of the set pressure:

(SI Units)

1.10p + 0.101
1.03p + 0.101

(U.S. Customary Units)
1.10p + 14.7
1.03p + 14.7

where
p = set pressure, MPa gage (psig)

Such valve capacity shall be marked iiaccordance with
the requirements of 3.9 for for Section VIII (UV Desig-
nator) pressure relief valves. This-multiplier shall not
be used as a divisor to transform test ratings from a
higher to a lower flow.

(b) For absolute steampressures above 10.9 MPa
(1,580 psia), the multiplier in (a) is not applicable. For
pressure relief valves with absolute relieving pressures
between 10.9 MPa (1,580 psia) and 22.1 MPa (3,200
psia), the capacity shall be determined by the equation
for steam and the correction factor for high-pressure
steam in9/7.6.4(a), with the permitted absolute relieving
pressure (for SI units, 1.10p + 0.101; for U.S. Customary
units; 1.10p + 14.7) and the coefficient K for that valve
design.

Rating of nozzle-type pressure relief valves, i.e., valves
having a coefficient of discharge, Kp, greater than 0.90 and
nozzle construction, for saturated water shall be in accor-
dance with Mandatory Appendix IV, IV-2(f).

9.3 REQUIREMENTS FOR NON-RECLOSING
PRESSURE RELIEF DEVICES

(a) Non-reclosing pressure relief devices shall'be certi-
fied for either capacity or flow resistance. This require-
ment does not apply to Section VIII, Bivision 3 (UD3
Designator) devices.

(b) For devices to be certified for‘capacity, the require-
ments of 9.7.3, 9.7.4, 9.7.5, or,. 936 shall apply except
where noted.

(c) For devices to be certified for flow resistance, 9.7.7
shall apply except where noted.

9.4 REQUIREMENTS FOR SPRING-ACTUATED
NON-RECLOSING PRESSURE RELIEF DEVICES

DELETED

9.57REQUIREMENTS FOR PRESSURE RELIEF
VALVES IN COMBINATION WITH NON-
RECLOSING PRESSURE RELIEF DEVICES

(a) For each combination of pressure relief valve
design and non-reclosing pressure relief device design,
the pressure relief valve Manufacturer or the non-
reclosing pressure relief device Manufacturer may
have the capacity of the combination certified as
prescribed in (c) and (d).

(b) Capacity certification tests shall be conducted using
the test fluids specified in 9.7.1.

(c) The pressure relief valve Manufacturer or the non-
reclosing pressure relief device Manufacturer may submit
for tests a non-reclosing pressure relief device of the smal-
lestsize intended to be used in a combination device, along
with the equivalent-size pressure relief valve. The pres-
sure relief valve to be tested shall have the largest orifice
used in the particular inlet size.

(d) Tests may be performed in accordance with (1)
through (6). The non-reclosing pressure relief device
and pressure relief valve combination to be tested
shall be arranged to duplicate the combination assembly
design.

(1) The test shall embody the minimum set pressure
of the non-reclosing pressure relief device design to be
used in combination with the pressure relief valve
design. The marked set pressure of the non-reclosing pres-

(25)

(25)
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sure relief device shall be between 90% and 100% of the
marked set pressure of the valve.
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(2) The test procedure to be used shall be as follows: pressure previously tested, but it shall not be greater

(-a) The pressure relief valve (one valve) shall be than 1.0.
tested for capacity as an individual valve, without the non-
reclosing pressure relief device, at a pressure 10% or 9.7 CERTIFICATION METHODS
20 kPa (3 psi), whichever is greater, above the valve
set pressure. 9.7.1 Test Fluid (257

(-b) The non-reclosing pressure relief device shall
then be installed at the inlet of the pressure reliefvalve and
activated to operate the valve. The capacity test shall be
performed on the combination at 10% or 20 kPa (3 psi),
whichever is greater, above the valve set pressure, dupli-
cating the individual pressure relief valve capacity test.

(3) Tests shall be repeated with two additional acti-
vation components of the same nominal rating for a total of
three activation components to be tested with the single
pressure relief valve. The results of the capacity test shall
fall within a range of 10% of the average capacity of the
three tests. Failure to meet this requirement shall be cause
to require retest for determination of the cause of the
discrepancies.

(4) From the results of the tests, a combination ca-
pacity factor shall be determined. The combination capac-
ity factor is the ratio of the average capacity determined by
the combination tests to the capacity determined on the
individual valve. The maximum value for the combination
capacity factor shall not be greater than 1.0.

(5) The combination capacity factor shall be used as
a multiplier to make appropriate changes in the ASME-
rated relieving capacity of the pressure relief valve{in
all sizes of the design. The combination capacity factor
shall apply only to combinations of the same design of
pressure relief valve and same design of non=reclosing
pressure relief device as those tested.

(6) Thetestlaboratory shall submitthetestresultsto
the ASME Designated Organization for\acceptance of the
combination capacity factor.

Certification tests for pressure relief devices shall be
conducted using test fluids in accordance with the
following:

(a) For Devices to Be Marked With the Certification Mark
and V or NV (for Main Steam) Designator.

(1) For steam service, capacity certification tests
shall be conducted using dry saturated steam. The
limits for test purposes shall be 98% minimum quality
and 10°C (20°F) maximum supérheat. Correction from
within these limits may be“made to the dry saturated
condition.

(2) For liquid service, capacity certification tests
shall be conducted\using water at a temperature
between 5°C (40°F)to 50°C (125°F).

(b) For Devices'to Be Marked With the Certification Mark
and NV, UV, yor' UD Designator

(1) CGompressible fluid devices shall be flow tested
usingddry saturated steam, or air or other gas. For test
purposes, the temperature limit of air or other gases at
the/device inlet shall be between -20°C (0°F) and 90°C
(200°F), and the limits of 98% minimum quality and
10°C (20°F) maximum superheat shall apply for steam.
Correction from within these limits may be made to
the dry saturated condition. Steam service valves flow
tested with air or other gases shall have at least one
valve of each series flow tested using steam to demon-
strate the steam capacity and performance.

(2) Incompressible fluid devices certified for capac-
ity shall be flow tested using water. For test purposes, the
water temperature shall be between 5°C (40°F) and 50°C

(125°F).
9.6 OPTIONAL TESTING QF'NON-RECLOSING (c) For Devices to Be Marked With the Certification Mark

PRESSURE RELIEF-DEVICES AND PRESSURE and UV3 Designator. Flow capacity certification tests shall

RELIEF VALVES be conducted with liquids or vapors, as appropriate. For
fluids that are near their critical point, or in any region

(a) 1f desired, avalve Manufacturer or a non-reclosing . i ) Y
where their thermodynamic properties are significantly

pressure relief-device Manufacturer may conduct tests in

the same manner as outlined in 9.5(d)(3) and 9.5(d)(4) nonlin('ear or where a change of.phase may occu.r in
using the-neéxt two larger sizes of the design of non- the device (flashing), the flow capacity shall be determined

reclosiigpressure relief device and pressure relief using appro_prigte Corre.lations and p_roced.ures from the
valy€ to determine a combination capacity factor applica- vapor and liquid Fapac1ty data obtalne.:d n accor(.iance
bleto larger sizes. If a greater combination capacity factor with 9.7. Alternat'lvely, the flow capacity a.n('i design of
iS"established and can be certified, it may be used for all the pressure rel'lef sys'tem may be specified by th.e
larger sizes of the combination, but it shall not be greater user or t_he users de51gnate.d agent, based on ba,SIC
than 1.0. data, testing, and demonstration on such actual fluids
(b) If desired, additional tests may be conducted at at expelcted oper:ilting Fonditiop.s. This information is

higher pressures, in accordance with 9.5(d)(3) and stated in the Users Design Spec1'f1cat10n. . .
9.5(d)(4). to establish a maximum combination capaci (d) For Devicesto Be Marked With the Certification Mark
and HV Designator. Flow capacity certification tests shal

factor to be used at all pressures higher than the highest .
be made with dry saturated steam. For test purposes, the

limits of 98% minimum quality and 10°C (20°F) maximum
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Table 9.7.2-1
Test Pressure for Certification Tests

Pressure Relief Device

Certification Mark

Designator [Note (1)] Service

Maximum Pressure for Capacity
or Flow Resistance Certification Test

\Y Steam
NV for main steam valves

103% of set pressure, or set pressure + 15 kPa (2 psi),
whichever is greater

Liquids

110% of set pressure, or set pressure + 20 kPa (3 psi),
whichever is greater

HV Steam boilers Set pressure + 35 kPa (5 psi)
Hot water heating and water supply boilers 110% set pressure
UV or UD All except those indicated below 110% of set pressure, or set pressure_+\20-kPa (3 psi),

NV for pressure relief valves

whichever is greater [Note (2)]

Fire or unexpected external heating for vessels with
no permanent supply connection [Note (3)]

120% of marked set pressure

uv3 All 110% of set pressure
TV or TD All except those indicated below 110% of set pressure,or.sét pressure + 20 kPa (3 psi),
whichever is greater ‘[Note (2)]
As permitted by the appropriate Section XII Modal | 120% of marked'\set pressure
Appendix [Note (4)]
NOTES:

(1) See the General Note of Table 2.1-1 for a listing of the devices to which the Certification Mark Designators apply.
(2) For pressure relief valves, minimum pressure for capacity certification tests shall Be*at'least 20 kPa (3 psi) above the set pressure.

(3) See Section VIII, Division 1, UG-153(a)(3).
(4) See Section XII, Article TR-1.

superheat shall apply. Correction from within these limits
may be made to the dry saturated condition. The relieving
capacity shall be measured by condensing the steam or, by
using a calibrated steam flowmeter. To determine. the
discharge capacity of pressure relief valves in terxms of
other units permitted in 3.9(e)(5)(-c), use the applicable
formula below:

(51 Units)

capacity, kW = capacity, kg/hX.0.646 kW- h/kg

(U.S. Customary Units)

capacity, Btu/hr =_capacity, Ibm/hr X 1,000 Btu/Ibm

(e) For Devices tg Be Marked With the Certification Mark
and TV or TD Designator

(1) Compressible fluid devices shall be tested using
air or ga$.For test purposes, the temperature limit of air or
other gases at the device inlet shall be between -20°C
(0°K).and 90°C (200°F).

(2) Incompressible fluid devices certified for capac-
ity shall be flow tested using water. For test purposes, the
water temperature shall be between 5°C (40°F) and 50°C
(125°F).

9.7.2 Test Pressure

Certification tests shall be conducted at an absolute flow
rating pressure as indicated in Table 9.7.2-1.

9.7.3 Design Certification by the Single-Device
Method

A Manufacturer may obtain permission to apply the
Certification Mark to a single device and pressure
setting. For certification of multiple devices with the
same pressure setting, see 9.7.4.

(a) When a single device is to be capacity tested, the
certified capacity may be based on three separate tests at
the set pressure for which capacity certification is
required.

(b) The certified capacity associated with each set pres-
sure shall not exceed 90% of the average capacity estab-
lished by the tests. Failure of the individual test capacities
to fall within £5% of the average capacity associated with
each set pressure shall be cause for rejection of the test.
The reason for the failure shall be determined and the test
repeated.

(c) Should additional devices of the same design be
constructed at a later date, the results of the tests on
the original device may be included as applicable to
the particular test method selected.
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9.7.4 Design Certification by the Three-Device
Method

be tested for each device beyond the +5% range, up to a
limit of four additional devices.

(25)

A Manufacturer may obtain permission to apply the
Certification Mark to a single device size, design, and pres-
sure setting. For certification of a device design with a
range of pressure settings, see 9.7.5.

(a) A capacity certification test is required on a set of
three pressure relief devices for each combination of size,
design, and pressure setting.

(b) The rated capacity for each combination of design,
size, and test pressure shall be 90% of the average capacity
of the three devices tested.

(c) The capacity of each device of the set shall fall within
a range of +5% of the average capacity.

(d) If the capacity of one of the three pressure relief
devices tested falls outside the range specified in (c),
the device shall be replaced by two devices, and a new
average shall be calculated based on all four devices,
excluding the replaced device. Failure of any of the
four capacities to fall within a range of +5% of the
new average shall be cause to refuse certification of
that particular device design.

9.7.5 Design Certification by the Four-Device
Method

A Manufacturer may obtain permission to apply the
Certification Mark to a pressure relief device design by
certifying an individual orifice size over arange of set pres-
sures. Capacity testing of four devices shall be conducted
on the orifice size to be certified. These four devices shall
cover the range of pipe sizes to be certified andybe set at
pressures that cover the approximate range,of pressures
for which the device will be used or the range of pressures
available at the certified test facility that shall conduct the
tests. The capacities based on thesgfour tests shall be as
follows:

(a) For compressible fluids, the slope, S,,, of the
measured capacity versus-the absolute flow-rating pres-
sure shall be determined\for each test point as follows:

S = W/Pf

where
Pr = absolute flow-rating pressure, MPa (psia) (see
Table 9.7.2-1)
slope, kg/h/MPa (Ibm/hr/psia) or m®/min/MPa
(SCFM /psia)
W = measured capacity, kg/h (Ibm/hr) of saturated
steam, or m3/min of air at 20°C and 101 kPa
(SCFM of air at 60°F and 14.7 psia)

Spr

The average slope, S,g, shall be the arithmetic mean of
all calculated slope values, S,,,. All experimentally deter-

The average slope, S,vg, shall be multiplied by 0.90, and
this product shall be taken as the rated slope, S, for that
design and orifice size combination. The relieving capacity
to be marked on the device shall not exceed the rated
slope, S, multiplied by the absolute relieving pressure:

For direct spring-loaded valves, the results may-be
extrapolated to valves with set pressures highef than
the highest set pressure used in the capacity certification
tests if the spring in the valve with the highefseét pressure
meets the requirements of 3.2.5.

(b) For incompressible fluids, the flew factor, F,,, shall
be determined from the ratio of theyneasured volumetric
capacity versus the square root of\the differential flow-
rating pressure for each test point as follows:

Q

/Pf -F

E =

m

where
P, = absolute/discharge pressure, MPa (psia)
Pr = absolute flow-rating pressure, MPa (psia) (see
Table 9.7.2-1)
Q.= measured volumetric capacity, L/min (gpm),

corrected to 20°C (70°F)

The average flow factor, F,,g, shall be the arithmetic
mean of all calculated flow factors, F,,. All experimentally
determined flow factors, F,,, shall fall within a range of
+5% of the average flow factor, F,.. If all the flow
factors, F,, are not within +5% of F,,, two additional
devices shall be tested for each device beyond the
+5% range, up to a limit of four additional devices.

The average flow factor, F,g, shall be multiplied by 0.90,
and this product shall be taken as the flow factor, F, for that
design and orifice size combination. The relieving capacity
to be marked on the device shall not exceed the flow factor,
F,multiplied by the square root of the differential relieving
pressure.

For direct spring-loaded valves, the results may be
extrapolated to valves with set pressures higher than
the highest set pressure used in the capacity certification
tests if the spring in the valve with the higher set pressure
meets the requirements of 3.2.5.

9.7.6 Design Certification by the Coefficient of
Discharge Method

A Manufacturer may obtain permission to apply the
Certification Mark to a pressure relief device design by
certifying multiple orifice sizes over a range of set pres-
sures. A coefficient of discharge for the design, K, may be
established for a specific pressure relief device design

:\r‘r‘nrr‘ling to the prnr‘ndnrnc described - in 9 7 6 1

mined slope values, S, shall fall within a range of +5% of
the average slope, S,,. If all slope values, S, are not within
+5% ofthe average slope, S, two additional devices shall
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9.7.6.1 For each design, the pressure relief device
Manufacturer shall submit for test at least three

devices for each of three different sizes (a total of nine
devices), together with detailed drawings showing the
device construction. Each device of a given size shall
be set at a different pressure so that the tests cover
the range of pressures for which the device will be
used or the range available at the facility where the
tests are conducted. However, pressure relief valves
for steam boilers marked with the Certification Mark
and HV Designator shall have all nine valves set at
100 kPa (15 psig).

9.7.6.2 For eachvalve design intended to be restricted
in lift, the Manufacturer shall have capacity tests
conducted on three valves of different sizes. Each size
valve shall be tested for capacity at the minimum lift
for which certificationisrequired, and at two intermediate
lift points between the full-rated lift and minimum lift
certification points. Each of the three test valves shall
be set at a different pressure.

9.7.6.3 For each restricted-lift valve tested, it shall be
verified that actual measured capacity atrestricted lift will
equal or exceed the ASME-rated capacity at full-rated lift
multiplied by the ratio of measured restricted lift to full-
rated lift.

9.7.6.4 Tests shall be made on each pressure relief
device to determine its lift (if applicable) at capacity,
set pressure and blowdown (for pressure relief
valves), and measured relieving capacity in terms¢of
the fluid used in the test. A coefficient of discharge)Kp,
shall be established for each test run as follows!

K; - W
D Wy

where

W = measured relieving capacity determined quanti-
tatively by test, kg/h(lbm/hr)
theoretical relieving capacity calculated by the
appropriate equation as given in (a) through
(d), kg/h (Ibm/hr)

Wr

(a) For TestseWith Dry Saturated Steam
(1) For 45-deg seat

(51 Units]

Wr = 525 X nDLP X 0.707

(U.S. Customary Units)
Wr = S1.5 X =DLP X 0.707

P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)
Wr = theoretical relieving capacity, kg/h (Ibm/hr)

(2) For flat seat
(SI Units)
Wr = 5.25 X nDLP

(U.S. Customary Units)
Wr = 51.5 X nDLP

where
D = seat diameter, mm, (in.)

L = lift at pressure, P, mm (i)
P = absolute relieving ptessure, MPa (psia) (see
Table 9.7.2-1)
Wy = theoretical relieving capacity, kg/h (Ibm/hr)

(3) For nozzle

(SI Units)

W = 5.25AP

(U.S\ €ustomary Units)
Wr = 51.5AP

where
A = actual discharge area through the device at
developed lift, mm? (in.?)

P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)
Wr = theoretical relieving capacity, kg/h (Ibm/hr)

For dry saturated steam pressures over 10.9 MPa
(1,580 psia) and up to 22.1 MPa (3,200 psia), Wy calcu-
lated from the equations in (1) through (3) shall be multi-
plied by one of the following correction factors only if the
calculated correction factor is greater than 1.0:

(SI Units)

27.6P — 1000
33.2P — 1061

(U.S. Customary Units)
0.1906P — 1,000
0.2292P — 1,061

where
P = absolute relieving pressure, MPa (psia) (see

where
D = seat diameter, mm (in.) ‘able 9.7.2-1)
L = lift at pressure, P, mm (in.)
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(b) For Tests With Air M = molecular weight for specific fluid or mixture,
kg/kg-mol (Ibm/lb-mole)
For nozzle P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)
(SI Units) T = absolute temperature at inlet, K (°R)
K = °C + 273
i °R = °F + 460
Wr = 27.03AP\/j Wy = theoretical relieving capacity, kg/h (Ibm/hr)
T Z = compressibility factor for the specific fluid-at the

(U.S. Customary Units)

—_—

1% 356AP M
T= V_
T

where
A = actual discharge area through the device at
developed lift, mm? (in.?)
M = molecular weight of air
= 28.97 kg/kg-mol (28.97 Ibm/lb-mole)
P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)
T = absolute temperature at inlet, K (°R)
K = °C + 273
°R = °F + 460
W7 = theoretical relieving capacity, kg/h (Ibm/hr)
(c) For Tests With Other Gases
For nozzle
Wr = CAP M
zZT
where
A = actual discharge area through the‘device at

developed lift, mm? (in.?)

constant for gas or vapor baséd on ideal ratio, k,
ofthe specificheat in constant pressure, ¢, to the
specific heat in constantvelume, ¢,: k= c,/c, [see
Mandatory Appendix }V, Figure IV-1-1M (Figure
IV-1-1)]. C is determined from one of the
following equations:

(51 Units)

Jkg X kg-mol XK

mm? X h X MPa

C '=/39.48

(U.S. Customary Units)

JIbm X Ib-mole X °R
X hr X psia

C = 520
in.

specified conditions of P and T, unitless

(d) For Tests With Water or Other Incompressible Fluids
(1) For 45-deg seat

(SI Units)

Wr = 5.0922DL(0:707) /(P — By)p
(U.S. Customary Units)

Wy/=.2)4071DL(0.707) /(P — Py)p

where
D = Seat diameter, mm (in.)
L. < lift at pressure, P, mm (in.)
P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)

P; = absolute discharge pressure, MPa (psia)

Wr = theoretical relieving capacity, kg/h (Ibm/hr)
p = density of fluid at device inlet conditions, kg/m>

(Ibm/ft%)
(2) For flat seat

(51 Units)

Wr = 5.0927DL./(P — By)p
(U.S. Customary Units)

Wr = 2,407xDL./(P — Py)p

where
D = seat diameter, mm (in.)
L = lift at pressure, P, mm (in.)
P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)

P; = absolute discharge pressure, MPa (psia)

Wy = theoretical relieving capacity, kg/h (Ibm/hr)
p = density of fluid at device inlet conditions, kg/m>

(Ibm/ft%)
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(3) For nozzle

sions of the flow path and all dimensions of the parts that
can affect the overall thrust exercised by the fluid on the

(ST URIts)

Wr = 50924,/ (P — B))p
(U.S. Customary Units)

W = 2,407A,/(P — B))p

where
A = actual discharge area through the device at
developed lift, mm? (in.?)
P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)
P; = absolute discharge pressure, MPa (psia)
W7 = theoretical relieving capacity, kg/h (Ibm/hr).
p = density of fluid at device inlet conditions, kg/m>

(Ibm/ft%)

To convertkilograms of water per hour to liters of water
per minute, multiply the capacity, Wy, in kilograms per
hour by Y. To convert pounds mass of water per
hour to gallons of water per minute, multiply the capacity,
W, in pounds mass per hour by Yeoo-

9.7.6.5 All experimentally determined coefficients, Kp,
shall fall within a range of +5% of the average K found. Ifa
device fails to meet this requirement, two additional
devices shall be tested as replacements for each device
having an individual coefficient, Kp, outside the +5%
range, with a limit of four additional devices. Failure to
meetthisrequirementshall be cause to refuse certification
of that particular device design. The average of the coeffi-
cients, Kp, of the nine tests required shall be multiplied by
0.90, and this product shall be taken as the coefficient, K, of
that design. The coefficient of the design shall not be
greater than 0.878 (the product of 0.9 x 0.975).

9.7.6.6 The coefficient shallnotbe applied to devices
whose beta ratio (ratio of dévice bore to inlet diameter)
lies outside the range of 0.15 to 0.75, unless tests have
demonstrated that thedndividual coefficient of discharge,
Kp, for devices at thetextreme ends of a larger range is
within +5% of the average coefficient, Kp.

9.7.6.7 For designs where the lift is used to determine
the flow area,all valves shall have the same nominal lift to
seat diameter ratio, L/D.

9.:7.6.8 For direct spring-loaded valves, the results
may be extrapolated to valves with set pressures
higher than the highest set pressure used in the capacity
certification tests, provided the spring in the valve with
the higher set pressure meets the requirements of 3.2.5.

moving parts are scaled with the corresponding dimen-
sions of the valves used in the capacity certification
testing.

9.7.6.10 The coefficient shall not be applied to direct
spring-loaded valves with springs that do not meet the
requirements of 3.2.5.

9.7.6.11 Therated relieving capacity of all sizes aridset
pressures of a given design for which K has beényestab-
lished under the provision of 9.7.6 shall be detésmined by
the following equation:

WR < WT X K
where
K = coefficient of discharge-for the design
Wr = rated relieving capaeity, kg/h (Ibm/hr)
Wr = theoretical reliewing capacity, defined by the

same equatien-as used to determine Kp, kg/h
(Ibm/hr)

9.7.7 Flow Resistance Method

The certified flow resistance, Ky, of the non-reclosing
pressure-relief device (Parts 4 and 5) shall be either
2.4ver”as determined in accordance with 9.7.7.1
thtough 9.7.7.9.

9.7.7.1 Testfluids for flow resistance certification tests
shall be as follows:

(a) Non-reclosing pressure relief devices for air or gas
service shall be activated and flow tested with air or gas to
determine flow resistance, Kgg.

(b) Non-reclosing pressure relief devices for liquid
service shall be activated with water and flow tested
with air or gas to determine flow resistance, Kg;.

(c) The flow resistance of non-reclosing pressure relief
devices for air or gas and liquid service, Kzs;, may be certi-
fied with air or gas as in (a) and (b), but at least one device
of the number required under 9.7.7.6 for each size of each
series shall be activated with water and flow tested with
air or gas to demonstrate the liquid service flow resis-
tance.

9.7.7.2 Flow resistance certification tests shall be
conducted at an inlet pressure that does not exceed
110% of the device set pressure.

9.7.7.3 The flow resistance for devices tested with
non-pressure-containing items, such as seals, support
rings, and vacuum supports, is applicable to the same
device design without seals, support rings, or vacuum
supports.

9.7.7.4 Achange in material for rupture disks and their

(25)

—9.7.6.9For pressure retief valves, the tesutts may be

extrapolated to valves larger or smaller than the valves
used in the capacity certification tests, provided all dimen-
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non-pressure-containing disk items, such as seals, support
rings, and vacuum supports, is not considered a design
change and does not require retesting.
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9.7.7.5 Additional linings, coatings, or platings may be
used for the same design of devices, provided the

device for which the individual flow resistance falls
outside of this band shall be replaced on a two-for-one

following conditions are met:

(a) The Certificate Holder has performed a verification
test with the additional linings, coatings, or platings and
has documented that the addition of these materials does
not affect the device opening configuration.

(b) The verification test described in (a) shall be
conducted with devices of the smallest size and
minimum set pressure for which the certified flow resis-
tance with additional materials is to be used.

9.7.7.6 Flow resistance certification shall be deter-
mined by one of the following methods:
(a) One-Size Method

(1) For each non-reclosing pressure relief device
design, three activation components from the same lot
shall be individually activated and the device tested in
accordance with 9.7.7.7. The set pressure shall be the
minimum for the pressure to be certified.

(2) The certified flow resistance, Kz, determined in
9.7.7.7 shall apply only to the non-reclosing pressure relief
device design of the size tested.

(3) If additional activation components of the same
design are constructed at a later date, the test results on
the original components may be included, as applicable, in
the three-size method described in (b).

(b) Three-Size Method

(1) The three-size method of flow resistance certifi-
cation may be used for a non-reclosing pressure peljef
device design of three or more sizes.

(2) For each of the three sizes of the nonsreclosing
pressure relief device design being tested, thréé-activation
components from the same lot shall be activated and the
device flow tested in accordance with 9.7:<7;7. For each size
tested, the set pressure shall be the minimum pressure to
be certified.

(3) The certified flow resistance, Kg, shall apply to all
sizes and pressures of the non-reclosing pressure relief
device design tested.

9.7.7.7 A certified'flow resistance, Kz, may be estab-
lished for a specific non-reclosing pressure relief device
design according to the following procedure:

(a) For each-design, the non-reclosing pressure relief
device Manufacturer shall submit for test the required
deviceS i accordance with 9.7.7.6, together with the
cross_section drawings showing the device design.

(b) Tests shall be made on each device to determine its
Set pressure and flow resistance at a facility that meets the
requirements of 9.1.2.

(c) An average flow resistance shall be calculated from
the individual flow resistances determined in (b). All in-
dividual flow resistances shall fall within the average flow
resistance hy an acceptance hand of +3 times the average

basis. A new average flow resistance shall be computed
and the individual flow resistances evaluated as stated
above.

(d) The certified flow resistance, Kg, for anon-reclosing
pressure relief device design shall be not less than zero
and shall be not less than the sum of the average flow
resistance plus 3 times the average of the absolute
values of the deviations of individual flow reSistances
from the average flow resistance. The certified,flow resis-
tance, Ky, for anon-reclosing pressure relief device design

(1) shall not be less than zero

(2) shall notbe less than the suir of the average flow
resistance plus 3 times the average ‘of the absolute values
of the deviations of individualflew resistances from the
average flow resistance

(3) shall not be legs than 110% of the highest
measured individual flow- resistance

9.7.7.8 After conipletion of the flow resistance testing
in 9.7.7.7, a minimum net flow area evaluation shall be
conductedsto verify the measured flow capacity meets
or exceéds the rated flow capacity calculated for the
simplésystem method in 4.1.3.2(a). Devices shall be acti-
vated using the appropriate media per 9.7.7.1 based on
their flow resistance certification, Kpg, Kgy, or Kgrgy-

(a) The test arrangement shall meet the following re-
quirements:

(1) The nominal diameters of the inlet and discharge
piping is equal to or greater than the marked DN (NPS)
designator of the device.

(2) The rupture disk device is installed eight pipe
diameters from the vessel nozzle entry.

(3) The discharge piping downstream of the rupture
disk device is five pipe diameters in length.

(4) The discharge piping vents directly to the atmo-
sphere.

(b) The test fluid for flow capacity test shall be air or
gas.

(c) The flow capacity shall be measured at a flow rating
pressure that does not exceed the maximum pressure for
capacity certification test from Table 9.7.2-1 based on the
measured burst pressure established during activation
testing in 9.7.7.1.

(d) The rated flow capacity of the simple system shall
be determined in accordance with 4.1.3.2(a) using the
specified minimum net flow area and relieving pressure
equal to the actual flow rating pressure corresponding to
the measured flow capacity established in (c).

(e) The specified minimum net flow area shall be ac-
ceptable if the measured flow meets or exceeds the rated
flow capacity calculated for the simple system. If the
measured flow capacity is less than the rated flow capacity

of the absolute values of the deviations of the individual
flow resistances from the average flow resistance. Any
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calculated for the simple system, the measured [low ca-
pacity shall be used with the applicable theoretical flow
equation from 9.7.6.4 multiplied by 0.62 coefficient of
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discharge and the actual flow rating pressure corre- 9.9 CAPACITY CERTIFICATION OF SECTION Il
sponding to the measured flow capacity established in (NV-DESIGNATED) PRESSURE RELIEF VALVES

(c) to establish the minimum net flow area for the
rupture disk device.

(f) For air or gas and liquid service devices, Krg;, the
requirements of (e) shall be met for the device activated
using air or gas and the device activated using liquid. If
calculation of the minimum net flow area based on
measured flow capacity is performed, the minimum
net flow area shall be the lesser of the values determined
for the air- or gas-activated and liquid-activated devices.

The following paragraphs are revisions or additions to
the requirements in 9.1 through 9.8 that apply only for
Section III (NV Designator) pressure relief valves:

(a) Capacity Certification. Capacity certification
obtained in compliance with other Designators which
comply with all requirements of the NV Designator are
qualified for capacity certification under the NV Desig-
nator. Capacity certification obtained under theseréquire-
ments for one specific Class under the NV Designator

9.7.7.9 Flow resistance and minimum net flow area which comply with all requirements of other classes
capacity test data reports for each non-reclosing pressure  ypder the NV Designator are qualified fér’capacity certi-
relief device design, signed by the Manufacturer and the fication under these rules for those,other Classes.

Authorized Observer witnessing the tests, shall be (b) Demonstration-of-Function Fest-For each design, a
submitted to the ASME Designated Organization for  demonstration-of-function test-program as required by
review and acceptance. 9.9.4 shall be performed.
(c) Proration of Capacity
5) 9.8 ALTERNATIVE METHODS FOR VALVES, PIN (1) The capacity of apressure reliefvalve applied to a

DEVICES, AND SPRING-ACTUATED NON- system may be prorated to an overpressure greater than

RECLOSING PRESSURE RELIEF DEVICES the overpressure for-which the valve design is certified.

EXCEEDING THE LABORATORY CAPABILITIES This overpresstre shall be within the allowable limits of

the system,

(a) Ifthe design of the valve, pin device, or spring-actu- (2) Prorated capacity shall be determined by one of
ated non-reclosing pressure relief device exceeds the lab- the following, depending on the method used for the initial
oratory pressure capability, the method in 9.7.5, 9.7.6, or capacity certification:

9.7.7 shall be followed with the following exceptions: (-a) The prorated capacity shall be 90% of the

(1) Valves shall be tested with their disks fixed at the average slope determined in 9.7.5 multiplied by the
minimum design lift to establish the rated capacity. prorated relieving pressure, kPa abs (psia).

(2) Pin devices or spring-actuated non-reclosing (-b) The prorated capacity shall be calculated
pressure relief devices shall be tested with their disks using the appropriate equation from 9.7.6, where P is
fixed at the minimum design lift or in the fully opéh-posi-  the prorated relieving pressure, kPa abs (psia), multiplied
tion to establish rated capacity. by the coefficient K.

(b) Ifthe design of the valve, pin device, or'spring-actu-
ated non-reclosing pressure relief device exceeds the lab- 9.9.1 Certification Set Pressures of 20 kPa (3 psig)
oratory size or capacity capability, 9.A5, 9.7.6, or 9.7.7 Up to but Not Including 100 kPa (15 psig)
shall be followed except that flow models of three different

sizes, each tested at three different pressures, shall be : ‘ .
used in place of the valves, pin dévices, or spring-actuated ~ Pressures of 20 kPa gage (3 psig) up to but not including

non-reclosing pressure relief devices required in 9.7.5, ~ 100 kPa gage (15 psig) shall be conducted in accordance
9.7.6.1. 9.7.6.2. 9.7.6.3: oF 9.7.7.6. Such flow models with the requirements of 9.7.3, 9.7.5, 9.7.6, or 9.9.3 modi-

fied as follows:

(a) The capacity shall be determined at no more than
13.8 kPa (2 psi) above the actual set pressure.

(b) Valves set below 100 kPa gage (15 psig) and having
adjustable blowdown construction shall be adjusted prior
to capacity certification testing so that the blowdown shall

(¢)In the case of either (a) or (b), the valve, pin device, ~ N0t be greater than 20 kPa (3 psi) nor less than
of sSpring-actuated non-reclosing pressure relief device % kPa (0.5 psi).
design (i.e., parameters such as spring properties, seat 9.9.1.1 Design Certification by the Four-Device
geometry, internal flow configuration in the fully open Method
position, and mechanical valve lift) shall be evaluated
to ensure that production valves, pin devices, or
Spring-actuated non-reclosing pressure relier devices
will achieve design lift or complete opening as
modeled above.

Capacity certification tests for air or gas service with set

shall be sized consistént with the capabilities of the
accepted test laboratory where the test will be conducted,
and shall accurately model those features that affect flow
capacity, such.as orifice size, valve lift, and internal flow
configuration. The test models need not be functional but
shall bégeometrically similar to the final product.

(a) For air and gas service Valves w1th set pressures of

(15 p51g) that are belng certlfled by the four dev1ce
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method (see 9.7.5), slope is defined as the measured ca-
pacity divided by the following quantity:

[P(P ~p) r/ ’
Q = 279,000 FA| ——
MT.

(25)

1/2
He(e - B)]
where
k-1
_( k
F= ( k )(rz/k) 1-(r)
k-1 1-r
k = ratio of specific heats, ¢,/c,
P = inlet pressure, kPa (psi)
P, = discharge pressure, kPa (psi)
r = pressure ratio, P,/P

(b) If any of the experimentally determined slopes fall
outside of a range of +5% of the average slope, the unac-
ceptable valves shall be replaced by two valves of the same
size and set pressure. Following the test of these valves, a
new average slope shall be determined, excluding the
replaced valve test results. If any individual slope is
now outside of the +5% range, then the tests shall be
considered unsatisfactory and shall be cause for the
ASME Designated Organization to refuse certification of
the particular valve design.

(c) The certified slope shall be 90% of the average
slope.

(d) The certified capacity shall be the certified slope

multiplied by the quantity F[P(P — Po)]l/z.

9.9.1.2 Design Certification by the Coefficient of
Discharge Method

(a) For air and gas service valves with setpressures of
20 kPa gage (3 psig) up to but not including 100 kPa gage
(15 psig) that are being certified by*the coefficient of
discharge method as required\by 9.7.6, one of the
following equations shall be uséd for other than saturated
steam flow:

(SI Units)
1/2
MP(P - P,
WS=\5S5.8 FA M
mp(p — b7
Q = 1320FA| ———%
(U.S. Customary Units)
1/2

MP(P — P,
W=735FAM

|8 g

A = flow area, mm? (in.%)

k—1
F = (L)(ﬂ/k) ﬂ or is obtained from
k-1 1—r
Figure 9.9.1.2-1
k = ratio of specific heats, ¢,/c,
M = molecular weight
P = inlet pressure, MPa (psi)
P, = discharge pressure, MPa {p5i)

= m3/hrat 101 kPa and 20°C (ft*>/hr at 14.7 psi and
60°F)
r = pressure ratio, R,/P
T = temperature, K\(°R)
W = kg/hr (Ib/hx)

(b) The average of the coefficients of discharge, Kp, of
the tests réquired shall be multiplied by 0.90 and their
productshall be the coefficient K of that design. The coef-
ficient.of the design shall not be greater than 0.878 (the
product of 0.90 x 0.975).

9.9.2 Vacuum Pressure Relief Valves

(a) Capacity tests may be conducted by pressurizing
the valve instead of using a vacuum, provided the
following conditions are met:

(1) Inlet conditions of the valve (not the vessel) are
known.

(2) The inlet pressure is not greater than 35 kPa
(5 psi).

(3) The direction of flow through the valve is the
same on pressure as is experienced on vacuum.

(b) Testsshallbe conducted attwice the set pressure or
7 kPa (1 psi), whichever is greater.

9.9.2.1 Vacuum Valve Design Certification by the
Four-Device Method. Four valves of each combination
of pipe size and orifice size shall be tested. These four
valves shall be set at pressures that cover the appropriate
range of pressures for which the valves are to be used or
set within the range of the test facility. The slope of each
test shall be calculated and averaged, where slope is
defined as the measured capacity divided by the quantity

Hee - p)]"?

where

k=1
k

SRSTHN s
N

k = ratio of specific heats, ¢,/c,
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Figure 9.9.1.2-1
Values of F for Nonchoking Flow
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P = inlet pressure
P, = discharge pressure
r = pressure ratio, P,/P

If any of the experimentally determined slopes fall
outside of a range of +5% of the average slope, the unac-
ceptable valves shall be replaced by two valves of the same
size and set pressure. Followihg the test of these valves, a
new average slope shall be’ determined, excluding the
replaced valve test results. If any individual slope is
now outside of the 5% range, then the tests shall be
considered unsatisfactory and shall be cause for the
ASME Designated Organization to refuse certification of
the particulap valve design.

The céxtified capacity shall be 90% of the average slope
multiplied by the quantity F[P(P — P,){"/2.

9.9.2.2 Vacuum Valve Design Certification by the
Coefficient of Discharge Method. A coefficient, K, may
be established for a specific vacuum relief valve design
inaccordance with 9.7.6, except the equations in this para-

ogranh shall he used
[=) ) ul

For each design, three valves of three different sizes, a
total of nine valves, shall be tested. Each valve of a given
size shall be set at a different pressure. Tests shall be made
on each relief valve to determine its lift, opening and
closing pressures, and actual capacity. A coefficient of
discharge, Kp, shall be established for each run, as follows:

actual flow

Kp = = coefficient of discharge

theoretical flow

where actual flow is determined quantitatively by test, and
theoretical flow is calculated from the appropriate equa-
tion for the test fluid. The following equation may be used
for other than saturated steam flow:

(SI Units)

1/2

MP(P — P
W=5wﬁ+—i——ﬁ

) 1/2
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(U.S. Customary Units)

r /2

(c) The function of each design to be certified by flow
model testing shall be demonstrated by test.

MP(P—F,
w = 73 FA{MJ

pp-p)|"
Q = 279,000 FA| ———%
MT
where
A = flow area, mm? (in.%)
ﬂ
F = (L)(ﬂ/k) ﬂ or is obtained from
k-1 1—r
9.9.1
k = ratio of specific heats, c,/c,
M = molecular weight
P = inlet pressure, MPa (psi)
P, = discharge pressure, MPa (psi)
Q = m>/hr at 0.101 MPa and 15°C (ft*/hr at 14.7 psi
and 60°F)
r = pressure ratio, P,/P
T = temperature, K (°R)
W = kg/hr (Ib/hr)

The average of the coefficients of discharge, Kp, of the tests
required shall be multiplied by 0.90, and their prodaet
shall be the coefficient K of that design. The coefficient
of the design shall not be greater than 0.878 (the
product of 0.9 x 0.975).

9.9.3 Flow Model Testing of Valve.Capacity in
Excess of Test Facility Limits

(a) For valve designs with a single orifice size whose
capacity exceeds the capacity limits of the test facility, the
certified capacity may be based on a flow coefficient, K,
determined from blocked(open flow tests with the valve
disk fixed at the minim{untdesign value. Four tests shall be
performed at four different pressures as outlined in 9.7.5
or 9.9.1.1.

(b) Whentestfacility limitations make it impossible to
perform capacity tests of the full-scale pressure relief
valves,alternative methods in 9.8(b) and 9.8(c) may be
used:

The'relieving capacity of valve designs certified by use
of-flow models shall be established by the coefficient of
discharge method similar to that outlined in 9.7.6 or
9.9.1.2, with each flow model being flow tested at
three different pressures.

The orifice area for flow models shall be such that for
designs where choked-flow conditions are expected, the

9.9.4 Demonstration of Function

(a) General. For Section III (NV Designator) pressure
relief valves, demonstration-of-function tests shall bé
conducted. Such tests may be performed in conjunctioh
with the capacity certification tests outlined in 9.9-0r"as
separate tests using production valves.

(b) Number of Valves to Be Tested

(1) For a design being certified including one single
valve (see 9.7.3), that valve shall be tested:\lftwo valves are
being constructed, two valves of thé specific inlet size,
orifice size, and design shall be te§ted. Should additional
valves of the same design be constructed atalater date, the
results of the tests on the original valve or valves may be
included, as applicable.

(2) For a design being certified by the three-device
method (see 9.7.4),three sample valves shall be tested.

(3) For a design being certified by the four-valve
method (see 9.7)5), three sample valves, each set at a
different set pressure, shall be tested.

(4) ora design being certified by the coefficient of
dischdrge method (see 9.7.6), the function of three valves
in three different sizes shall be demonstrated by test.

{¢) TestLocation and Class-Specific Methods. These tests
shall be conducted at a place where the testing facilities,
methods, and procedures provide for sufficient testing ca-
pacity and range of fluid properties so that the testing
requirements of this paragraph are met. The tests shall
be performed to the satisfaction of a representative
from an ASME Designated Organization and shall show
that the valves will open at set pressure within the
required opening-pressure tolerance, will achieve full
lift, and will reclose within required blowdown specifica-
tion.

(1) Class 1 Construction. For Class 1 construction, the
following additional requirements apply:

(-a) The three valves selected shall envelop the
largest and smallest combination of inlet size and
orifice size of the specific design.

(-b) The NV Certificate Holder shall specify the
range of pressures, temperatures, and other fluid condi-
tions for which the valves are to be tested. The range shall
be sufficient to cover all expected operating fluid condi-
tions. Additionally, tests shall include the range of inlet
pressure losses and discharge back pressure conditions
for which the valves are expected to be used.

(2) Class 2 and Class 3 Construction. If required due to
test facility limitations, these tests may be conducted at
reduced-flow capabilities. Measurement of valve blow-
down may not be possible.

(d) Data Report Form. The NV Certificate Holder shall

model flow area shall ensure that choked flow in the model
is attained.
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document in the “Remarks  Section of the Data Report
Form NV-1 (see Section IIl Appendices, Mandatory Appen-
dix V) that the requirements of 9.9.4 have been met.
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PART 10
AUTHORIZATION TO USE THE ASME CERTIFICATION MARK

5) 10.1 CERTIFICATION MARK

Each pressure relief device to which the Certification
Mark and appropriate Designator (see Figure 10.1-1)
will be applied shall be fabricated or assembled by a Manu-
facturer or Assembler, as applicable, holding a valid Certi-
ficate of Authorization, and capacity or flow resistance
certified in accordance with the requirements of ASME
CA-1 and this Section.

10.2 CERTIFICATES OF AUTHORIZATION

(a) A Certificate of Authorization to use the Certifica-
tion Mark and HV, UV, UD, UV3, UD3, TV, or TD Designator
will be granted by the Society in accordance with the
provisions of ASME CA-1. Stamps for applying the Certi-
fication Mark shall be obtained from the Society.

(b) Any organization desiring a Certificate of Author-
ization shall apply to ASME in accordance with the certi-
fication process of ASME CA-1. Authorization to use
Certification Marks may be granted, renewed, suspended;
or withdrawn as specified in ASME CA-1.

10.3 DESIGNATED OVERSIGHT

The Manufacturer or Assembler shall comply with the
requirements of ASME CA-1 for Designated Oversight by
use of a Certified Individual (CI).

10.4 QUALITY MANAGEMENT SYSTEM

Any Manufacturer or Assembler holding or applying for
a Certificate of Authorization shall demonstrate a quality
management systemthat meets the requirements of ASME
CA-1 and establishes) that all ASME BPVC requirements,
including material, design, manufacture, and examination,
will be met.-Thé quality management system shall be in
accordance/with the requirements of Mandatory
Appendix/Ill. Certificates of Authorization shall be
endorsed to indicate the scope of activity authorized.

10.5 EVALUATION OF THE QUALITY
MANAGEMENT SYSTEM

(a) The issuance or renewal of a Certificate of Author-

(b) Before issuance or renewal of a Certificate of
Authorization for use of the Designator, the pressure
relief device Manufacturer’s or Assembler’s facilities
and organization are subject to a review<by a represen-
tative from an ASME Designated Organhization.

(c) Certificates of Authorization‘arevalid for the period
given in ASME CA-1.

(d) Any changes made to the quality management
system shall be made and aceepted in accordance with
the requirements specified in ASME CA-1.

10.6 CERTIFIED.INDIVIDUAL (CI)

(a) General/A CI meeting the requirements of ASME
QAI-1 shall, provide oversight to ensure that each
use of the\Certification Mark and appropriate Designator
on a.pressure relief device is in accordance with the re-
quirements of this Section, and that each use of the Certi-
fication Mark and appropriate Designator is documented
on the appropriate Certificate of Conformance, as
indicated in the table below. (See Nonmandatory
Appendix C for Forms.)

Certification Certificate of
Mark Conformance
Designator Form
HV HV-1
uv Uv-1
uD UD-1
uv3 K-4
UD3 K-5
TV TV-1
TD TD-1

(b) Requirements for the CI. The CI shall
(1) be qualified and certified by the Certificate
Holder. Qualifications shall include the following as a
minimum:

(-a) knowledge of the requirements of this Section
for the application of the Certification Mark with applica-
ble Designator

(-b) knowledge of the Certificate Holder’s Quality
Management System

(-c) training commensurate with the scope,

(25)
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quality management system and shall be in accordance
with ASME CA-1.
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complexity, or special nature of the activities for which
the CI will provide oversight
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Figure 10.1-1
ASME Certification Mark With Designator

(c) Duties of the Certified Individual. The CI shall
(1) verify that each item to which the Certification

\

> ASME Single Certification Mark

/

Designator [Note (1)]

NOTE: (1) The appropriate Certification Mark Designator shall be
placed beneath the Certification Mark.

(2) comply with the National Board “Rules for Certi-
fied Individuals” and hold a valid National Board Certifi-
cation for the specific ASME BPVC Section activities the CI
undertakes

(3) have a record maintained by the Certificate
Holder containing objective evidence of the qualifications
of the CI and the training provided

(4) have sufficient and well-defined responsibility,
authority, and organizational freedom to perform the
duties in (c)

Mark is applied meets all the applicable requirements
ofthis Section and has a current capacity or flow resistance
certification for the applicable Designator

(2) review the documentation to verify that require:
ments of this Section have been completed for each item o
which the Certification Mark is applied

(3) sign the appropriate Certificate of Conformance
form prior to release of control of the item or (itéms

10.7 CERTIFICATE OF CONFORMANCE

(a) The appropriate Certificate_6f Conformance [see
10.6(a)] shall be filled out by the Manufacturer or Assem-
bler and signed by the CI. Multiple’pressure relief devices
may be recorded as a single entry, provided the devices are
identical and are released:from the CI's control at the same
time.

(b) The Manufacturer’s or Assembler’s written quality
management system shall include requirements for
completion and-retention of the appropriate Certificate
of Conformance form.

(25)
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PART 11
REQUIREMENTS FOR OPEN FLOW PATHS OR VENTS

11.1 APPLICABILITY

Flow paths or vents that open directly or indirectly to
the atmosphere may be used as the sole pressure-relieving
device as permitted by the referencing Code or Standard.

50
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PART 12
INSTALLATION

12.1 APPLICABILITY

Pressure relief devices shall be installed in accordance
with the equipment’s code or standard unless the code or
standard has also adopted by reference specific require-
ments of Part 12. For installation requirements not
addressed by the code or standard, the guidance in
this Part may be used.

12.2 GENERAL

(a) Pressure relief devices shall be installed to mini-
mize the possibility that they will be damaged or other-
wise rendered inoperable during expected operating and
relieving conditions.

(b) The pressure relief devices on all pressurized
equipment shall be so installed that their proper func-
tioning will not be hindered by the nature of the pressur-
ized equipment’s contents.

(c) The selection of the pressure relief device or_the
installation design shall not allow accumulation of rain-
water, snow, ice, or debris in the discharge system.

(d) Materials of construction for the relief system shall
be selected to minimize deterioration from, exposure to
the ambient atmosphere and system contents.

12.3 LOCATION

(a) Pressurerelief devices shall be selected and located
based on normal operation.and potential overpressure
scenarios. Each installation’ shall meet the overpressure
limits of the referencing Code or Standard.

(1) Normally, pressure relief devices for relief of
compressible fluids should be connected to the vapor
space aboverany’contained liquid or to piping connected
to the vapor.Space, and pressure relief devices for liquid
should’be-connected below the liquid level.

(2) Alternate connections may be used depending on
thelselected device and the overpressure scenarios.

(b) Consideration should be given to pressure relief
device proximity to the protected equipment or system
to ensure pressure during a relief event remains below
the maximum allowed relief pressure.

(c) The relief device should be installed in the cleanest

conditions that would adversely affect the operability of
the relief device.
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(d) Consideration should be given to the pressurized
equipment internals and possible obstructions to the
relief path.

(e) Pressure relief device testing,"inspection, replace-
ment, and repair should be a desigh.consideration for the
pressure relief system, including/the location of compo-
nents such as the pressurecelief devices, stop valves, tell-
tales and pressure gages.

12.4 RUPTURE-DISK INSTALLATION

For rupture\disks that are marked with only a lot
number ind@ccordance with 4.7.1: Following the installa-
tion of the’disk, the metal tag shall be sealed to the installa-
tion ifva manner that will prevent removal of the disk
without breaking the seal. The seal shall identify the orga-
nizdtion responsible for performing the installation.

12.5 INLET PIPING SYSTEM

(a) The Designer shall consider the effects of the pres-
sure drop during venting in the pressure relief system
piping when specifying the set pressures and flow capac-
ities of pressure relief valves and non-reclosing devices.

(b) The pressure drop through the upstream system to
the pressure relief valve shall not reduce the relieving ca-
pacity below that required to prevent the pressure from
exceeding its maximum allowed relief pressure or
adversely affect the proper operation, including stability,
of the pressure relief valve.

(c) The opening through all equipment nozzles, pipe,
fittings, and non-reclosing pressure relief devices (if
installed) between the pressurized equipment and its
pressure relief valve shall have an area at least equal
to the pressure relief valve inlet area.

(d) The design of the inlet line and connection to the
pressurized equipment should consider stresses caused
by discharge reactive forces and static loads from the
relief device.

12.6 MOUNTING OF TWO OR MORE REQUIRED
DEVICES

(a) Whentwo or morereliefdevices are installed on the

drop through the upstream system while all devices are
relieving shall not reduce the relieving capacity below that

portion of the process to avoid plugging, fouling, or other same line to the equipment heing pratected, the pressure
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required to prevent the pressure from exceeding its
maximum allowed relief pressure.

the pressure relief device, and such lines shall lead to
a safe place of discharge.

(b) If one or more pressure relief valves are used, the
upstream system shall not adversely affect the proper
operation, including stability.

(c) For pressure relief valves, consideration should be
given to staggering the set pressures to improve valve sta-
bility during operation.

12.7 ORIENTATION OF PRESSURE RELIEF VALVES

Spring-loaded pressure relief valves should be installed
in the upright position with the spindle vertical.

12.8 DISCHARGE PIPING SYSTEM

(a) The size of the discharge lines shall be such thatany
pressure that may exist or develop will not reduce the
relieving capacity of the pressure relief devices below
that required to properly protect the pressurized equip-
ment, or adversely affect the proper operation of the pres-
sure relief devices.

(b) The design of the discharge system and associated
supports should consider stresses caused by discharge
reactive forces and static loads on the relief device.

(c) Discharge lines from pressure relief devices shall be
designed to facilitate drainage or fitted with drains to
prevent liquid from lodging in the discharge side of

(d) When multiple pressure relief devices can
discharge through a common stack or vent path, the
maximum back pressure that can exist at the exit of
each pressure relief device during simultaneous releases
shall not impair its operation or limit its capacity below
that required to simultaneously protect each pressurized,
equipment.

12.9 STOP VALVES

See Nonmandatory Appendix B for guidarice-on the use
of stop valves in pressure-relieving systems.

12.10 BONNET VENTING

The bonnet of the pressure‘relief valves in 3.2.3 and
3.2.10 shall be configured in ‘0ne of the following ways:

(a) vented to atmosphere

(b) piped to a locatien that maintains atmospheric
pressure

(c) piped to alocation that is not at atmospheric pres-
sure providedthe user has consulted the device Manufac-
turer to emsuré that the pressure in the bonnet does not
interfere ‘Wwith the proper operation of the valve

(25)
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PART 13
RULES FOR OVERPRESSURE PROTECTION BY SYSTEM DESIGN

13.1 GENERAL

(a) The rules of this Part are applicable only when
specified by the referencing Code or Standard.

(b) Pressurized equipment may be provided with over-
pressure protection by system design in lieu of a pressure
relief device or pressure relief devices if all provisions of
this Part and the referencing Code or Standard are satis-
fied.

13.2 PRESSURIZED EQUIPMENT FOR WHICH THE
PRESSURE IS SELF-LIMITING

The decision to limit the pressure by system design is
the responsibility of the user. Pressurized equipment does
not require a pressure relief device if the pressure is self-
limiting (e.g., the maximum discharge pressure of a pump
or compressor), this pressure is less than or equal to the
maximum allowable working pressure (MAWP) of the
pressurized equipment at the coincident temperaturg,
and the following conditions are met:

(a) Theusershall conductadetailed analysis te.identify
and examine all potential overpressure scenarios. The
“Causes of Overpressure” described in API Standard
521 [see Table 1.4-1, Note (1)] shalkhe considered.
Other standards or recommended practices that are
more appropriate to the specific.application may also
be considered. A multidisciplinary team experienced in
methods such as hazards ‘and operability analysis
(HazOp); failure modes, effects, and criticality analysis
(FMECA); “what-if” analysis; or other equivalent metho-
dology shall establish that there are no sources of pressure
that can exceed the' MAWP at the coincident temperature.

(b) The results of the analysis shall be documented and
signed by the)individual in responsible charge of the
management of the operation of the pressurized equip-
ment. This documentation shall include the following,
as a'minimum:

(1) detailed process flow diagrams (PFDs) and
piping and instrument flow diagrams (P&IDs) showing
all pertinent elements of the system associated with
the pressurized equipment

(2) adescription ofall operating and upset scenarios,
including scenarios involving fire and those that result

(3) an analysis showing the maximum-¢éoincident
pressure and temperature that can result from each of
the scenarios listed in (2) do not exceed the MAWP at
that temperature

13.3 PRESSURIZED EQUIPMENT FOR WHICH THE
PRESSURE IS NOT-SELF-LIMITING

If the pressure is not'self-limiting, pressurized equip-
ment may be protécted from overpressure by system
design or by a_combination of overpressure by system
design and pressure relief devices, if the following condi-
tions are mét. The rules below are notintended to allow for
normal eperation above the MAWP at the coincident
temperature.

(@) The pressurized equipment is not exclusively in air,
water, or steam service except where any of the following
apply:

(1) These services are critical to preventing the
release of fluids that may result in safety or environmental
concerns.

(2) Failure or premature opening of the pressure
relief device would result in an unacceptably high prob-
ability of failure or damage to the pressurized equipment
or other equipment in the system.

(3) Failure or premature opening of the pressure
relief device would result in significant operational
upset(s).

(b) The decision to limit the overpressure by system
design is the responsibility of the user. If no pressure
relief device is to be installed, acceptance of the jurisdic-
tion may be required.

(c) Theusershall conducta detailed analysis to identify
and examine all scenarios that could result in an overpres-
sure condition and magnitude of the overpressure. The
“Causes of Overpressure” as described in API Standard
521 [see Table 1.4-1, Note (1)] shall be considered.
Other standards or recommended practices that are
more appropriate to the specific application may also
be considered. A multidisciplinary team experienced in
methods such as hazards and operability analysis
(HazOp); failure modes, effects, and criticality analysis
(FMECA); “what-if” analysis; or other equivalent metho-
dology shall conduct the analysis.

(25)

£ & . 4 1£ e q "
ITUHTUPCIAlUTL TIT UL, TYUIPIICHU HHIAITUIICUULLS, dHITU TSt U=

mentation malfunctions

53



https://asmenormdoc.com/api2/?name=ASME BPVC.XIII (ASME BPVC Section 13) 2025.pdf

ASME BPVCXIII-2025

(d) The overpressure scenario shall be readily
apparent so that operators or protective instrumentation

ment. This documentation shall include the following,
as a minimum:

will take corrective action to prevent operation above the
MAWP at the coincident temperature.

(e) There shall be no credible overpressure scenario in
which the pressure exceeds that specified by the referen-
cing Standard for vessels with overpressure protection by
system design where the pressure is not self-limiting at or
below the vessel MAWP. For example, Section VIII, Divi-
sion 1 specifies 116% of the MAWP times the ratio of the
allowable stress value at the temperature of the overpres-
sure scenario to the allowable stress value at the design
temperature. The overpressure limit shall not exceed the
vessel test pressure. Credible events or scenario analysis
as described in WRC Bulletin 498 shall be considered.

(f) The results of the analysis shall be documented and
signed by the individual in responsible charge of the
management of the operation of the pressurized equip-

(1) detailed process flow diagrams (PFDs) and
piping and instrument flow diagrams (P&IDs) showing
all pertinent elements of the system associated with
the pressurized equipment

(2) adescription ofall operating and upset scenarios,
including those involving fire and those that result from,
operator error, and equipment and/or instrumentation
malfunctions

(3) a detailed description of any safety-critical in-
strumentation used to limit the system pressufé including
the identification of all truly independent-redundancies
and a reliability evaluation (qualitative or quantitative)
of the overall safety system

(4) an analysis showing the maximum pressure that
can result from each of the scénarios described in (2)
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MANDATORY APPENDIX I
DEFINITIONS

I-1 INTRODUCTION

This Appendix contains definitions of terms generally
used in this Section. These terms define pressure relief
devices and their functional and operational characteris-
tics and standardize the terminology covering such
devices, their characteristics, and testing methods.
These definitions and terms shall take precedence
should there be any discrepancy with the referenced
material for the construction of pressure relief devices.

I1-2 DEFINITIONS OF TERMS

40-cc pressure: the value of increasing inlet static pressure
of a pressure relief valve at which the discharge of water is
measured at 40 cm?/min.

adjusting ring: a ring used to control the opening charac-
teristics or the reseat pressure, or both, of a direct spring-
loaded valve.

adjustment screw: a screw used to adjust the set pressure
or the reseat pressure of areclosing pressure reliefdevice.

Assembler: an organization that holds an ASME €ertificate
of Authorization to apply the Certification. Mark and is
responsible for assembly, adjustment, testing, sealing,
and shipping of pressure relief devices certified under
this Section.

ASME Designated Organization; an entity appointed by
ASME to perform an administrative activity in accordance
with an applicable code, or standard. (ASME CA-1)

ASME Designee: an ifidividual authorized by ASME to
perform administrative functions on its behalf. (ASME
CA-1)

back pressurne: the pressure existing at the outlet of a pres-
sure relief'device due to pressure in the discharge system.
Back pressure includes built-up back pressure and super-
imposed back pressure.

built-up back pressure: pressure existing at the outlet of
4 pressure relief device caused by the flow through that
device into a discharge system.

superimposed back pressure: the static pressure existing
at the outlet of a pressure relief device at the time the
device is required to operate. It is the result of pressure
in the discharge system from other sources

backflow preventer: a part or feature of a pilet‘operated
pressure relief valve used to prevent/the valve from
opening and flowing backward when\the pressure at
the valve outlet is greater than-the pressure at the
valve inlet.

bellows: a flexible pressurescontaining component of a
valve used to isolate the)valve’s bonnet from the
valve’s discharge or to\prevent changes in set pressure
when the valve is subjected to a superimposed back pres-
sure or to preventcerrosion between the disk holder and
guide.

bench testing: testing of a pressure relief device on a test
stand using an external pressure source with or without
an aukiliary lift device to determine some or all its oper-
atifig\characteristics.

blowdown: the difference between measured set pressure
ofapressure reliefvalve and measured reseating pressure
after having been subjected to a pressure equal to or
greater than the set pressure. Blowdown is usually
expressed as a percentage of set pressure or in pressure
units.

dynamic blowdown: the difference between the set pres-
sure and reseating pressure of a pressure relief valve
when the valve is overpressured to the flow-rating pres-
sure.

static blowdown: the difference between the set pres-
sure and the reseating pressure of a pressure relief valve
when the valve is not overpressured to the flow-rating
pressure.

blowdown ring: see adjusting ring.

body: a pressure-retaining or pressure-containing
member of a pressure relief device that supports the
parts of the valve assembly and has provisions for
connecting to the primary and secondary pressure
sources, as applicable. Also called valve body.

bonnet: acomponent of a direct spring-loaded valve or ofa
pilot in a pilot-operated valve that supports the spring. It
may or may not be pressure containing.

bore area: the minimum cross-sectional flow area of a
nozzle (see Figure 1-2-1).

bore diameter: the minimum diameter of a nozzle.

variable back pressure: a superimposed back pressure
that will vary with time.
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breaking pin: the load-carrying element of a breaking pin
non-reclosing pressure relief device.
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Figure 1-2-1
Typical Curtain Areas of Pressure Relief Devices
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(a) Flat-Seated Valve [Note (1)]
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(b-1) (b-2) (b-3)

(b) Bevel-Seated Valves [Note\(2)]

(c-1) (c-2)

(c) Radial-Seated Valves [Note (2)]

B = slant height of-fruistum of cone

D = seat diameter.=/smallest diameter at which seat touches disk
Dp = other diameter of frustum of cone

L = lift

R = radius

0 = seat)angle = angle of seating surface with axis of valve

GENERALNOTE: Curtain area is the discharge area unless the disk attains sufficient lift for the valve bore to become the controlling area. See I-2,
definitions of actual discharge area, bore area, and curtain area.

NOTES:
(1) Curtain area = surface of cylinder = mDL.

. D+ D,
(2) Curtain area = surface of frustum of cone = tB———2 .
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breaking pressure: the value of inlet static pressure at
which a breaking pin or shear pin device functions.

conditions of superimposed back pressure or tempera-
ture, or both.

bubble pressure: the value of increasing inlet static pres-
sure of a pressure relief valve at which the onset of a
continuous stream of bubbles occurs when the valve is
tested by means of air or other suitable gas under a speci-
fied water seal on the outlet.

buckling pin: the load-carrying element of a buckling pin
device.

buckling pressure: the value of inlet static pressure at
which a buckling pin device functions.

burst pressure: the value of inlet static pressure at which a
rupture disk device functions.

cap: a component used to restrict access and protect the
adjustment screw in areclosing pressure relief device. The
cap may or may not be a pressure-containing part.

capacity test pressure: see flow-rating pressure

Certificate of Authorization: a document issued by the
Society that authorizes the use of the ASME Certification
Mark and appropriate Designator for a specified time and
for a specified scope of activity.

Certificate of Compliance: a document that states that the
material represented has been manufactured, sampled,
tested, and inspected in accordance with the requirements
of the material specification (including year of issue) and
any other requirements specified in the purchase order,or
contract shown on the certificate, and has been fourrd, to
meet such requirements. This document may be cofmbined
with a Material Test Report as a single document.

Certification Designator (Designator): the symbol used in
conjunction with the Certification Mark:for-the scope of
activity described in a Manufacturer’s Certificate of
Authorization.

Certification Mark: an ASME symbol identifying a product
as meeting ASME BPVC requirements.

Certification Mark stamp:@metallic stamp issued by the
Society for use in impressing the Certification Mark.

certified flow resistance, Kg: a dimensionless term that
expresses the mimber of velocity head lost due to flow
through a non-reclosing pressure relief device.

chatter: abriormal rapid reciprocating motion of the
movable/parts of a pressure relief valve in which the
disk eontacts the seat.

coefficient of discharge: the ratio of the measured relieving
capacity to the theoretical relieving capacity.

coincident pressure and temperature: combination of
concurrent pressure and temperature that is coincident
with a specific operating, design, or relieving condition

combination device: one non-reclosing pressure relief
device in series with one pressure relief valve.

compressibility factor: the ratio of the specific volume of a
given fluid at a particular temperature and pressure to the
specific volume of that fluid as calculated by ideal gas laws
at that temperature and pressure.

constant backpressure: a superimposed backpregssute that
is constant with time.

cracking pressure: see opening pressure.

curtain area: the area of the cylindrical or conical
discharge opening between the seating surfaces
created by the lift of the diskrabove the seat (see
Figure [-2-1).

design pressure: the pressure used in the design of a pres-
sure relief device or.component together with the coin-
cident design metal’emperature, for determining the
minimum permissible thickness or physical characteris-
tics of the device€, different zones of the device, or device
components.

develaped ift: the actual travel of the disk from closed posi-
tion.tothe position reached when the valve is at flow-
rating pressure.

diaphragm: a flexible metallic, plastic, or elastomer pres-
sure-containing member of a reclosing pressure relief
device used to sense pressure or provide opening or
closing force.

discharge area: see below.

actual discharge area: the measured minimum cross-
sectional area that determines the flow through a pressure
relief device.

effective discharge area: a nominal or computed area of
flow through a pressure relief device, differing from the
actual discharge area, for use in recognized flow formulas
to determine the capacity of a pressure relief device.

disk: a movable component of a pressure relief device that
contains the primary pressure when it rests against the
nozzle.

disk holder: a movable component of a pressure relief
device that contains the disk (definition does not apply
to rupture disks).

dome: the volume on the side of the unbalanced moving
member opposite the nozzle in the main relieving valve of
a pilot-operated pressure relief device.

effective seat area: a computed area for use in calculating
the set pressure of a given pressure relief valve when the
valve is tested using an auxiliary lift-assist device.

field test connection: a device for in-service or bench

totddifferentiut test pressure—theimtet static pressureat
which a pressure reliefvalve is adjusted to open on the test
stand. This test pressure includes corrections for service
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testing of a pilot-operated pressure relief device to
measure the set pressure.
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field testing: testing of a pressure relief device installed on
a system to determine some or all of its operating char-

huddling chamber: the annular pressure chamber between
the nozzle exit and the disk or disk holder that produces

acteristics. Field testing may be accomplished by either of
the following methods:

in-place testing: testing of a pressure relief device
installed on but not protecting a system, using an external
pressure source, with or without an auxiliary lift device to
determine some or all of its operating characteristics.

in-service testing: testing of a pressure relief device
installed on and protecting a system, using system pres-
sure or an external pressure source, with or without an
auxiliary lift device to determine some or all of its oper-
ating characteristics.

first steady stream: the value of increasing static inlet pres-
sure of a pressure relief valve at which liquid discharge
flow is continuous and separates from the valve outlet
flange or pipe nipple at approximately a 90-deg angle
to the outlet centerline.

flow resistance: see certified flow resistance.

flow capacity: the relieving capacity of a pressure relief
device measured at the flow-rating pressure, expressed
in gravimetric or volumetric units.

flow capacity testing: testing of a pressure relief device to
determine its operating characteristics, including
measured relieving capacity.

flow path: the three-dimensional and geometric character-
istics of a device that affects the measured relieving ca-
pacity. The flow path is defined from the cross section of
the inlet to the cross section of the outlet, including<ll
streamlines in the flow.

flow-rating pressure: the inlet stagnation pressure at
which the relieving capacity of a pressure relief device
is measured.

flutter: abnormal, rapid reciprocating’/motion of the
movable parts of a pressure relief valve in which the
disk does not contact the seat.

full-area stop valve: a valve in ‘which the flow area of the
valve is equal to or greater than the inlet flow area of the
pressure relief device

fusible plug devicezadevice designed to function by the
yielding or melting of a plug, at a predetermined tempera-
ture, that supports a pressure-containing member or
contains pressure by itself.

gag: a device used on reclosing pressure relief devices to
preyent the device from opening.

gas:)a fluid that undergoes a significant change in density
as it flows through the pressure relief device.

guide: a component in a direct spring- or pilot-operated
pressure relief device used to control the lateral move-
ment of the disk or disk holder

the lifting force to obtain a pop action.

initial audible discharge pressure: the value of increasing
static inlet pressure of a pressure relief valve at which the
discharge becomes continuous by hearing with the naked
ear as specified by the Manufacturer.

inlet area: the cross-sectional flow area at the inlet
opening of a pressure relief device.

inlet size: the nominal pipe size of the inlet of a(pressure
relief device, unless otherwise designated.

knife blade: a component with multiple btades used with
reverse-acting rupture disks to cut(the disk when it
reverses.

leak test pressure: the specified inlet static pressure at
which a quantitative seat leakage test is performed in
accordance with a standard‘\procedure.

lift: the actual travel of-the\disk from closed position to the
position reached when 'the valve is relieving.

lifting device: a-device to apply an external force to the
stem spindl€)of a pressure relief valve to manually
operate thé valve at some pressure below the set pressure.
Also called Tifting lever.

liquid: a/fluid that does not undergo a significant change in
density through the pressure relief device.

lot of rupture disks: those disks manufactured of the same
material, at the same time, and of the same size, thickness,
type, heat, and manufacturing process, including heat
treatment.

main valve: that part of a pilot-operated pressure relief
device through which the rated flow occurs during relief.

Manufacturer: an organization that holds an ASME Certi-
ficate of Authorization to apply the Certification Mark and
is responsible for design, material selection, capacity or
flow resistance certification, manufacture of component
parts, assembly, adjustment, testing, sealing, and shipping
of pressure relief devices certified under this Section.

manufacturing design range: a range of pressure within
which the marked burst pressure must fall to be accept-
able for a particular requirement as agreed upon between
the rupture disk Manufacturer and the user or the user’s
designated agent.

Manufacturer’s standard rupture disk holder: the structure
that encloses and clamps the rupture disk into position
and includes at least one proprietary high-pressure
tube-fitting connection.

marked breaking pressure: the value of pressure marked
on a breaking pin or shear pin device or its nameplate.
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marked burst pressure: the value of pressure marked on
the rupture disk device or its nameplate or on the tag of the

outlet size: the nominal pipe size of the outlet of a pressure
relief device, unless otherwise designated.

rupture disk, indicating the burst pressure at the coinci-
dent disk temperature.

marked relieving capacity: see rated relieving capacity.

marked set pressure: the value of pressure marked on the
pressure relief device or its nameplate, indicating the
nominal pressure at which the device opens.

material: any substance or product form covered by a
specification in Section II, Part A, B, or C. Also, any
other substance or product form permitted for use in pres-
sure relief device construction by this Section.

material manufacturer: the organization that is respon-
sible for the production of products meeting the require-
ments of the material specification, and that accepts the
responsibility for any statements or data in any required
Certificate of Compliance or Material Test Report repre-
senting the material.

Material Test Report: a document in which the results of
tests, examinations, repairs, or treatments required by the
material specification to be reported are recorded,
including those of any supplementary requirements or
other requirements stated in the order for the material.
This document may be combined with a Certificate of
Compliance as a single document. When preparing a Mate-
rial Test Report, a material manufacturer may transcribe
data produced by other organizations, provided the mate-
rial manufacturer accepts responsibility for the accurasy
and authenticity of the data.

measured relieving capacity: see flow capacity.

minimum net flow area: the calculated netarea after a
complete activation of the rupture disk or pin device
with appropriate allowance forlany structural
members that may reduce the nét/flow area through
the device.

normal operating condition: a sustained or expected condi-
tion that is a stable mode of operation of the equipment or
system being protectéd.

nozzle: a primaryypressure-containing component in a
pressure religf\valve that forms a part or all of the
inlet flow pdssage.

opening pressure: the value of increasing inlet static pres-
sure of.a pressure relief valve at which there is a measur-
ablelift or at which the discharge becomes continuous as
determined by seeing, feeling, or hearing.

operating pressure: the normal or expected pressure of the
fluid in the system or vessel during operation.

operating temperature: the normal or expected tempera-
ture of the fluid in the system or vessel during operation.
Also called working temperature

overpressure: a pressure increase over the set pressure of a
pressure relief device, usually expressed as a percentage
of set pressure.

pilot: the pressure- or vacuum-sensing component of a
pilot-operated pressure relief valve that controls.the
opening and closing of the main valve.

pin temperature: the specified temperature of the pin
when an emergency condition exists aidythe pin is
expected to actuate.

piston: the moving element in the main‘*valve of a pilot-
operated, piston-type pressure relief'valve that contains
the seat that forms the primafy pressure containment
zone when the piston is in_eentact with the nozzle.

popping pressure: the value.of increasing inlet static pres-
sure at which the diskmeves in the opening direction at a
faster rate as compared with corresponding movement at
higher or lower.pressures.

pressure-contdining member: a component that is exposed
to and contains pressure.

pressute rélief device: a general term for a device designed
to prevent pressure or vacuum from exceeding a prede-
termined value by the transfer of fluid during emergency
or abnormal conditions.
reclosing pressure relief device: a pressure relief device
designed to actuate and reclose after operating.
pressure reliefvalve: a pressure relief device designed
to actuate on inlet static pressure and reclose after normal
conditions have been restored. It may be one of the
following types and have one or more of the following
design features:
balanced direct spring-loaded pressure relief valve:
a direct spring-loaded pressure relief valve that incorpo-
rates means (e.g., balancing bellows, piston, diaphragm) of
minimizing the effect of back pressure on the operational
characteristics (opening pressure, reseating pressure, and
relieving capacity).
conventional direct spring-loaded pressure relief
valve: a direct spring-loaded pressure relief valve
whose operational characteristics are directly affected
by changes in the back pressure.
diaphragm-type direct spring-loaded pressure relief
valve: adirect spring-loaded pressure relief valve thatuses
a diaphragm to boost the lifting forces on the disk and/or
isolate the bonnet area from service fluids.
direct spring-loaded pressure relief valve: a pres-
sure reliefvalve in which the diskis held closed by a spring.
full-bore pressure relief valve: a pressure relief
valve in which the bore area is equal to the flow area
at the inlet to the valve, and there are no protrusions

orifice area: see effective discharge area.
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full-lift pressure relief valve: a pressure relief valve
in which the actual discharge area is the bore area.
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internal spring pressure reliefvalve: a direct spring-
loaded pressure relief valve whose spring and all or part of

full-lift device: a device in which the actual discharge
area is independent of the lift of the disk.

the operating mechanism is exposed to the system pres-
sure when the valve is in the closed position.
low-lift pressure relief valve: a pressure relief valve
in which the actual discharge area is the curtain area.
pilot-operated pressure relief valve: a pressure
reliefvalve in which the disk is held closed by system pres-
sure, and the holding pressure is controlled by a pilot valve
actuated by system pressure.
power-actuated pressure relief valve: a pressure
relief valve actuated by an externally powered control
device.
reduced-bore pressure relief valve: a pressure relief
valve in which the flow path area below the seatisless than
the flow area at the inlet to the valve.
relief valve: a spring-loaded pressure relief valve
actuated by the static pressure upstream of the valve.
The valve opens normally in proportion to the pressure
increase over the opening pressure. A relief valve is used
primarily with incompressible fluids.
restricted-lift pressure relief valve: a full-lift pres-
sure relief valve whose lift is restricted such that the ca-
pacity is reduced proportionally to the ratio of restricted
lift to full lift.
safety reliefvalve: a pressure relief valve character-
ized by rapid opening (popping) or by gradual opening
that is generally proportional to the increase in pressure.
It can be used for compressible or incompressible fluids.
safety valve: a pressure relief valve characterized
by rapid opening (popping) and normally used to relievie
compressible fluids
temperature and pressure relief valve: a_pressure
relief valve that may be actuated by pressure at the
valve inlet or by temperature at the valve\inlet.
non-reclosing pressure relief device: apressure relief
device designed to actuate and remain\open after opera-
tion. A manual resetting means maybe provided. A non-
reclosing device may be one oflthe following types and
have one or more of the following design features:
breaking pin device: a‘device designed to function by
the breakage of a load-carrying section of a pin that
supports a pressure~containing member.
buckling pindevice: a device designed to function by
the buckling ©f an axially loaded compressive pin that
supports a(phéssure-containing member.
bursting disk device: see rupture disk device.
dirvect spring-loaded device: a device actuated by static
diffetential pressure or static inlet pressure in which the
disK is held closed by a spring. Upon actuation, the disk is
held open by a latching mechanism.
frangible disk device: see rupture disk device.
full-bore device: a device in which the flow path area
helow the seat is equal to the flow path area of the inlet to

low-lift device: a device in which the actual discharge
area is dependent on the lift of the disk.

pin device: a device actuated by static differential
pressure or static inlet pressure and designed to function
by the activation of a load-bearing section of a pin that
supports a pressure-containing member. A pin is the
load-bearing element of a pin device. A pin device
housing is the structure that encloses the pressure-
containing members.

pilot-operated device: a device in whicl the disk is
held closed by system pressure and the holding pressure
is controlled by a pilot actuated by system pressure. The
pilot may consist of one of the non-reclosing relief devices
listed in this section.

reduced-bore device: a device'in which the flow path
area below the seat is less than-the flow path area of the
inlet to the device.

rupture disk device: a device containing a disk that
ruptures when thesstatic differential pressure between
the upstream and downstream side of the disk reaches
a predetermined value. A rupture disk device includes
a rupture disk;, a rupture disk holder (as applicable),
and all 8th€ér components that are required for the
deviceg to function in the prescribed manner.

Shear pin device: a device designed to function by the
shearing of a load-carrying member that supports a pres-
sure-containing member.

spring-actuated device: a device that is opened or
assisted in opening by a spring.

pressure relief system: the fluid flow path and its associated
equipment for relieving excessive pressure from the pres-
surized equipment to final point of discharge. The asso-
ciated equipment typically includes one or more pressure
relief devices, piping, and piping components, and may
include a muffler, liquid separator, scrubber, thermal
oxidizer, flare, and/or other equipment necessary to
safely discharge the effluent.

pressure-retaining member: a component that holds pres-
sure-containing members together but is not exposed to
the pressure.

pressurized equipment: equipment designed to operate
with internal pressure that is above and/or below atmo-
spheric pressure, such as, but not limited to, vessels,
boilers, tanks, and piping.

primary pressure: the pressure at the inlet in a pressure
relief device.

rated lift: the design lift at which a valve attains its rated
relieving capacity.

rated pressure: the pressure at which a non-reclosing pres-
surereliefdevice operatesto allow reliefof pressure at the

the device.

60

specified temperature.



https://asmenormdoc.com/api2/?name=ASME BPVC.XIII (ASME BPVC Section 13) 2025.pdf

ASME BPVCXIII-2025

rated relieving capacity: that portion of the measured
relieving capacity permitted by the applicable code or

shell: an assembly of pressure-containing members that
isolate primary or secondary pressure from atmosphere.

regulation to be used as a basis for the application of a
pressure relief device.

reference conditions: those conditions of a test medium
that are specified by either an applicable standard or
an agreement between the parties to the test, which
may be used for uniform reporting of measured flow
test results.

referencing Code or Standard: the code or standard that
adopts requirements of Section XIII by reference.

relieving conditions: the inlet pressure and temperature on
a pressure relief device during an overpressure condition.
The relieving pressure is equal to the valve set pressure or
burst (or the rupture disk burst pressure) plus the over-
pressure. (The temperature of the flowing fluid at
relieving conditions may be higher or lower than the oper-
ating temperature.)

relieving pressure: set pressure plus overpressure.

resealing pressure: the value of decreasing inlet static pres-
sure at which no further leakage is detected after closing of
the pressure relief valve.

reseating pressure: the value of decreasing inlet static
pressure at which the valve disk reestablishes contact
with the seat or at which lift becomes zero.

rupture disk: the pressure-containing elementin a rupture
disk device thatis designed to burstatits rated pressuréat
a specified temperature.

rupture disk holder: the structure that clamps arupture
disk in position.

seat: the pressure-sealing surfaces of the fixed and moving
pressure-containing components.

seat angle: the angle between theaxis of a valve and the
seating surface. A flat-seated valve'has a seat angle of 90
deg (see Figure 1-2-1).

seat diameter: the smallest’diameter of contact between
the fixed and moving portions of the pressure-containing
elements of a valve.

secondary pressure: the pressure existing in the passage
between the/actdal discharge area and the device outlet in
a pressure relief device.

set pressure: the value of increasing (or decreasing) inlet
static.pressure at which a pressure relief device displays
one of the operational characteristics as defined by
40-cc pressure, breaking pressure, bubble pressure, buck-
ling pressure, burst pressure, first-steady stream, initial
audible discharge pressure, opening pressure, popping pres-
sure, or start-to-leak pressure.

shear pin: the load-carrying element of a shear pin device.

Examples of these members include, but are not limited to,
the body, nozzle, bonnet, and cap for a direct spring-
loaded pressure relief valve using a pressurized
bonnet; the nozzle and disk for a direct spring-loaded
pressure relief valve using a yoke or open bonnet; and
the body and cap of the main valve and the body. of
the pilot for a pilot-operated pressure relief valye.

simmer: the audible or visible escape of fluid between the
seat and disk at an inlet static pressure belowthe popping
pressure and at no measurable capacity. Can also be a
warning that the pressure relief/device is about to
relieve. Simmer applies to safety<oy safety relief valves
on compressible fluid service,

specified burst pressure: the-value of increasing inlet static
pressure, at a specified temperature, at which a rupture
disk is designed to function.

specified disk temperature: the specified temperature of
the disk at which the disk is expected to burst.

spindle: a part'whose axial orientation is parallel to the
travel of the disk. A spindle may be used in one or
morelof the following functions: assist in alignment,
guide disk travel, or transfer internal or external forces.

spring: the element in a pressure relief valve that provides
the force to keep the disk on the nozzle.

spring button: see spring step.

spring step: a load-transferring component in a pressure
relief valve that supports the spring.

spring washer: see spring step.
start-to-discharge pressure: see opening pressure.

start-to-leak pressure: the value of increasing inlet static
pressure at which the first bubble occurs when a pressure
relief valve is tested by means of air under a specified
water seal on the outlet.

theoretical relieving capacity: the computed capacity
expressed in gravimetric or volumetric units of a theore-
tically perfect nozzle having a minimum cross-sectional
flow area equal to the actual discharge area of a pressure
relief valve or net flow area of a non-reclosing pressure
relief device.

two-phase: term used to describe a fluid that contains a
combination of both liquid and gas phases in a single flow
stream.

user: the organization that purchases the finished equip-
ment for its own use or as an agent for the owner. The
user’s designated agent may be either a design agency
specifically engaged by the user, the Manufacturer of a
system for a specific service that includes a pressure
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user, or an organization that offers the equipment for
sale or lease for specific services.
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vacuum support: a component of a rupture disk to prevent yoke: a pressure-retaining component in a pressure relief
flexing due to upstream vacuum or downstream back device that supports the springin a pressure relief valve or

pressure. pin in a non-reclosing device but does not enclose them
warn: see simmer. from the surrounding ambient environment.

yield temperature: the temperature at which the fusible
material of a fusible plug device becomes sufficiently
soft to extrude from its holder and relieve pressure.
Also called melt temperature.
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MANDATORY APPENDIX II
ADHESIVE ATTACHMENT OF NAMEPLATES

1I-1 SCOPE

This Appendix covers minimum requirements for the
use of adhesive systems for the attachment of nameplates.
The use of adhesive-backed nameplates shall

(a) be limited to pressure-sensitive acrylic adhesives
that have been preapplied by the nameplate manufacturer
to a nominal thickness of at least 0.13 mm (0.005 in.) and
that are protected with a moisture-stable liner

(b) be used on pressure relief devices with design
temperatures within the range of -40°C to 150°C
(-40°F to 300°F)

(c) be applied to clean, bare metal surfaces, with atten-
tion being given to removal of antiweld spatter compound
that may contain silicone

(d) have been prequalified as outlined in II-2

(e) be used within 2 yr of its initial application on the
nameplate

1I-2 NAMEPLATE APPLICATION PROCEDURE
QUALIFICATION

(a) The Manufacturer’s quality control system (see
Mandatory Appendix III) shall define that written proce-
dures, acceptable to the ASME Designatéd*Organization,
for the application of adhesive-backed nameplates shall be
prepared and qualified.

(b) Each procedure for the attachment of nameplates
by use of pressure-sensitive acrylic adhesive systems shall
be qualified for outdoor exposure in accordance with UL
969, and the following-additional requirements:

(1) Width of nanmeplate test strip shall not be less
than 25 mm (1 in)

(2) Nameplates shallhave anaverage adhesion ofnot
less than 1.4 N-mm (8 lbf-in.) of width after all exposure
conditions, jihcluding low temperature.

(c) The application procedure qualification shall
include the following essential variables, based on the
adhesive and nameplate manufacturer’s recommenda-
tions, where applicable:

(1) description of the pressure-sensitive acrylic
adhesive system used, includinggeneric composition.

(2) the qualified temperature range [the cold-box
test temperature shall be>~40°C (-40°F) for all applica-
tions].

(3) materials_of\the nameplate and substrate when
the mean coefficient of expansion at the design tempera-
ture of one material is less than 85% of that for the other
material,

(4) finish of the nameplate and substrate surfaces.

(5)/the nominal thickness and modulus of elasticity
atapplication temperature of the nameplate when name-
plate preformingis used. A change of more than 25% in the
value of N will require requalification:

N=t*!xM

where

<
]

nameplate modulus of elasticity at application
temperature, N-m? (psi)

force, N (1bf)

nameplate nominal thickness, mm (in.)

~ =2
non

(6) the qualified range of preformed nameplate and
companion substrate contour combinations when
preforming is used.

(7) cleaning requirements for the substrate.

(8) application temperature range and application
pressure technique.

(9) application steps and safeguards.

(d) Any change to the variables in (c) shall require re-
qualification.

(e) Eachlotorpackage of nameplates shall be identified
with the adhesive application date.

(25)
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MANDATORY APPENDIX 11l
QUALITY CONTROL SYSTEM

111-1 GENERAL

(a) The Manufacturer or Assembler shall have and
maintain a quality control system that will establish
that all ASME BPVC requirements, including those for
material, design, manufacture, and examination (by the
Manufacturer or Assembler), and inspection (by the
ASME Designee) of relief devices, will be met. The
quality control system shall include duties of a Certified
Individual (CI), as required by this Section. The CI author-
ized to provide oversight may also serve as the Certificate
Holder’s authorized representative responsible for
signing Certificates of Conformance. Provided that
ASME BPVC requirements are suitably identified, the
system may include provisions for satisfying any require-
ments of the Manufacturer, Assembler, or user that exceed
minimum ASME BPVC requirements, and may include
provisions for quality control of non-Code work. In
such systems, the Manufacturer or Assembler may
make changes in parts of the system that do not affect
the ASME BPVC requirements without securing accep-
tance by the ASME Designee. Before implementation;revi-
sions to quality control systems of Manufacturers'and
Assemblers of pressure relief devices shall have been
found acceptable by an ASME Designee if such revisions
affect ASME BPVC requirements.

(b) The system that the Manufacturer or Assembler
uses to meet the requirements of this Section must be
one suitable for their own circumstances. The necessary
scope and detail of the system shall depend on the
complexity of the work pérformed and on the size and
complexity of the Manufacturer’s or Assembler’s organi-
zation.

(c) A written deéscription of the system the Manufac-
turer or Assembler will use to produce an ASME BPVC
item shall be\available for review. Depending upon the
circumstanees, the description may be brief or volumi-
nous.

(d)-The written description may contain information of
proprietary nature relating to the Manufacturer’s or
Assembler’s processes. Therefore, the ASME BPVC does
not require any distribution of this information except
to the ASME Designee. It is intended that information
learned about the system in connection with evaluation

111-2 OUTLINE OF FEATURES INCLUDED IN-THE
QUALITY CONTROL SYSTEM

Paragraphs I1I-2.1 through I1I-2.14 proyide guidance on
some of the features that should be covered in the written
description of the quality control system; the information
is equally applicable to both shop-and field work.

11I-2.1 Authority and Responsibility

The authority and responsibility of those in charge of
the quality controlrsystem shall be clearly established.
Persons performing quality control functions shall
have sufficient\and well-defined responsibility, and the
authority,and organizational freedom to identify
quality dehtrol problems and to initiate, recommend,
and proyvide solutions.

Ill=2.2 Organization

An organization chart showing the relationship
between management and engineering, purchasing,
manufacturing, inspection, and quality control is required
toreflect the actual organization. The purpose of this chart
is to identify and associate the various organizational
groups with the particular function for which they are
responsible. The ASME BPVC does not intend to encroach
on the Manufacturer’s or Assembler’s right to establish,
and from time to time to alter, whatever form of organiza-
tion the Manufacturer or Assembler considers appro-
priate for its ASME BPVC work.

11I-2.3 Drawings, Design Calculations, and
Specifications Control

The Manufacturer’s or Assembler’s quality control
system shall provide procedures that will ensure that
the latest applicable drawings, design calculations, speci-
fications, and instructions required by the ASME BPVC, as
well as authorized changes, are used for manufacture,
assembly, examination, inspection, and testing.

1ll-2.4 Material Control

The Manufacturer or Assembler shall include a system of
receiving control thatwill ensure thatthe materialreceived
is properly identified and has documentation, including

will be treated as confidential and that all loaned descrip-
tions will be returned to the Manufacturer or Assembler
upon completion of the evaluation.
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system material control shall ensure that only the intended
material is used in ASME BPVC construction.

(2) design calculations including any applicable
Proof Test Reports

111-2.5 Examination and Inspection Program

The Manufacturer’s or Assembler’s quality control
system shall describe the manufacture, assembly, and
inspection operations, including examinations and the
stages at which specific inspections are to be performed.

111-2.6 Correction of Nonconformities

There shall be a system for correction of nonconformi-
ties. A nonconformity is any condition that does not
comply with the applicable rules of this Section. Noncon-
formities must be corrected or eliminated in some way
before the completed pressure relief device can be consid-
ered to comply with this Section.

111-2.7 Welding

The quality control system shall include provisions for
indicating that welding conforms to requirements of
Section IX as supplemented by this Section.

111-2.8 Nondestructive Examination

The quality control system shall include provisions for
identifying nondestructive examination (NDE) proce-
dures the Manufacturer will apply to conform with re-
quirements of this Section. Section V, Article 1 shall be
applied for the qualification of NDE procedures and-~for
the certification of NDE personnel unless otherwis€ speci-
fied in this Section.

I11-2.9 Heat Treatment

The quality control system shall provide controls to
ensure that heat treatments as required by the rules of
this Section are applied. It shallindicate the means by
which the Inspector for the ASME Designated Organiza-
tion may verify that thesestequirements have been met.
This may be by review of heat treatment time-tempera-
ture records or by other methods, as appropriate.

111-2.10 Calibration of Measurement and Test
Equipment

The Manufacturer or Assembler shall have a system for
the calibration of examination, measuring, and testing
equ@ipment used in fulfillment of requirements of this
Section.

111-2.11 Records Retention

The Manufacturer or Assembler shall have a system for
the maintenance of Certificates of Conformance and
records as required by this Section.

(3) Material Test Reports and/or Material Certifica-
tions

(4) Welding Procedure Specifications and Procedure
Qualification Records

(5) Welding or Welding Operator Performance
Qualification Records

(6) nondestructive examination reports

(7) heat treatment records and test results

(8) postweld heat treatment records

(9) nonconformance and dispositign records

(10) transfer form, if applicable

(b) The Manufacturer or Assembletr shall maintain the

Manufacturer’s Certificate of Conformance for a period of
at least 5 yr.

111-2.12 Sample Forms

The forms used jn‘the quality control system and any
detailed procedures-for their use shall be available for
review. The written description shall make necessary
references to-these forms.

111-2.13 Inspection of Pressure Relief Devices

{a)* Inspection of manufacturing or assembly of pres-
sure relief devices shall be by a representative of an ASME
Designated Organization, as described in this Section.

(b) The written description of the quality control
system shall include reference to the CI and ASME
Designee.

(c) The Manufacturer or Assembler shall make avail-
able to the ASME Designee, at the Manufacturer’s or
Assembler’s plant, a current copy of the written descrip-
tion of the applicable quality control system.

(d) The Manufacturer’s or Assembler’s quality control
system shall provide for the ASME Designee to have access
to all drawings, calculations, specifications, procedures,
process sheets, repair procedures, records, test results,
and any other documents as necessary for the Designee
to perform the Designee’s duties in accordance with this
Section. The Manufacturer or Assembler may provide such
access either by making their own files of such documents
available to the ASME Designee or by providing copies.

111-2.14 Certifications

(a) The Certificate of Compliance and the Material Test
Report may be combined as a single document. The
preparing organization accepts responsibility for the
accuracy and authenticity of the data.

(b) Methods other than written signature may be used
for indicating certifications, authorizations, and approval
where allowed and as described elsewhere in this Section.

(a) The Manufacturer or Assembler shall maintain the
following documents for a period of at least 3 yr:
(1) manufacturing drawings
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MANDATORY APPENDIX IV
CAPACITY CONVERSION

IV-1 INTRODUCTION

(a) The capacity of a pressure relief device in terms of a
gas or vapor other than the medium for which the device
was officially rated shall be determined by application of
the equations given in IV-2(a) and IV-2(b).

(b) If the actual discharge area of the pressure relief
device, A, and the coefficient of discharge, K, are not
known, the official rated capacity of the pressure relief
device, which is marked on the device, can be used to
determine the overall value of K4, as follows:

Official Rating in Steam

W
KA =
CnP

Official Rating in Air

W, |T
KA=—,|—
CP\ M
where

A = actual discharge area through the device at
developed lift, mm? (in.%)

C = constant for gas or vapor, which is futiction of the
ratio of specific heats, k s\c,/c, [see
Figure IV-1-1M (Figure IV-1-1})]

Cy = Napier constant
= 5.25 for SI calculations
= 51.5 for U.S. Customary-calculations

K = coefficient of discharge (see 9.7.6)

M = molecular weight*(see Table 1V-3-1)

P = (set pressure\x 1.10) + atmospheric pressure,
Mpaabs (pSia)

T = absolute gas temperature at the inlet, K (°R)

K s°°C + 273
°R = °F + 460
W, =.rated capacity at inlet temperature, converted to
kg/h of air at 20°C (Ibm/hr of air at 60°F)
Wy = rated capacity, kg/h (Ibm/hr) of steam

This value for KA is then substituted into the equations
given in IV-2(a) and IV-2(b) to determine the capacity of
the pressure relief device in terms of the new gas or vapor.

IV-2 EQUATIONS FOR DETERMINING CAPACITY

For all equations, nomenclature is as definedin IV-1(b)
and as noted below.
(a) For steam

W, = CyKAR
where
Cy = 5.25 for SI calculatiens
= 51.5 for U.S. Custemary calculations
(b) The following-equations are for low-pressure gases

and vapors (gaSes or vapors at pressures less than two-
thirds of theix eritical pressure):

(1) Fefair
M
W, = CKAP,|—
T

= 27.03 for SI calculations

= 356 for U.S. Customary calculations

= 28.97 (see Table 1V-3-1)

= 293K for SI calculations when W, is the rated ca-
pacity

= 520°R for U.S. Customary calculations when W, is
the rated capacity

(2) For any gas or vapor with linear thermodynamic
properties through the device

w = ckap,| ML
\1Z

where
w
VA

flow of any gas or vapor, kg/h (Ibm/hr)
compressibility factor

(c) The equation in (b)(2) may also be used when the
required flow of any gas or vapor is known and it is nec-
essary to compute the rated capacity of steam or air.

(25)
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Figure IV-1-1M

67

Constant, C, for Gas or Vapor Related to Ratio of Specific Heats (k = c,/c,) (25)
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(d) Forhydrocarbonvapors, where the actual value of k

arrived at by assuming equilibrium flow and calculated
values for the critical pressure ratio.

is not known, the conservative value k = 1.00 has been
commonly used and the equation becomes

w = ckap, X
\T

where
C = 24 for SI calculations
= 315 for U.S. Customary calculations

(e) For gas pressure service above the pressure limits
given in IV-1, and for liquid service, additional considera-
tion shall be given to the fact that the actual flow capacity
of a given pressure relief device may be influenced by any
of the following:

(1) fluid conditions close to or above the critical
point

(2) liquid flashing to vapor and other phase changes
that may occur and cause a two-phase or multiphase flow
regime in the device

(3) conditions in which decomposition reactions
occur and the chemical composition of the resulting
fluid cannot be definitively established

The user or the user‘s designated agent shall be
responsible for establishing a procedure for sizing
and/or flow capacity conversion based on the pressure
relief device geometry, as well as the change in fluid condi-
tions and fluid properties during flow through the device
and all associated piping. This procedure shall address the
effects of phase changes at particular points in the device,
as appropriate. If necessary, sizing may be determined on
an empirical basis by actual capacity tests with the,process
in question at expected relieving conditions. Tlie user shall
be responsible for providing or approving:the assump-
tions and calculations used in all flow.¢dpacity conver-
sions.

(f) The saturated water capacity’of a pressure relief
device currently rated under Part 9 can be determined
from Figure IV-2-1M (Figure IV-2-1), as described in
(1) and (2) below. However, since the saturated water
capacity is configuration sensitive, the following
method applies only ‘to those pressure relief devices
that have a nozzle-type construction (bore-to-inlet-
diameter ratio of 0.25 to 0.80 with a continuously
contoured.change) and that have exhibited a coefficient
Kp in exeess of 0.90. No saturated water rating shall apply
to aother types of construction. The method is as follows:

(1) Enterthe graphinFigureIV-2-1M (FigureIV-2-1)
at-the set pressure of the device.

(2) Move vertically upward to the saturated water
line, and read horizontally to determine the relieving ca-
pacity. This capacity is the theoretical, isentropic value

NOTE: The Manufacturer, user, and Inspector are all cautioned
that for the rating determined as described in (1) and (2) to
apply, the device shall be continuously subjected to saturated
water. If after initial relief the flow fluid changes to quality
steam, the device shall be rated as per dry saturated steam.
Devices installed on vessels or lines containing steam-water
mixture shall be rated on dry saturated steam.

IV-3 CAPACITY CONVERSION EXAMPLES

Table 1V-3-1 lists the molecular weights\for common
gases and vapors, which are used in thé examples.

IV-3.1 EXAMPLE 1

GIVEN: A pressure relief device'bears a certified capac-
ity rating of 1 370 kg/h (3,020 Ibm/hr) of steam for a
pressure setting of 1.40.MPa (200 psi).

PROBLEM: What is the-relieving capacity of that device
in terms of air at,40fC (100°F) for the same pressure

setting?
SOLUTION¢
(a) For{steam
W, = CyKAP
(SI Units)
W, = 5.25KAP

1370 = 5.25KAP

(U.S. Customary Units)
W, = S1.SKAP

3,020 = 51.SKAP

kap =220 _ g5
515
(b) For air
M
W, = CKAP, | —
T
(51 Units)
W, = 27.03KAP,|-2227
404273
28.97
= (27.03)(261), | ===
( )(261) 03

68
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Figure IV-2-1M
Flow Capacity Curve for Rating

(U.S. Customary Units)
[ 2gg7

Nozzle-Type Pressure Relief Devices on Saturated Water
(Based on 10% Overpressure)
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Set Pressure, MPa

W, 356KAP, | ————
a \/ 100 + 460

28.97

6)(S8.
(356)(58.5) 60
4,750 Ibm/hr

IV-3.2 EXAMPLE 2

GIVEN: It is required to relieve 2,270 kg/h’ (5,000
Ibm/hr) of propane from a pressure vessel through a pres-
sure relief device set to relieve at a pressuire of P; [in mega-
pascals (pounds force per square inch)}and with an inlet
temperature at 50°C (125°F).

PROBLEM: What total capacity in kilograms (pounds
mass) of steam per hour.must the pressure relief
device be capable of providing?

SOLUTION:

(a) For propane

M
W = CKAP \/ —
T
The valug of C is not definitely known. Use the conser-

vative value: C = 24 for SI units (315 for U.S. Customary
units):

(S1 Units)

2270 = 24KAP 09
S0 + 273

KAP = 256.0
Figure 1V-2-1
Flow Capacity Curve for Rating
Nozzle-Type Pressure Relief Devices-on Saturated Water
(Based on 10% Overpressure)
i 1
241 1t =
~=- /// Table IV-3-1
T 0t LT Molecular Weights of Gases and Vapors
3 - N\
‘F 16 e B "‘L'*‘ 1 Molecular Molecular
= Saturated water Gas or Vapor Weight Gas or Vapor Weight
X y ‘ Air 28.97 Freon 114 170.90
z 12 1 R
' 1L / ) J | Acetylene 26.04 Hydrogen 2.02
§ 8 1 / ] S S N S Ammonia 17.03 Hydrogen 34.08
g L 1 /r o | i Hr NN Butane 58.12 sulfide
=, ,/AM._,_H T I B SR Carbon dioxide 4401 | Methane 16.04
/ . G O O O B Chlorine 70.91 | Methyl chloride 50.48
0 f Ethane 30.07 Nitrogen 28.02
0 400 800 1,200 1,600 2,000 2,400 2,800 3,200 Ethylene 2805 | Oxygen 32.00
Set Pressure, psig Freon 11 137.371 | Propane 44.09
Freon 12 12079 Sulfurdioxide 64-06
Freon 22 86.48
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(U.S. Customary Units)

(U.S. Customary Units)
W, = S1SKAP = 515X 1710

44.09

5,000 = 31SKAP, |——~
125 + 460

KAP = 57.7

(b) For steam

(SI Units)

W, = S25KAP = 525 X 256.0
1344 kg/h set to relieve at P, MPa

(U.S. Customary Units)

W, = S1.SKAP = S1.5 X §7.7
= 2,970 Ibm/hr set to relieve at P, psi

IV-3.3 EXAMPLE 3

GIVEN: Itis required to relieve 450 kg/h (1,000 Ibm/hr)
of ammonia from a pressure vessel at 65°C (150°F).

PROBLEM: What is the required total capacity in kilo-
grams (pounds mass) of steam per hour at the same pres-
sure setting?

SOLUTION:

(a) For ammonia

J—

W:CKAP\/M
T

The Manufacturer and the user agree to use k = 1.33;
interpolated from Figure IV-1-1M (Figure IV-1-1)5C =
26.56 for SI units (350 for U.S. Customary units}s

(SI Units)
450 = 26.56KAP _1705¢
65 +-273
KAP = 7548
(U.S. Customary Units)
1,000-="350KAP 1708
150 + 460
KAP = 17.10

(b) Fer.steam

(S1~Units)

W, = S2SKAP = 525 X 75.48
396kg/h

= 8801lbm/hr

IV-3.4 EXAMPLE 4

GIVEN: A pressure relief device bearing a certified
rating of 285 m>/min (10,000 ft*/min) of air at 20°C
(60°F) and 101.3 kPa,s (14.7 psia) (atmospheric pres-
sure). The weight of dry air at atmospheric pressufe“is
1.225 kg/m> (0.0766 lbm/ft%).

PROBLEM: What is the flow capacity of this device in
kilograms (pounds mass) of saturated steam\per hour for
the same pressure setting?

SOLUTION:

(a) For air

(1) Convert the certified rated capacity to kilograms
per hour (pounds mass per, Rour).
W, = rated capacity in ms/min (ft3/min)

X weight of dry air at atmospheric pressure X min/hr

(SI Units)

W, = 285 X 1.225 X 60 = 20947 kg/h

(U.S\/Customary Units)
W, = 10,000 X 0.0766 X 60 = 45,960bm/hr

(2) Determine KAP.

(SI Units)

20947 = 27.03KAP /ﬂ
20 + 273

KAP = 2464

(U.S. Customary Units)

28.97

45,960 = 356KAP | ——2"
60 + 460

KAP = 546
(b) For steam

(SI Units)

W, = S52SKAP = 5.25 X 2464
12939kg/h
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(U.S. Customary Units)
W = SISKAP =815 X 546

Using the liquid rated capacity marked on the pressure
relief valve, it is possible to determine the overall value of

(25)

28,119 Ibm/hr

NOTE: Before the capacity of a pressure relief device is converted
from any gas to steam, the requirements of 9.7.1 must be met.

IV-4 EQUATIONS FOR CONVERSION
(INCOMPRESSIBLE FLUIDS)

(a) General. The capacity of a pressure relief valve in
terms of a nonflashing liquid other than the fluid for which
the valve was officially rated shall be determined by the
following equation:

W = cka (P = Bp

where
A = actual discharge area of valve, mm? (in.%)
C = 5.092 for SI units
= 2,407 for U.S. Customary units
K = coefficient of discharge
P = (set pressure x 1.10) + atmospheric pressure,
MPa,ps (psia)
P; = pressure at discharge from valve, MPa,,s (psia)
W, = rated capacity, kg/h (Ib/hr) of any liquid
p = density of liquid at value inlet conditions, kg/m?

(Ib/ft)

The volumetric capacity of a pressure relief valve/in
terms of a nonflashing liquid other than the:fluid for
which the valve was officially rated may bedetermined
by the following equation:

(P—Fy)
= CKA,| ——=
Q1 I G
where
A = actual discharge area through the device at devel-

oped lift, mm? (in.?)

C; = 2.685 for SI units
38 for U.S, Customary units

G = specific-gravity of the fluid at device inlet condi-
tions-relative to water at 20°C (70°F)

K = ceefficient of discharge

P =~absolute relieving pressure, MPa (psia)

P4 ="absolute discharge pressure, MPa (psia)

Qp= liquid volumetric capacity, L/min (gpm)

KA by rearranging the preceding equation when the value
of the individual terms is not known:

KA = % \/ i
G\ (P-F)
where
G, = specific gravity of water at 20°C (70°F) relative to
water at 20°C (70°F)
=1
Q,, = liquid volumetric rated capacity, I/ min (gpm), of

water at 20°C (70°F)

(b) Example

GIVEN: A pressure relief yalve bears a certified rating of
5678 L/min (1,500 gpm)-water at 20°C (70°F) with a set
pressure of 0.827 MRag-(120 psig).

PROBLEM: Whatis.the the flow capacity of this pressure
relief valve in liters!(gallons) of kerosene (specific gravity
= 0.82) per miihute at the same pressure rating?

SOLUTI@N:

(1) “For water at 20°C (70°F)

(SL.Units)

_ 5678 1

- =2217.2 mm?
2.685\ (1.0111 — 0.1013)

(U.S. Customary Units)

1
500 ! = 3.436in.2
(146.7 — 14.7)

38
(2) For kerosene
(51 Units)

KA =

(10111 — 0.1013)
= 2.685(2217.2) | —m—«——~
Q ( )\/ 0.82

Ql = 6270.3L/min

(U.S. Customary Units)

_ (146.7 — 14.7)
Q= 38(3.436)4/70.82
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MANDATORY APPENDIX V

PERFORMANCE TESTING OF PRESSURE RELIEF
DEVICES

ARTICLE V-I
GENERAL

V-1.1 OBJECT

The object of the test is to determine the performance of
pressurerelief devices. These tests determine one or more
of the following:

(a) dimensional, operational, and mechanical charac-
teristics

(b) relieving pressure

(c) relieving flow capacity at test pressure

(d) individual flow resistance

Procedures for conducting the tests, calculating the
results, and making corrections are defined.

V-1.2 SCOPE

(a) This Appendix provides instructions in Article V-2
for flow capacity testing and in Article V-3 for in-service
and bench testing. Testing of reclosing and non-reclosing
pressure relief devices is conducted under various inlet
and outlet conditions using steam, gases, and-liquids for
which valid physical properties are known.

(b) The validity of tests shall be determined in accor-
dance with the requirements of V-1.3.

V-1.3 MEASUREMENT UNCERTAINTY

In order to qualify as a valid'test in accordance with this
Appendix, the total uncertainties of the test, as calculated
by the procedures offASME PTC 19.1, shall be equal to or
less than the values_of maximum acceptable uncertainty.
The maximum aeeeptable uncertainty of the final flow
measurement.shall not exceed +2.0% of the measured
value. For\results other than flow measurements, the
maximum acceptable uncertainty shall not exceed
+0.5%.0f the measured value as determined in accordance
with Article V-2 or +1.0% of the measured value as deter-
mined in accordance with Article V-3.

An example calculation showing the various methods
used to establish meaningful estimates for the limits of
uncertainty of a final flow measurement is provided in

V-1.4 GENERAL

(a) It is assumed that the testing fagility has adequate
capacity and sufficient pressure to,cohduct the tests.
However, the users of this Appendix‘are cautioned that
the capacity and pressure limitdtions of the testing facility
may restrict the determination~of satisfactory operating
conditions and other operational features of the pressure
relief device.

(b) Inaddition, fi€ld installation or abnormal operating
conditions, or both, may adversely affect the function of
the pressure relief device. It is not the intent of this Appen-
dix to attemptito assess the suitability or reliability of the
pressure'relief device under such conditions. It should also
be notéd'that if the temperature of the medium used to test
the ‘pressure relief device differs substantially from the
temperature to which the pressure relief device is
subjected while in service, the functional characteristics
will be different from the test pressures, i.e., opening,
closing, blowdown, and bursting pressure. In this case,
it is necessary to develop appropriate corrections for
the pressure relief device under test to account for
these differences, which is outside the scope of this Appen-
dix.

(c) This Appendix provides recommended test proce-
dures and instrumentation for testing devices. Other test
procedures or instrumentation may be used provided they
can be demonstrated as having accuracy and reliability at
leastequal to the requirements of this Appendix. Ifanother
procedure or instrumentation will be used, it is subject to
written agreement by the parties to the test prior to the
test.

(d) The test results shall be reported as measured and
calculated. Only tests that comply fully with the manda-
tory requirements of this Appendix may be designated as
tests conducted in accordance with this Appendix. Should
any specific direction in this Appendix, or any particular
measurement, differ from those given in other ASME
Performance Test Codes for similar measurements, the
instructions of this Appendix shall prevail.

(e) In some cases, the testing of pressure relief devices
may involve the use of high-pressure and high-tempera-
ture fluid Hazardsto pprcnnnpl will exist unless ndpqn;\rp

Nonmandatory Appendix D.
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precautionary measures are taken. Special consideration
should be given to adequate design and overpressure



https://asmenormdoc.com/api2/?name=ASME BPVC.XIII (ASME BPVC Section 13) 2025.pdf

ASME BPVCXIII-2025

protection to the piping system and components, safe Kipe B-p = pipe resistance factor between pressure
discharge from the pressure relief devices undergoing taps B and D without the rupture disk
testing, and the high noise level usually associated device
with the discharge of pressure relief devices. The users Kg; = individual flow resistance
of this Appendix should consult the authority having juris- Ki,p = total resistance factor to pressure tap
diction over these safety matters to ensure the testing L = ratio of location of pressure taps to D
facility meets the mandatory requirements. | = valve-disk lift, in. (mm)
Lag = length between taps A and B, ft (m)
V-1.5 NOMENCLATURE Lg.c = length between taps B and C, ft (1h)
. . . . . Lg.p = length between taps B and D, ft (in)
The following nomenclature is used in this Appendix. Lep = length between taps C andD; ¥t (m)
The terms defined below shall take precedence should M = molecular weight of gas
there be any discrepancy with the referenced material. m = mass flow rate, Ibm/hr\(Kg/h)
a = minimum net flow area, in.? (mm?) M. = molecular weig'ht oNir
ay = actual discharge area, in.? (mm?) M, ¢ = Mach number at préssure tap
a, = meter-bore area, in.* (m?) 1\/;‘2 = molecular weight
C = valve-inlet temperature correction M, = Mach number at pipe entrance
= discharge coefficient, dimensionless Nge = Reynoldsimuimber
Cwp = sonic velocity at pressure tap, ft/sec P = static'pressure, psia (kPa)
" (II-I/.S) . Pp = base pressure, psia (kPa)
¢ = Crmczfﬂ ﬂovy fun.ctlon P, =¢barometric pressure, psia (kPa)
D = Fest rig 1n§1de diameter, ft (m) o P2 flow-rating pressure, psia (kPa)
= internal diameter of meter run pipe, in. Py = static pressure at the meter calorimeter,
(m) . ) psia (kPa)
d = mfet.er-bore diameter, in. (m) . P, = back pressure, psig (kPag)
dy = mlmml_lm holde?" bore diameter, in. (mm) P; = meter inlet stagnation pressure, psia
= bore diameter, in. (mm) (kPa)
d, = diameter of orifice plate, in. (mm) P.: = set pressure, psig (kPag)
ds = S(-eat diameter, mn. (mm) Pepa = pressure at tap A, psia (kPa)
E= plpe-roug}.ln.ess, 1n. (mm). . Pu.pg = pressure at tap B, psia (kPa)
f = fanning friction factor, dimensionless Pupc = pressure at tap C, psia (kPa)
F, = area factor for thermal expansionydimen- Pepp = pressure at tap D, psia (kPa)
sionless ) N 2 P; = pressure at pipe entrance, psia (kPa)
G = mass Ye10c1t¥, lbm-/ft -seg.(kg/m"-s) ) Q = relieving capacity of water at reference
= specific gravity with respect to dry air, condition, U.S. gallons per minute
M/Ma _ (gpm) (L/min)
h,, = differential pressure at the meter, in. q, = volumetric rate at base condition at the
water (mm water) meter, cfm (m®/min)
K= ﬂovg coefficient q- = valve capacity at reference inlet tempera-
= 7 ture, cfm (m>/min)
Vi=/4 R = gas constant, ft-Ibf/lbm-°R (kPa/kgK)
k = ratio of specific heats = 1,545.4/M (8.3143/M)
Ka.p 5 Tesistance factor between pressure taps A Rp = Reynolds number referred to internal
and B diameter of meter run pipe, D
Kg.¢* = resistance factor between pressure taps B Ry = throat Reynolds number
and C Sy = specific gravity (ideal)
Kp.p = resistance factor between pressure taps B T = temperature, °R (K)
and D = fluid temperature, °F (°C)
Kc.p = resistance factor between pressure taps C t = length of test, min
and D Tp = base temperature, °F (°C)
K, = trial flow coefficient T, = base temperature, absolute, °R (K)
Kpipe B-c = pipe resistance factor between pressure Tear = fluid temperature at the calorimeter,

taps B and C without the rupture disk

davica
G CvTCe

OF (OC)

fluid temperature at the test drum calori-

73

meter, °F (°C)
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fluid temperature at the meter calori-
meter, °F (°C)

beta ratio
= d/D

T:
Vact
Vact, drum

Vact, meter

Vref =

Vref, drum
Vref, meter
Vtap

w

w
We

Wcal, drum

Wcal, meter

Wql
Wdc

Wdr =

Wy,

fluid temperature at the meter, °F (°C)
temperature upstream of the meter,
OF (OC)

base temperature, °R (K)

reference temperature at the valve inlet,
absolute, °R (K)

meter inlet stagnation temperature, abso-
lute, °R (K)

= temperature at pressure tap, °R (K)

fluid temperature, °F (°C)

temperature at the valve inlet, absolute,
°R (K)

temperature at pipe entrance, °R (K)
specific volume, ft*/Ibm (m?/kg)
specific volume at inlet conditions,
ft*/lbm (m3/kg)

specific volume at inlet conditions,
ft*/lbm (m3/kg)

specific volume at flowing conditions at
the meter, ft*/Ibm (m>/kg)

specific volume at reference condition,
ft>/lbm (m3/kg)

specific volume at reference condition,
ft*/lbm (m3/kg)

specific volume at reference conditions at
the meter, ft*/Ibm (m>/kg)

specific volume at pressure tap, ft>/lbm
(m*/kg)

measured relieving capacity, lbm,/séc
(ke/s)

mass of water or condensate, Ibm*(kg)
measured relieving capacityadjusted to
the reference condition, lbm/hr (kg/h)
test-drum calorimeter flow adjusted to
the reference conditien, lbm/hr (kg/h)
meter calorimeter‘flow adjusted to the
reference condition, lbm/hr (kg/h)
condenser leakage, Ibm/hr (kg/h)
test-drum-.calorimeter flow, lbm/hr
(ke/h)

test=drim drainage, lbm/hr (kg/h)
flowrate, Ibm/hr (kg/h)

measured relieving capacity adjusted to
the reference condition, lbm/hr (kg/h)
meter calorimeter flow, lbm/hr (kg/h)
relieving capacity adjusted to water at
reference condition, lbm/hr (kg/h)

trial flow rate, lbm/hr (kg/h)

= valve-steam leakage, lbm/hr (kg/h)

= expansion factor

= expansion factor at pressure tap

= compressibility factor as defined in the

p = fluid density, Ibm/ft> (kg/m")

Pact = density of water at inlet conditions,
Ibm/ft* (kg/m?)
pp = densityatbase temperature and pressure,
Ibm/ft* (kg/m?)
pm = fluid density at meter inlet, Ibm/ft3
(kg/m?)
Prer = density of water at reference condition,
Ibm/ft* (kg/m?)
ps = density of dry air at 14.696 psia (101.33

kPa) and at the base temperature, Ibm/ft>
(kg/m®)

Psta = density of dry air at14:696 psia (101.33
kPa) and referencétemperature, lbm/ft*

(kg/m?)

u = viscosity, Ibm/ft-sec (kg/m-s)
= viscosity-0f air at Tz and Pp, centipoise
AP = differential pressure head across meter,
in. water (mm water)
AP, g = diffefential pressure between taps A and
B, psia (kPa)
APy =/differential pressure between taps B and
C, psia (kPa)
AP p = differential pressure between taps C and

D, psia (kPa)

V-1.6 SI (METRIC) UNITS AND CONVERSION
FACTORS

See Tables V-1.6-1 and V-1.6-2.

ARTICLE V-2
CAPACITY AND FLOW RESISTANCE TESTING

V-2.1 GUIDING PRINCIPLES

V-2.1.1 Items on Which Agreement Shall Be
Reached

The parties to the test shall reach agreement on the
following items prior to conducting the test:

(a) object of the test

(b) parties to the test

(c) test site

(d) testing fluid reference condition at flow-rating
pressure

(e) methods of measurement, instrumentation, and
equipment to be used (calibration of instruments shall
be in accordance with V-2.1.7)

(f) number, size, type, condition, source, set pressure,
and expected relieving capacity of the devices to he tested

equation of state, Pv = ZRT
base compressibility factor
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(g) person who shall supervise the test
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Table V-1.6-1
Sl (Metric) Units

Quantity Unit Symbol Other Units or Limitations
Space and Time
Plane angle radian rad degree (decimalized)
Length meter m
Area square meter m?
Volume cubic meter m? liter (L) for fluids only (use without prefix)
Time second s minute (min), hour (h), day, week, and §ear (y)
Periodic and Related Phenomena
Frequency hertz Hz hertz = cycle per second
Rotational speed radian per second rad/s revolutions per minute (rpm)
Fluence nvt
Neutron energy MeV E,
Sound (pressure level) decibel db
Mechanics
Mass kilogram kg
Density kg/m?
Moment of inertia kg-m?
Force newton N
Moment or force (torque) newton-meter N-m
Pressure and stress pascal Pa pascal = newton per square meter
Energy, work joule ] kilowatt-hour (kW-h)
Power watt W
Impact strength joule ]
Section modulus cubic meter m?
Moment of section (second moment of area) m*
Fracture tougheners Pa-y/m Kic
Heat
Temperature (thermodynamic) [Note (1)] kelvin K degree Celsius (°C)
Temperature (other than thermodynamic) tegree Celsius °C kelvin (K)
Linear expansion coefficient K* oct
Quantity of heat joule ]
Heat flow rate watt W
Thermal conductivity W/(m-K) W/(m-°C)
Thermal diffusivity m?/s
Specific heat capacity ]/ (kg-K) J/(kg-°C)
Electricity and Magnetism
Electric current ampere A
Electric potential volt \%
Current density A/m?
Electrical\energy watt w
Maghetization current ampere/meter A/m
Light
[lTumination lux Ix
Wavelength angstrom A

NOTE: (1) Preferred use for temperature and temperature interval is degree Celsius (°C), except for thermodynamic and cryogenic work where
kelvins may be more suitable. For temperature interval, 1K = 1°C exactly.
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Table V-1.6-2

Conversion
Quantity From To Multiplication Factor [Notes (1), (2)]

Plane angle degree rad 1.745329 E-02

Length in. m 2.54 E-02*
ft m 3.048 E-01*
yd m 9.144 E-01*

Area in? m? 6.4516 E-04*
ft? m? 9.29034 E-02*
yd? m? 8.361274 E-01

Volume in? m? 1.638706 E-05
i m? 2.831685 E-02
U.S. gallon m? 3.785412 E-05
Imperial gallon m? 4.546 090 E=03
liter m? 1.0 E-03%

Mass Ib (avoir.) kg 4.535924.E-01
ton (metric) kg 100000 E+03*
ton (short 2,000 lbm) kg 9.071847 E+02

Force kgf N 9.806 65 E+00*
Ibf N 4.448222 E+00

Bending, torque kgf-m N-m 9.806 65 E+00*
Ibf-in. N-m 1.129848 E-01
Ibf-ft N-m 1.355818 E+00

Pressure, stress kgf/m? Pa 9.806 65 E+00*
Ibf/ft? Pa 4.788026 E-01
Ibf/in.? (psi) Pa 6.894757 E+03
kips/in.? Pa 6.894757 E+06
bar Pa 1.0 E-05*
in. water (60°F) Pa 2.4884 E+02

Energy, work Btu ] 1.055056 E+03
ft-1bf ] 1.355818 E+00

Power hp (550 ft-lbf/sec) w 7.456999 E+02

Temperature °C K ty = tc + 273.15
°F K te = (tr + 459.67)/1.8
°R °C tc = (tr - 32)/1.8

Temperature interval 5C K 1.0 E+00*
°F K or °C 5.555556 E-01

Viscosity, dynamic Ibf-sec/ft? Pa-s 4.788026 E+01
Ibm/ft-sec Pa-s 1.488164 E+00

GENERAL NOTE; Amore extensive list of conversion factors between SI (metric) units and U.S. Customary units is given in ASME SI-1 and ASTM

E380.
NOTES:

(1) Thefactors are written as a number greater than 1 and less than 10 with six decimal places. The number is followed by the letter “E” (for
exponent), a plus or minus symbol, and two digits that indicate the power of 10 by which the number must be multiplied to obtain the correct

value. For example, 3.523907 E-02 is 3.523907 x 1072 or 0.03523907.
(2) Factors followed by an asterisk are exact.
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(h) the written test procedure, which shall include the
observations and readings to be taken and recorded to

V-2.1.7.1 Pressure. Pressure-measuring instruments
shall be calibrated in accordance with ASME PTC 19.2,

comply with the object or objectives of the test

V-2.1.2 Qualification of Person Supervising the
Test

The person who supervises the test shall have a formal
education in thermodynamics and fluid mechanics. In
addition, the person shall have practical experience in
fluid flow measurement and have had experience in
test supervision.

V-2.1.3 Responsibility of Person Supervising the
Test

The person supervising the test shall be present at all
times during the test and shall be solely responsible for
ensuring that all persons who are involved in taking read-
ings, making pressure and temperature adjustments, or
any other function that will affect the test results are
fully informed as to the correct method of performing
such functions. The person supervising the test shall
also be responsible for ensuring that the written test
procedures are followed. The person supervising the
test shall sign and date the test report, thereby verifying
to the best of the person's knowledge that the report is
correctand that the test was conducted in accordance with
the written test procedures. The person supervising the
test shall verify that the instruments have been calibrated
as required by V-2.1.7.

V-2.1.4 Test Apparatus

Procedures and arrangement of the test apparatus shall
be in accordance with V-2.2.

V-2.1.5 Preliminary Tests

Sufficient preliminary testsyshall be conducted to
ensure that test conditions.can‘be attained and that oper-
ating personnel are completely familiar with the test
equipment and their respective assignments. Preliminary
tests shall include the recording of all data necessary to the
completeness ofSan’actual test.

V-2.1.6 Spare Instruments

If intenhded for use as replacements during the test,
spare instruments shall be calibrated in accordance
with 'V-2.1.7.

V-2.1.7 Calibration of Instruments

Each instrument used during the test shall be serialized
or otherwise positively identified. Each instrument,
depending on the type, shall be calibrated in accordance

before and after any test or series of tests, but in no
case shall a period of greater than 10 days elapse
between pretest calibration and post-test calibration
check. Calibration of other means of indicating or
recording pressure shall be agreed upon by the interested
parties.

V-2.1.7.2 Temperature. Temperature-measuring
instruments shall be calibrated in accordance with
ASME PTC 19.3. Instruments of the types listed in
V-2.2.2.2(a), except bimetallic thermometers, shall be cali-
brated against at least two temperattires within a 90-day
period preceding the test or series of tests. Bimetallic ther-
mometers shall be calibrated béfore and after each test or
series of tests. Calibration of‘other means of indicating or
recording temperature shall.be agreed upon by the inter-
ested parties.

V-2.1.7.3 Lift Indicators and Recorders. Since these
instruments age usually subjected to some shock in the
course of tests under this Appendix, their accuracy
shall be checked before and after each test or series of
tests.

V-2:1.7.4 Weighing Scales. Scales used in test proce-
dures for weighted condensate or gravimetric methods
shall have a minimum value of the indicating element
equal to or less than 0.25% of the expected load. Weighing
scales used in tests conducted under this Appendix shall
be calibrated at sufficient points to ensure their accuracy
within their range of intended usage at least once within a
90-day period preceding a test or series of tests.

V-2.1.7.5 Steam Calorimeters. Methods of calibrating
steam calorimeters are given in ASME PTC 19.11. The
calorimeters shall be calibrated separately with steam
at the time of their installation and at regular intervals
not exceeding 1 yr. Further calibrations shall be
carried out if results indicate an obvious error in their
readings or if their installation is altered.

V-2.1.8 Metering Sections

The calibration of any type of flow meter (see V-2.2.2)
shall include the actual piping and all fittings both
upstream and downstream of the meter (see ASME
PTC 19.5), including control valves, test vessels, and
vessel-to-test device adapters. Such calibration shall be
by means of measuring the flow rate through a test
device with a known coefficient of discharge upon comple-
tion of the initial installation or construction and prior to
the performance of any formal test. Agreement with the
coefficient of the test object shall be within +2%.

The initial calibration shall include runs at the smallest,

with V-Z.1.7.1 through V-Z.1.7.5. Records ol pertinent
instrument calibrations shall be available for review by
the interested parties.
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ftermediate; and highest ffow rates compatibte withr the
comparison installation. Adapter fittings for test devices
having different types of inlet connections shall be
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calibrated by laboratory personnel at the time of their
manufacture or purchase. In addition, the meter installa-

Step 6. Using again the adiabatic ideal-gas integration
model of Step 2, calculate the pressure at tap A using the

tion shall undergo a calibration check as described above
at least once within each 1-yr period. These calibration
checks shall include runs with at least two sizes of adap-
ters. Records of calibrations shall be maintained and avail-
able for review by the interested parties. Modifications to
the equipment shall be evaluated for the effect they may
have on the system calibration, and new calibrations shall
be performed if deemed necessary.

V-2.1.9 Flow Resistance Test Rigs

The calibration of any type of test rig (see V-2.2.9.1)
shall include the actual piping and all fittings downstream
of the test vessel (see Figure V-2.1.9-1). Calibration shall
be conducted upon completion of the initial installation or
construction and prior to the performance of any formal
test and repeated at least once every 5 yr. Records of cali-
bration shall be maintained and available for review by the
interested parties. Modifications to the equipment shall be
evaluated for the effect they have on the test rig, and new
calibrations shall be performed if deemed necessary. The
calibration shall be conducted per V-2.1.9.1 and V-2.1.9.2.

V-2.1.9.1 Measured Flow Resistance

With no test device installed, conduct three flow resis-
tance tests at the smallest, intermediate, and highest test
pressures compatible with the test rig. The measured flow
resistance, Kp;, for each test shall be 0 = 0.075.

V-2.1.9.2 Pressure Tap Profile Comparison

With no test device installed, conduct a flow testat an
intermediate test pressure; see the following-steps:

Step 1. With the data from the flow test; calculate the
average friction factor for the length of pipe between taps
A-B and C-D.

Step 2. Using the Lapple (1943).4nd Levenspiel (1977)
model of the adiabaticideal-gasintegration of the mechan-
ical energy (or momentumj:balance for adiabatic flow
from an ideal nozzle on a large reservoir, through an
equivalent length of pipe, to a second large reservoir
(or to the atmosphere), calculate the equivalent pipe
length to tap A using the measured flow rate, the
average friction factor from Step 1, and the measured
pressure at'tap’A.

Step 34 Subtract the actual pipe length from the test rig
entrange to tap A from the equivalent pipe length from
Step{2-to determine a nozzle equivalent length.

Step 4. Repeat Steps 2 and 3 for taps B through D.

Step 5. Calculate the average nozzle equivalent length
using the values determined in Steps 1 through 4. This
average nozzle equivalent length is used to compensate
for the actual pressure loss up to the test rig entrance.

measured flow rate, average friction factor, and average
nozzle equivalent length from Step 5 and actual pipe
length for tap A.

Step 7. Repeat Step 6 for taps B through D.

Step 8. Calculate the difference between the measured
pressure and the calculated pressure from Step 7 at each of;
the four pressure taps. The difference at each tap shall-be
within +6.0% of the calculated pressure.

Nonmandatory Appendix E presents an example-using
the pressure tap profile comparison procedure to cali-
brate a flow resistance test rig.

V-2.1.10 Adjustments During Tests

No adjustment to the pressureelief device shall be
made while readings are being taken. Following any
change or deviation of the\tést conditions, a sufficient
period of time shall be allowed to permit the rate of
flow, temperature, and pressure to reach stable conditions
before readings are_taken.

V-2.1.11 Records and Test Results

The-test records shall include all observations,
measuréments, instrument readings, and instrument cali-
bration records (if required) used in the test. Original test
records shall remain in the custody of the facility that
conducted the test for a period not fewer than 5 yr.
Copies of all test records shall be furnished to each of
the parties to the test. Corrections and corrected
values shall be entered separately in the test record.
The test shall be reported in accordance with V-2.4.

V-2.1.12 Measurement Uncertainty

A post-test uncertainty analysis shall be performed to
determine that the limits of uncertainty of the final flow
measurement specified in V-1.1 were met. A pretest deter-
mination may be performed to determine that the limits of
uncertainty of the final flow measurement specified in
V-1.1 can be met by the specified instrument and proce-
dures. A guide for such determination is given in ASME
PTC 19.1. These determinations shall be documented
by the laboratory and available for review.

V-2.2 INSTRUMENTS AND METHODS OF
MEASUREMENTS
V-2.2.1 General

Subarticle V-2.2 describes the instruments, methods,
procedures, and precautions that shall be used in
testing pressure relief devices under this Appendix.
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and Apparatus provide authoritative general information
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Figure V-2.1.9-1
Recommended Arrangements for Testing Flow Resistance of Non-reclosing Pressure Relief Devices

Test Rig Without
Straightening Vanes Standard bore
schedule 40 clean

T E E commercial pipe
15 pipe

diameters i i
L Pressure Tap Detail
Pressure |
tap D A ¢
; Min:"2.5A
30 pipe L
dign’ieters A 7| recommended 5A
Pressure W T
tap C j
Test. [Note (1)]
device y
-
12 pipe diameters
Size of A A
£ Pipe, Not Exceeding, Not Less Than,
* g in. (mm) in. (mm) in. (mm)
2 pipe diam. . 2 (50) 114 (6) 1/ (3)
\ L 2-3 (80-75) 3/g (10) 1/ (3)
f Pressure 4-8/(#00-200) 15 (13) 1/ (3)
tap B 108250) and greater  3/4 (19) 1/ (3)
30_pipe - -
diameters

Pressure Test Rig With

tap A Remainder of test rig Flow Straighteners
to be configured same ﬁ
as the test rig without Pressure —~—_
straightening vanes tap A
60 pipe f B
diameters —— .
2§.plpet e Straightening
iameters ) / vanes
y ¥

\
Temperature 2 pipe diam. min. '

A

Pressure ' W _____ 2 _piieijia_m. ' W 2 ﬁ
\ ‘@E@‘
D1 —L—> 2DA1

Test vessel
(see Figure V-2.2.2.3-1)
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Figure V-2.1.9-1
Recommended Arrangements for Testing Flow Resistance of Non-reclosing Pressure Relief Devices (Cont’d)

NOTE: (1) Theedge ofhole shall be clean and sharp or slightly rounded and free from burrs, wire edges, or other irregularities. In no case shall any

fitting protrude inside the pipe.

concerning instruments and their use and may be
consulted for such information.

V-2.2.2 Fluid Conditions, Test Conditions, and
Instrumentation

V-2.2.2.1 Atmospheric Pressure. Barometric pressure
shall be measured with a barometer (see ASME PTC 19.2).
In calculations involving the capacity of pressure relief
devices having a flow-rating pressure of 20 psig (150
kPa) or higher, the use of the mean barometric pressure
at the test site satisfies the accuracy requirements of this
Appendix. In such cases, the recorded pressure may be the
mean barometric pressure.

V-2.2.2.2 Temperature. Instructions on thermometers
or thermocouples and associated instruments are given in
ASME PTC 19.3, except that commercial, metal-encased
thermometers shall not be used in tests conducted
under this Appendix. Other means of temperature
measurement and indication may be used, provided
they are of the same or greater degree of accuracy as
those described therein.

(a) Depending on operating conditions, or conveni-
ence, the temperature may be measured with certified
or calibrated liquid-in-glass thermometers, bimetallic
thermometers, resistance-type thermometers{orthermo-
couples. All of the above may be inserted directly into the
pipe or wells except for liquid-in-glass’thermometers,
which shall be inserted into wells. The installation of
the temperature-measuring device directly into the
pipe, without the addition of\a-well, is desirable for
temperatures below 300°E-(350°C).

(b) The following precautions shall be taken when
making any temperatire measurements:

(1) No significant’ quantity of heat shall be trans-
ferred by radiation;ot conduction to or from the tempera-
ture-measuring,device other than by the temperature of
the medium being observed (see ASME PTC 19.3).

(2).“The immediate vicinity of the point of insertion
and the-external projecting parts shall be insulated.

{3) The temperature-measuring device shall extend
across the centerline in pipes of small diameter or shall be
inserted at least 6 in. (150 mm) into the fluid stream in
pipes over 12 in. (300 mm) in diameter.

(4) Temperature-measuring devices installed in

exceed 100 ft/sec (30 m/s). Where such an installation
isnot possible, it may be necessary to correct the tempera-
ture readings to the appropriate static or total tempera-
ture (see ASME PTC 19.5).

(5) The temperature-measuring devices shall be
inserted in locations so as to measugéitemperatures
that are representative of the flowing medium as
described under test arrangements.

(c) When measuring temperatures with a mercury-in-
glass thermometer, the instrument shall have an etched
stem. When the measured\temperature differs from the
ambient by more than.10°F (5°C), and the mercury is
exposed, an emergent stem correction shall be made
(see ASME PTC.49\3) or an appropriate emergent-stem
thermometer-used.

(d) Thermometer wells, when used, shall be of the type
shown in"ASME PTC 19.3. They shall be as thin-walled and
of as small a diameter as practicable; their outer surfaces
shall’be substantially free from corrosion or foreign
matter. The well shall be filled with a suitable fluid.
Mercury should not be used for this fluid since its very
low vapor pressure presents a serious health hazard to
personnel. However, if mercury is used for this
purpose, suitable precautions shall be taken.

(e) Thermocouples, if used, shall have a welded hot
junction and shall be calibrated together with their exten-
sion wires over the anticipated operating range. They shall
be constructed of materials suitable for the temperature
and fluid being measured. The electromotive force of a
thermocouple shall be measured by a potentiometer
instrument or millivoltmeter of such precision that the
accuracy of the overall system is within the limit specified
in V-1.3. The cold junction shall be established by an ice
bath, reference standard, or by a compensating circuit
built into the potentiometer.

V-2.2.2.3 Pressure Measurements. Instructions on
pressure gages, differential gages, and manometers are
given in ASME PTC 19.2. Other means of pressure
measurements and indication may be used provided
they are of the same or lesser degree of uncertainty as
those described therein.

(a) Pressure-measuring stations shall be located in the
region where the flow is essentially parallel to the pipe or
vessel wall. For the measurement of static gage-pressure
differentials below 15 psi (100 kPa), liquid manometers

pipes carrying r‘nmprnccih]r—\ fluids shall wherever
possible, be installed at locations where the maximum
fluid velocity during any flow measurement does not
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Figure V-2.2.2.3-1
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure — Flowmeter Test Arrangement

22D 2D

Lift indicator \
Test device
Temperature \

10D _ 23D Pressure
relief Pressure ~ Temperature
Temperature device
Control —>|1Dto 5D |=—
valve \ %Pressure Temperature
— < R - \_
. * t T : Dyr= = Steam
— i — ! i i 2D calorimeter
L t r_b \l\ Vessel
D
Flowmeter Baffl /—Gage glass
Bypass Tem atrie ;
perature
Optional location Yol Drain
Flow for control valve
straighteners Steam
calorimeter

(b) The test vessel pressure shall be the static pressure
as measured with a pressure tap positioned, as shown in
Figure V-2.2.2.3-1.

(c) Backpressure shall be the static pressure measured
with a pressure tap positioned, five pipe diameters from
the valve outlet.

(d) Proper corrections to the pressure readings shallbe
made if there is a height of water or other liquid betveen
the point at which the pressure is to be measured and the
pressure instrument.

V-2.2.2.4 Flow Measurement

(a) This paragraph provides for(the measurement of
pressure relief device capacity by ‘use of the following
methods:

(1) subsonic-inferential meters, including orifice
plate, flow nozzle, and-venturi

(2) sonic-inferential meters, including choked
nozzles

(3) directVelumetric or gravimetric measurement of
collected condgnsate or discharge

(b) To measure pressure relief device capacity, the
following methods shall be used:

(1) steam flow, with atmospheric back pressure
method (a)(1) or (3) herein

(2) steam flow, with back pressure above atmo-
spheric method (a)(1) herein

(3) gas or air flow, with atmospheric back pressure
method (a)(1) or (2) herein

(4) gas or air flow, with back pressure above atmo-

spheric method (23(1) herein
1 (S Aw

(6) liquid flow, with back pressure above atmo-
spheric method (a)(1) herein

NOTE:Itis not the intent of this Appendix to exclude pressure-
rélief-device testing at back pressures above atmospheric
Wwherein capacity is measured by means of a sonic-inferential
meter. However, due to the high degree of pressure drop
through this type of meter, such testing would probably be
impractical.

(c) Instruction on Primary Elements. Instructions on
primary elements are given in ASME PTC 19.5. Other
means of capacity determinations may be used [see
V-2.2.3.1(c)], provided they are of the same or greater
degree of accuracy as those outlined therein.

(1) The primary element shall be located upstream
of the test pressure relief device inlet. A recommended
installation arrangement is shown in
Figure V-2.2.2.3-1. The ratio of orifice plates to internal
pipe diameter shall be between 0.2 and 0.7. The
primary element shall be inspected and known to be
clean and free of damage prior to the test period.

(2) The differential pressure across the primary
element and temperature of the fluid shall be measured.
The precautions of V-2.2.2.2 shall apply to the measure-
ment of temperature and those of V-2.2.2.3 to the
measurement of pressure.

(3) There shall be sufficient length of straight pipe
ahead of the primary element to secure a fairly uniform
velocity profile in the approaching stream (see ASME PTC
19.5). To ensure reliable pressure measurement, there
shall also be a sufficient length of straight pipe of the
same nominal size as the inlet on the outlet side of the
primary element

(5) liquid flow, with atmospheric back pressure
method (a)(1) or (3) herein
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(4) The flow during capacity measurements shall be
steady state, and differential pressure devices shall not

V-2.2.2.7 Reference Conditions. Reference conditions
shall be within the stated limits in (a) through (c). If refer-

show total pulsations (double amplitude) greater than
2% of the differential pressure being measured. Any
greater pulsation in the flow shall be corrected at its
source; attempts to reduce pulsations at the instrument
are not permissible.

(5) Precautions shall be taken to avoid the use of
excessively wet steam, which usually results in unstable
conditions. When testing with steam, throttling calori-
meters shall be used (see V-2.2.2.6).

(6) ASME PTC 19.5 provides detailed information
relative to most of the flow techniques and flow elements
recommended for this Appendix. The equations for the
calculation of discharge coefficients for orifices, flow
nozzles, and venturi meters contained in that document
shall be used.

These equations are valid for uncalibrated nozzles
constructed in strictaccordance with ASME PTC 19.5. Cali-
brated nozzles may be used to give additional accuracy.

V-2.2.2.5 Valve-Lift Measurements

(a) The lift of the valve disk, under flowing conditions,
shall be determined by suitable means to whatever degree
of accuracy is imposed by the procedure under which the
valve is being tested.

(b) In open- or vented-bonnet designs, when the top of
the spindle may be exposed during the tests, a dial indi-
cator of appropriate range may be attached to the top of
the valve to indicate the movement of the spindle. In
closed-bonnet valves where the top of the spindle
cannot be exposed, arrangements shall be made to
permit indicating, reading, or recording spindle move-
ment outside the valve bonnet or cap. In:€ither case,
care shall be exercised that the arrangement does not
impose an additional load on the valve spindle or interfere
with the operation of the valve.

Possible misreading of lift indi¢aters may occur under
conditions of testing valves with steam with superim-
posed back pressure (see-V:2.2.6). When introducing
steam into the back-pressure portion of the valve, the
temperature of the steam may cause thermal expansion
of the valve parts, producing an erroneous initial reading
on the lift indicator. When extreme accuracy in results is
desired, measupes shall be taken to distinguish between
this thermal expansion and actual valve lift.

V-2,2.2°6 Steam Quality. Quality of steam flowing
shall’/be measured by means of throttling calorimeters,
installed in the test vessel nozzle, with the tube extending
to the test device centerline. Alternatively, the steam-
sampling tube may be installed directly on the vessel,
provided that the tube extends into the flow path directly

lower than the horizontal centerline of the test vessel.
Instructions for their use are given in ASME PTC 19.11.
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ence conditions are not within these limits, then no correc-
tions from actual test conditions may be applied and no
corrections shall be made from actual test pressure.

(a) Steam. The reference condition shall be dry satu-
rated steam, and the condition of the steam during test
at the device inlet shall be within limits of 98%
minimum quality and 20°F (10°C) maximum superhgat.

(b) Water. The reference condition of water shdllbe
between 65°F (20°C) and 75°F (25°C), and the tempera-
ture limit of water during test at the device inlet shall be
between 40°F (5°C) and 125°F (50°C).

(c) Airand Other Gases. The reference-condition ofair or
other gases shall be between 55°F (L0°Cyand 75°F (25°C),
and the temperature limit of air or othér gases during test
at the device inlet shall be betwéen0 °F (-20°C) and 200°F
(90°C).

V-2.2.2.8 Specific Gravity. The specific gravity of the
fluid, other than air or|water, used for the test shall be
determined in acecordance with ASTM D1070 or ASTM
D1298.

NOTE: In someé$pecial cases, it may be a requirement that tests
be conducted en liquids outside the range of these specifications.
In theséetcases, agreement shall be reached on the method of
specific_gravity (density-specific volume) determination.

V-2.2.2.9 Chemical Composition. If the physical prop-
erties of the fluid are in doubt [see V-1.2(a)], they shall be
determined by physical tests or from chemical analysis.

V-2.2.2.10 General Features of Tests. The proper
number and size of pressure relief devices to be tested
shall be provided at the test site. There shall be assurance
that the pressure relief devices are properly assembled
with components that meet the design specification re-
quirements. The pressure relief device shall be clean
and ready for test.

The pressure relief device to be tested shall be installed
with adapter fittings (flanged, screwed, welded, etc.)
directly on a test vessel (see Figure V-2.2.2.10-1 for ac-
ceptable contours). Other adapter fittings may be used
provided the accuracy of the test is not affected. The
diameter and volume of the test vessel should be large
enough to obtain an accurate static pressure measure-
ment and an accurate determination of the operational
characteristics of the pressure relief device to be
tested. Operating conditions shall be maintained in accor-
dance with the requirements of the procedure used (see
V-2.2.3 through V-2.2.9). The duration of the test shall be
that required to obtain the necessary performance and
capacity data under stable conditions.

(a) For testing with atmospheric back pressure before

below the centerline of the device inlet nozzle and not discharging, the test arrangement shall provide discharge

from the pressure relief device directly to the atmosphere
or condenser (see Figures V-2.2.2.10-1 through
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V-2.2.2.10-3).If discharge piping is used, it shall be at least
the same size as the pressure relief device outlet. This pipe

within +1% or +0.5 psi (4 kPa), whichever is greater, of the
average value. Ifthe parties to the testagree, an alternative

shall be supported independently of the pressure relief
device and in such a way as to not affect the operation
of the pressure relief device. Precautions shall be
taken to ensure that the pressure relief device and
discharge piping are adequately secured to resist the
resultant forces generated by the discharge.

(b) For testing with superimposed back pressure
before discharging, the test arrangement shall provide
a means for introducing and maintaining back pressure
on the test pressure relief device outlet (see
Figure V-2.2.2.10-4). The discharge pipe shall have at
least the same nominal size as the pressure relief
device outlet and shall discharge into a system of sufficient
size to allow satisfactory back-pressure control. A control
pressure relief device shall be provided to regulate the
building up and maintaining of any desired back pressure
while the pressure relief device is discharging.

The remainder of V-2.2 is divided into seven parts
according to the back pressure, fluid used, and type of
device tested. The first three parts for tests with atmo-
spheric back pressure before discharging are: steam
(see V-2.2.3); gases, including air (see V-2.2.4); and
liquids (see V-2.2.5). The second three parts for test
with superimposed back pressure before discharging
are: steam (see V-2.2.6); gases, including air (see
V-2.2.7); and liquids (see V-2.2.8). The last part (see
V-2.2.9) concerns testing rupture disks to determine resis-
tance factors.

(c) Tests of non-reclosing pressure relief deviCes in
combination with pressure relief valvessshall be
conducted in accordance with V-2.2.3 through V-2.2.8
(see Figure V-2.2.2.10-5).

V-2.2.2.11 Establishing Set Pressure and Blowdown

(a) Increase the pressure at the-device inlet. During the
pressure interval starting at 90% of the expected set pres-
sure, the rate of pressure increase shall not exceed 2.0 psi/
sec (15 kPa/s) or whatever lesser rate of increase is nec-
essary for the accurate-teading of the pressure. Observe
and record the set'pressure of the device and any other
desired or pertinent characteristics.

(b) For reclosing pressure relief devices, continue
increasifngjthe pressure at the device inlet until the
device\remains open. Observe the action of the device.
Gradually decrease the inlet pressure until the device
closes. Record the reseating pressure of the device.
Observe the action of the device.

(c) Forreclosing pressure relief devices, repeat (a) and
(b) herein until the set pressure is established and stabi-
lized.

(d) Set pressure is established by computing the

criteria of stability may be used.

(e) Blowdown is established by computing the average
of the individual blowdowns of those tests used to deter-
mine set pressure in (d) herein.

V-2.2.3 Testing With Steam, Pressure Relief Device
Discharging to Atmospheric Pressure

V-2.2.3.1 Test Arrangements

(a) Flowmeter Method. Figure V-2.2.2.3=1illustrates the
use of a flowmeter together with its assogiated instrumen-
tation. The use of calorimeters af\the pressure relief
devices inlet and primary element is mandatory;
however, the thermometersiat’the primary element
and test vessel may be gmitted. Provisions shall be
made for collecting and measuring the condensate accu-
mulating in the test.vessel during a test run.

(b) Weighed Conderisate. Figure V-2.2.2.10-2 illustrates
the weighed-condensate method of test, including the
condenser and dssociated instrumentation. The use of
a calorimeter at the device inlet is mandatory.

NOTE Af the test pressure relief device is of the open- or vented-
bonnet design, this test arrangement will not measure all the
stéam passing through the pressure relief device. A loss may
oecur due to steam leakage around the spindle and through
drains. Therefore, the capacity results obtained by test will
be less than the actual device capacity. When considered nec-
essary by the interested parties, agreement shall be reached as to
the method used for determining the rate of this steam leakage.

(c) Alternative Arrangements. Test arrangements other
than those described in (a) and (b) may be used ifagreed to
by all interested parties, provided the uncertainty of the
final results is within +2.0% (see V-1.3).

V-2.2.3.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus and that primary element reservoirs
are filled, properly cooled, and initially vented.

V-2.2.3.3 Barometric Pressure. Record the barometric
pressure (see V-2.2.2.1).

V-2.2.3.4 Details of Procedure for Flow Measurement
of Devices Using the Flowmeter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.

(b) Establish and maintain the flow-rating pressure
until flow instruments indicate stable condition.

(c) Close test-drum drain, and establish and record or

mark starting condensate level in gage glass.
(ﬂ) Record the Fn]]nxnring-

£orl el o1 + 41 A | 1 Cot
davill GSC UlrdtlITastUIT Iast LI IrnTasuIrItu vairucs. JCtu }Jl TS
sure is considered stable when the measured values show
no significant upward or downward trend whereby all are
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(1) device-inlet pressure
(2) device-inlet calorimeter discharge temperature
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(3) device-disk lift, as applicable (f) Record length of run and times of recording data as
(4) flowmeter static pressure measured by stopwatch, electric synchronous clock with
(5) flowmeter differential pressure second hand, or other appropriate means.
(6) flowmeter calorimeter discharge temperature (g) Determine test vessel condensate by weight or
(e) Maintain stable conditions, and read and record volume measure, and record.
data in same sequence for period of run as agreed upon. (h) Decrease inlet pressure slowly, and again record

reseating pressure of a reclosing pressure relief device.

Figure V-2.2.2.10-1
Recommended Internal Contours of Nozzles, Fittings, Adapters, and Reducers Between Test Vessel‘and Test Device

o o]
/R

<
\ 4»1
«—— Dp—> «——— Dy

(a) [Note (1)] (b) [Note (2)]
<—— Dg—> <— Dg—>
| |
\ \
R
o Ra
/\ X l/
e,
| Dp »>| —— Dpy—>
(c) [Note (3)] (d) [Note (4)]

GENERAL NOTE: In ne case shall the size of the fitting exceed the size of the connection on the test vessel.

NOTES:
(1) If Dg 2.0.75D,, then Ry = 0.25D,4.

If Dg.=<.0.:75D,, then R = 0.25Dp.
(2) If.x=30 deg and Dg < 0.75D,, break all edges.
(3)-X a> 30 deg and Dg < 0.75D,, then R = 0.25Dp.
(4)_If @ < 30 deg and Dg = 0.75D,, then R4 = 0.25D,.
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Figure V-2.2.2.10-2
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure —

Weighed-Condensate Test Arrangement
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Figure V-2.2.2.10-3
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure —
Weighed-Water Test Arrangement
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Figure V-2.2.2.10-4

Recommended Discharge Arrangement for Testing Devices With Superimposed Back Pressure
Pressure
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Figure V-2.2.2.10-5
Recommended Arrangement for Testing Non-reclosing Pressure Relief Devices in Combination
With Pressure, Rélief Valves
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V-2.2.3.5 Details of Procedure for Flow Measurement
of Devices Using the Weighed-Condensate Method

(2) inlet temperature
(3) differential pressure

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.

(b) Establish and maintain flow-rating pressure until
flow instruments indicate stable condition.

(c) Establish condenser hot-well level.

(d) Record the following:

(1) device-inlet pressure
(2) device-inlet calorimeter discharge temperature
(3) device-disk lift, as applicable

(e) Maintain stable conditions, and read and record
data in same sequence for period of run as agreed upon.

(f) Record length of run and times of recording data as
measured by stopwatch, electric synchronous clock with
second hand, or other appropriate means.

(g) Reestablish condenser hot-well level, and accu-
rately determine and record amount (volume or
weight) of condensate formed in condensers during run.

(h) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.3.6 Observation of the Device Mechanical
Characteristics. During the flowmeter and weighed-
condensate methods of test, the mechanical characteris-
tics shall be observed by hearing, feeling, or seeing and
recorded during the flow test. If the valve chatters, flutters,
or does not reseat (as designed) satisfactorily, such action
shall be recorded. Upon agreement of all interested
parties, the device may be readjusted or repaired.and
retested.

V-2.2.3.7 Recording Additional Data. Duriiigthe flow-
meter or weighed-condensate methods of tést, it may be
desirable or a requirement to record pressure other than,
or in addition to, those listed in V-2:2.3.4 or V-2.2.3.5.
Where possible, such recorded pressures shall be identi-
fied in accordance with V-1.6. With closed discharge
systems, such as V-2.2.3.1(b), it is not possible to
observe or record some characteristic pressures.

V-2.2.4 Testing With Gas or Air, Pressure Relief
Device.Discharging to Atmospheric
Pressure

V-2.2.4.1-Test Arrangement. A recommended test
arrangement is shown in the flowmeter test arrangement,
Figure)V-2.2.2.3-1. The primary element shall be either a
siibsonic-inferential meter [see V-2.2.2.4(a)(1)] orasonic-
inferential meter [see V-2.2.2.4(a)(2)].

Instrumentation for each type of meter is listed in the
following subparagraphs. The test pressure relief device
discharge may be provided as shown in Figure V-2.2.2.3-1.
See V-2.2.2.10(a) for long discharge connections.

(n) Cuhcnnif‘-lnfpronﬁnl Meters. Measurements asso-

(b) Sonic-Inferential Meters. Measurements associated
with sonic-inferential meters are
(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperature

V-2.2.4.2 Preliminary Device Tests. Preliminary tests
may be permitted for testing and adjusting operation of
the test apparatus and/or device being tested (see
V-2.1.5). Such tests may be necessary to.eénsure the
absence of leaks in the test apparatus.

V-2.2.4.3 Barometric Pressure. Recordthe barometric
pressure (see V-2.2.2.1).

V-2.2.4.4 Details of Procedurefor Flow Measurement
of Devices Using Subsonic-Inferential-Meter Method

(a) Establish the set'pressure, and blowdown if appli-
cable, in accordance‘with V-2.2.2.11.
(b) Establish and@-maintain flow-rating pressure until
flow instruments)indicate a steady-state condition.
(c) Record-the following:
(1) device-inlet pressure
(2) dévice-inlet temperature
(3) device-disk lift, as applicable
(4) flowmeter-inlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure
(d) Decrease inlet pressure slowly, and again record
reseating pressure of the device.

V-2.2.4.5 Details of Procedure for Flow Measurement
of Devices Using Sonic-Inferential-Meter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until
flow instruments indicate a steady-state condition.
(c) Record the following:
(1) device-inlet pressure
(2) device-inlet temperature
(3) device-disk lift, as applicable
(4) flowmeter-inlet total pressure
(5) flowmeter-inlet total temperature
(d) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.4.6 Observation of the Mechanical Character-
istics. During the subsonic- or sonic-inferential-meter
method of test, the mechanical characteristics shall be
observed by hearing, feeling, or seeing and recorded
during the flow test. If the valve chatters, flutters, or
does not reseat satisfactorily, such action shall be
recorded. Upon agreement of all interested parties, the
valve may he readjusted or repaired and retested. Exces-

ciated with subsonic-inferential meters are
(1) inlet static pressure
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sive and continual chatter could cause mechanical failure
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ofthevalve and thereby create a hazard to personnel in the
test area.

(2) device-disk lift, as applicable
(3) liquid temperature

V-2.2.4.7 Recording Additional Data. During the
subsonic- or sonic-inferential-meter method of test, it
may be desirable or a requirement to record pressures
other than or in addition to those listed in V-2.2.4.4 or
V-2.2.4.5. Where possible, such recorded pressures
shall be identified in accordance with V-1.6.

V-2.2.5 Testing With Liquid, Pressure Relief Device
Discharging to Atmospheric Pressure

V-2.2.5.1 Test Arrangements. The pressure source
may be a pump or an accumulator of liquid in combination
with high-pressure compressed gas. Measures shall be
taken to ensure that pressure pulsations in the system
are reduced to a minimum. The flowmeter test arrange-
ment shown in Figure V-2.2.2.3-1 illustrates a recom-
mended arrangement up to and including the test
pressurerelief device. Figure V-2.2.2.10-3 illustrates arec-
ommended discharge arrangement.

(a) Ifaflowmeter [seeV-2.2.2.4(a)(1)]is used, the asso-
ciated measurements shall include, as a minimum, flow-
meter differential pressure, device-inlet pressure, and
liquid temperature. In this case, the use of a means of
determining the volume or weight of the discharge is
not a requirement.

NOTE: When conducting flowmeter tests involving a pressure
relief device having high inlet pressure and low flow rates, it
may be desirable to install the flowmeter downstream of the
pressurerelief device. Such installations are acceptable providéd
the installation has been calibrated in accordance with V<2,1.8.

(b) Ifaflowmeterisnotused, volumetric or gravimetric
determination of the pressure relief device discharge over
aperiod of time shall be made. Readings of the device-inlet
pressure and liquid temperature shall be made and
recorded. Means shall be provided-for directing the
discharge into and diverting it from the tank used for
measuring purposes.

V-2.2.5.2 Preliminary Tests. Preliminary tests may be
permitted for testing and .adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus-and ensure that all gas or air has been
vented from~the component parts of the system, except
those reférred to in V-2.2.5.1.

V<2.2.5.3 Details of Procedure for Flow Measurement
of Devices Using the Flowmeter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.

(b) Establish and maintain flow-rating pressure until
instruments indicate a steady-state condition

(4) flowmeter differential pressure
(d) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.5.4 Details of Procedure for Flow Measurement
of Devices Using the Volumetric or Gravimetric Method

NOTE: The period of the test is determined by the measured time
the discharge of the device is directed into the tank uséd;for
measuring purposes. Care shall be taken that the pressure at
the device inlet remains stable during this period:

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.

(b) Establish and maintain flow-ratifig pressure until
instruments indicate a steady-staté.condition.

(c) Record the following:

(1) device-inlet pressure
(2) device-disk lift, as.applicable
(3) liquid temperature

(d) Direct valve discharge into measuring tank.

(e) Repeat (c)-herein at specified intervals.

(f) Divert device discharge from measuring tank.

(g9) Recordléngth of runsand times ofrecording data as
measuredby stopwatch, electric synchronous clock with
second-hand, or other appropriate means.

(h)~Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.5.5 Observation of Mechanical Characteristics.
During the flowmeter or volumetric method of test, the
mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted or repaired and retested.

V-2.2.5.6 Recording Additional Data. During the flow-
meter or volumetric method test, it may be desirable or a
requirement to record pressures other than or in addition
to those listed in V-2.2.5.3 and V-2.2.5.4. Where possible,
such recorded pressures shall be identified in accordance
with V-1.6. With closed discharge systems, it is not
possible to observe or record some characteristic pres-
sures.

V-2.2.6 Testing With Steam, With Back Pressure
Above Atmospheric

V-2.2.6.1 Test Arrangements. Recommended test
arrangements are illustrated in Figures V-2.2.2.3-1,
V-2.2.2.10-4, and V-2.2.6.1-1. Capacity determination
shall be made by means of a flowmeter [see
V-2.2.2.4(a)(1)] installed at the upstream side of the

(c) Record the following:
(1) device-inlet pressure
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valve. Figure V-2.2.2.3-1 shows a recommended test
arrangement, up to and including the test valve.
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Figure V-2.2.6.1-1
Recommended Discharge Arrangement for Testing Devices With Built-Up Back Pressure

Lift
indicator
Test device

/— Pressure

/ Control valve

| To atmosphere, .
receiver, or drain

L

See Figure V-2.2.2.3-1 for inlet arrangement

Figures V-2.2.2.10-4 and V-2.2.6.1-1 show discharge
arrangements.

(a) Figure V-2.2.2.10-4 illustrates a recommended test
arrangement for testing with superimposed back pres-
sure. Means are provided for applying back pressure
to the valve prior to the valve reaching its set pressure
[see V-2.2.5.5(b)]. A control valve shall be provided for
controlling the back pressure prior to, during, and
after the opening of the test valve. The piping shall be
so arranged that condensate will not collect in the
piping and a drain shall be provided on the back pressure
vessel.

(b) Figure V-2.2.6.1-1 illustrates a recommended test
arrangement for testing with built-up back pressure.
Required equipment includes a means of controelling
the degree of back pressure built up on the.test valve
after opening and for measuring the statie pressure in
the test-valve discharge.

V-2.2.6.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting.operation of the test
apparatus and the valve beingctested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus and thdt flowmeter reservoirs (meter-
pots) are filled, propeérlycooled, and initially vented.

V-2.2.6.3 Barometric Pressure. Record the barometric
pressure (see (V=2:2.2.1).

V-2.2.674 .Details of Procedure for Flow Measurement

(a)~Atmospheric Back-Pressure Test. Tests may be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1 Test procedure shall be
in accordance with V-2.2.3.4(a) through V-2.2.3.4(h),
performing such portions of the procedure and recording
such data as has been agreed upon.

when the valve is discharging-te*atmosphere. In this case, the
portions of V-2.2.3.4(a) through V-2.2.3.4(h) relating to capacity
determination may be.éliminated.

(b) Back-Pressure Test. Following the atmospheric
back-pressure(test, if performed, install the discharge
arrangement-required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.131"depending on the type of back pressure
desired.

V-2.2.6.5 Testing With Superimposed Back Pressure
[See V-2.2.6.1(a)]

(a) Adjust the back pressure on the valve and the
discharge piping to the required value.

(b) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. The back pressure
shall be maintained as uniformly as possible and recorded
during the tests in V-2.2.2.11(a) and V-2.2.2.11(b).

(c) Establish and maintain flow-rating pressure until
flow instruments and back pressure gage indicate a
steady-state condition.

(d) Close test-drum drain, and establish and record or
mark starting condensate level in a gage glass.

(e) Record the following:

(1) valve-inlet pressure

(2) valve-inlet calorimeter discharge temperature
(3) valve-disk lift

(4) flowmeter static pressure

(5) flowmeter differential pressure

(6) flowmeter calorimeter discharge temperature
(7) back pressure

(f) Reestablish original gage-glass level or new level at
end of run, determine condensate by weight or volume
measurement, and record.

(g) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

(h) In most instances, it is desirable or a requirement
that the valve be tested over a given range of back pres-

NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,

89

sure. In such cases, 1t 1s convenient 1f the value of back
pressure chosen in (c) herein be either the lowest or
highest of this range. Back pressure may then be increased
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or decreased in increments, repeating (c) through (g)
herein at each incremental value.

shall be identified in accordance with V-1.6. With
closed discharge systems, such as described in

V-2.2.6.6 Testing With Built-Up Back Pressure [See
V-2.2.6.1(b)]

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. During the
V-2.2.2.11(b) test, back pressure shall be adjusted to
the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in
para. V-2.2.2.11(c), remove any flow restriction in the
discharge test arrangement imposed during the previous
test, as failure to do so may prevent the valve from
achieving the same lift as the initial test.

(b) Establish and maintain flow-rating pressure until
flow instruments and back pressure gage indicate a
steady-state condition.

(c) Close test-drum drain, and establish and record or
mark starting condensate level in a gage glass.

(d) Record the following:

(1) valve-inlet pressure

(2) valve-inlet calorimeter discharge temperature
(3) valve-disk lift

(4) flowmeter static pressure

(5) flowmeter differential pressure

(6) flowmeter calorimeter discharge temperature
(7) back pressure

(e) Reestablish original gage-glass level or new level at
end of run, determine condensate by weight or volume
measurement, and record.

(f) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

(g) In most instances, it is desirable or a requirement
that the valve be tested over a given range ef\back pres-
sure. In such cases, it is convenient if the.value of back
pressure chosen in (a) herein be eithep the lowest or
highest of this range. Back pressure maythen be increased
or decreased in increments, repeating (a) through (f)
herein at each incremental value:

V-2.2.6.7 Observation of Mechanical Characteristics.
During the tests with superimposed or built-up back pres-
sure, mechanical characteristics shall be observed by
hearing, feeling; or/seeing and recorded during the
flow test. If the*valve chatters, flutters, or does not
reseat satjsfaetorily, such action shall be recorded.
Upon agfeement of all interested parties, the valve
may be\ readjusted or repaired and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure shall be recorded.

V-2.2.6.8 Recording Additional Data. During tests
with superimposed or built-up back pressure, it may

1. .

V-2.2.6.1(a), it is not possible to observe or record
some characteristic pressures.

V-2.2.7 Testing With Gas or Air, With Back
Pressure Above Atmospheric

V-2.2.7.1 Test Arrangements. Recommended test
arrangements are illustrated in Figures V-2.2.2,3:1,
V-2.2.2.10-4, and V-2.2.6.1-1. Capacity determifation
shall be made by means of a flowmeter [see
V-2.2.2.4(a)(1)] installed at the upstream‘side of the
valve. Figure V-2.2.2.3-1 shows a recommended test
arrangement, up to and including/the test valve.
Figures V-2.2.2.10-4, and V-2.2.6¢}-1 show discharge
arrangements.

(a) Figure V-2.2.2.10-4 illustfates a recommended test
arrangement for testing with'superimposed back pressure
to the valve prior to the yalve reaching its set pressure [see
V-2.2.2.5(b)]. A control valve shall be provided for control-
ling the back pressutre prior to, during, and after the
opening of the testvalve. The piping shall be so arranged
that condensate ‘will not collect in the piping and a drain
shall be pfoevided on the back-pressure vessel.

(b) Figure V-2.2.6.1-1 illustrates a recommended test
arrangement for testing with built-up back pressure.
Requiired equipment includes a means of controlling
the degree of back pressure built up on the test valve
after opening and for measuring the static pressure in
the test-valve discharge.

V-2.2.7.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or valve being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks
in the test apparatus.

V-2.2.7.3 Barometric Pressure. Record the barometric
pressure (see V-2.2.2.1).

V-2.2.7.4 Details of Procedure for Flow Measurement

(a) Atmospheric Back-Pressure Test. Tests may be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1. Test procedure shall be
in accordance with V-2.2.4.4(a) through V-2.2.4.4(d),
performing such portions of the procedure and recording
such data as has been agreed upon.

NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,
when the valve is discharging to atmosphere. In this case, the
portions of V-2.2.4.4(a) through V-2.2.4.4(d) relating to capacity

| 1] H £ & pa |
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other than or in addition to those listed in V-2.2.6.5 or
V-2.2.6.6. Where possible, such recorded pressures
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determination may be eliminated.
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(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge

(7) back pressure
(d) Decrease inlet pressure slowly, and again record

arrangement required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.1-1, depending on the type of back pressure
desired.

V-2.2.7.5 Testing With Superimposed Back Pressure
[See V-2.2.7.1(a)]

(a) Adjust the back pressure on the valve and the
discharge piping to the required value.

(b) Establish the set pressure, and blowdown if appli-
cable, in accordance V-2.2.2.11. The back pressure shall be
maintained as uniformly as possible and recorded during
the tests in V-2.2.2.11(a) and V-2.2.2.11(b).

(c) Establish and maintain flow-rating pressure until
flow instruments and back pressure gage indicate a
steady-state condition.

(d) Record the following:

(1) valve-inlet pressure

(2) valve-inlet temperature

(3) valve-disk lift

(4) flowmeter-inlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure
(7) back pressure

(e) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

(f) In most instances, it is desirable or a requirement
that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of, bhack
pressure chosen in (a) be either the lowest or highest
of this range. Back pressure may then be increased or
decreased in increments, repeating (b)sthrough (e)
herein at each incremental value.

V-2.2.7.6 Testing With Built-Up'Back Pressure [See
V-2.2.7.1(b)]

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance.with V-2.2.2.11. During the
V-2.2.2.11(b) test, back pressure shall be adjusted to
the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in
V-2.2.2.11(c),remove any flow restriction in the discharge
test arrangement imposed during the previous test, as
failure to.do so may prevent the valve from achieving
the same' lift as the initial test.

(b)vEstablish and maintain flow-rating pressure and
back pressure until flow instruments and back pressure
gage indicate a steady-state condition.

(c) Record the following:

(1) valve-inlet pressure
(2) valve-inlet temperature
(3) valve-disk lift

reseating pressure and back pressure.

(e) In most instances, it is desirable or a requirement
that the valve be tested over a given range or back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in V-2.2.7.5(a) be either the lowest br
highest of this range. Back pressure may then be increased
or decreased in increments, repeating (a) through (d)
herein at each incremental value.

V-2.2.7.7 Observation of Mechanical Characteristics.
During the tests with superimposed or built-up back pres-
sure, mechanical characteristics sliall'be observed by
hearing, feeling, or seeing and‘recorded during the
flow test. If the valve chatte%s, flutters, or does not
reseat satisfactorily, such%action shall be recorded.
Upon agreement of all.interested parties, the valve
may be readjusted or\repaired and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure.shall be recorded.

V-2.2.7.8{ Recording Additional Data. It may be desir-
able oy a requirement to record pressures other than or in
additionto those listed in V-2.2.3.4. Where possible, such
récorded pressures shall be identified in accordance with
V~1.6. With closed discharge systems, it is not possible to
observe or record some characteristic pressures.

V-2.2.8 Testing With Liquids, With Back Pressure
Above Atmospheric

V-2.2.8.1 Test Arrangements. Pressure sources can be
a pump or an accumulator of liquid, in combination with
high-pressure compressed gas. Precautions shall be taken
to ensure that pressure pulsations are reduced to a
minimum. Figure V-2.2.2.3-1 shows a recommended
test arrangement, up to and including the test valve.
Figures V-2.2.2.10-4 and V-2.2.6.1-1 show discharge
arrangements for testing with superimposed and built-
up back pressure, respectively. A flowmeter [see
V-2.2.2.4(b)(1)] shall be used in either case. Instrumen-
tation shall be suitably installed to indicate or record the
following:

(a) liquid temperature

(b) flowmeter differential pressure

(c) valve-inlet pressure

(d) back pressure

V-2.2.8.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or valve being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks
in the test apparatus and that all gas or air has been
vented from the component parts of the system

(#] Tlowmeter-mlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure
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V-2.2.8.3 Details of Procedure for FlLow Measurement

L)

V-2.2.2.11(c), remove any flow restriction in the discharge
test arrangement imposed during the previous test, as

teAtmospherieBack—Pressure—Tfest—Fests—ay—be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1. Test procedure shall be
in accordance with V-2.2.5.3(a) through V-2.2.5.3(d)
performing such portions of the procedure and recording
such data as has been agreed upon.

NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,
when the valve is discharging to atmosphere. In this case, the
portions of V-2.2.5.3(a) through V-2.2.5.3(d) relating to capacity
determination may be eliminated.

(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrangement required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.1-1, depending on the type of back pressure
desired.

V-2.2.8.4 Testing With Superimposed Back Pressure
(See Figure V-2.2.2.10-4)

(a) Adjusttheback pressure on the valve and discharge
piping to the required value.

(b) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. The back pressure
shall be maintained as uniformly as possible and recorded
during the tests in V-2.2.2.11(a) and V-2.2.2.11(b).

(c) Establish and maintain flow-rating pressure until
flow instruments and back pressure gage indicate a
steady-state condition.

(d) Record the following:

(1) valve-inlet pressure

(2) valve-disk lift

(3) liquid-inlet temperature

(4) flowmeter differential pressure
(5) back pressure

(e) Decrease inlet pressure-slowly, and again record
reseating pressure of valve_and back pressure.

(f) In most instances, it is desirable or a requirement
that the valve be tested over a given range of back pres-
sure. In such cases;-it is convenient if the value of back
pressure chosen.in (a) be either the lowest or highest
of this rangey Back pressure may then be increased or
decreaséd)in increments, repeating (b) through (e)
herein:at each incremental value.

V:2.2.8.5 Testing With Built-Up Back Pressure (See
Figure V-2.2.6.1-1)

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. During the

the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in

failure to do so may prevent the valve from achieving
the same lift as the initial test.

(b) Establish and maintain flow-rating pressure and
back pressure until flow instruments and back-pressure
gage indicate a steady-state condition.

(c) Record the following:

(1) valve-inlet pressure

(2) valve-disk lift

(3) liquid-inlet temperature

(4) flowmeter differential pressure
(5) back pressure

(d) Decrease inlet pressure slowly,and again record
reseating pressure of valve and bagk pressure.

(e) In most instances, it is desirable or a requirement
that the valve be tested over a(given range of back pres-
sure. In such cases, it is convénient if the value of back
pressure chosen in V-2.2:8.4(a) be either the lowest or
highest of this range. Back'pressure may then be increased
or decreased in increments, repeating (a) through (d)
herein at each inctemental value.

V-2.2.8.6 <Pests With Built-Up Back Pressure With
Measuring/-Tank. The use of volumetric or gravimetric
determiination of valve discharge when testing with
built-up back pressure is permissible. In such cases,
the interested parties shall agree on a test procedure
prior to conducting the tests.

V-2.2.8.7 Observation of Mechanical Characteristics.
During the tests with superimposed or built-up back pres-
sure, mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted, repaired, and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure shall be recorded.

V-2.2.8.8 Recording Additional Data. During the tests
with superimposed or built-up back pressure, it may be
desirable or arequirement to record pressures other than
or in addition to those listed in V-2.2.8.4 or V-2.2.8.5.
Where possible, such recorded pressure shall be identified
inaccordance with V-1.6. With closed discharge systems, it
is not possible to observe or record some characteristic
pressures.

V-2.2.9 Testing With Gas or Air, Non-reclosing
Pressure Relief Device Flow Resistance
Method

L2202 ;;ggg test; back pressure shall be ad]usted to \V-2.2.91 Test A[[angemenf A recommended flow

resistance test rig arrangement is shown in
Figure V-2.1.9-1, which represents the test vessel and
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test device of Figure V-2.2.2.3-1. The device shall have the
same nominal pipe size dimension as the test rig. Differ-

(b) Increase the pressure at pressure tap B. During the
interval starting at 90% of the expected set pressure, the

_ Measurement Using Sonic-Inferential-Meter Method

ential pressure measurement instruments or transducers
shall be used between pressure taps A-B, B-C, and C-D. The
primary element shall be either a subsonic-inferential
meter or a sonic-inferential meter as shown in Figure
V-2.2.2.3-1 and described in para.V-2.2.2.4(a). Instrumen-
tation for each type of meter is listed in the following:
(a) Subsonic-Inferential Meters. Measurements asso-
ciated with subsonic-inferential meters are
(1) inlet static pressure
(2) inlet temperature
(3) differential pressure
(b) Subsonic-Inferential Meters. Measurements asso-
ciated with sonic-inferential meters are
(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperature

V-2.2.9.2 Preliminary Tests. Preliminary tests may be
permitted for testing the test apparatus. Such tests may be
necessary to ensure the absence of leaks in the test appa-
ratus and that all differential pressure measurement
devices are functioning properly and within their pressure
measurement range.

V-2.2.9.3 Barometric Pressure. Record the barometric
pressure (see para. V-2.2.2.1).

V-2.2.9.4 Details of Procedure for Flow Resistance
Measurement Using Subsonic-Inferential-Meter Method

(a) Install the device into the flow resistance test rig.

(b) Increase the pressure at pressure tap B. During the
interval starting at 90% of the expected set pressure, the
rate of pressure increase shall not exceed, 2.0 psi/sec
(15kPa/s) or whatever lesser rate of increase is necessary
for the accurate reading of the pressure. Observe and
record the set pressure of the déevice and any other
desired or pertinent characteristies.

(c) Establish and maintain‘flow-rating pressure until
flow instruments indicate-atsteady-state condition.

(d) Simultaneously-record the following measure-
ments (it is preferablé-to use a data acquisition system
for these measurements):

(1) test nig'inlet pressure

(2) test rig inlet temperature
(3)_flowmeter-inlet static pressure
(4) _flowmeter-inlet total temperature
(5) flowmeter differential pressure
(6) tap B pressure

(7) differential pressure tap A-B

(8) differential pressure tap B-C

(9) differential pressure tap C-D

V-2.2.9.5 Details of Procedure for Flow Resistance

rate of pressure increase shall not exceed 2.0 psi/sec
(15kPa/s) or whatever lesser rate of increase is necessary
for the accurate reading of the pressure. Observe and
record the set pressure of the device and any other
desired or pertinent characteristics.

(c) Establish and maintain flow-rating pressure until
flow instruments indicate a steady-state condition.

(d) Simultaneously record the following reasure-
ments (it is preferable to use a data acquiSition system
for these measurements):

(1) test rig inlet pressure

(2) test rig inlet temperature

(3) flowmeter-inlet static pressure
(4) flowmeter-inlet total‘temperature
(5) tap B pressure

(6) differential pressure tap A-B

(7) differential pressure tap B-C

(8) differential pressure tap C-D

V-2.2.9.6 Recording Additional Data. During the
subsonic- 0r sonic-inferential-meter method of test, it
may be deésirable or a requirement to record pressures
othets/than or in addition to those listed in
para.\V-2.2.9.4 or para. V-2.2.9.5. Where possible, such
recorded pressures shall be identified in accordance
with V-1.6.

V-2.2.9.7 Resistance Testing on Non-reclosing Pres-
sure Relief Devices With Connections Not Compatible
With Figure V-2.1.9-1. The use of an adapter for
devices with inlet/outlet connections that are not compat-
ible with the test rigs of Figure V-2.1.9-1 is allowed
provided the devices are the same nominal size as the
test rigs and the adapter’s resistance to flow, if the
adapter constitutes part of a flow path, is properly
accounted for as follows:

(a) Install the adapter into the test rig of
Figure V-2.1.9-1, and conduct three baseline flow tests
to determine the average flow resistance of the adapter.

(b) Proceed with determining the flow resistance of the
combined assembly, the test device, and adapter, per
V-2.2.9.4 or V-2.2.9.5.

(c) Calculate the test device individual flow resistance,
KRi, by subtracting the average flow resistance of the
adapter. The use of, and specification of, the adapter
shall be included in the test report.

V-2.2.10 Testing Non-reclosing Pressure Relief
Devices to Determine a Set Pressure for
Incompressible Fluids

V-2.2.10.1 Test Arrangement. A recommended test
arrangement for conducting set pressure tests on incom-

(a) Install the device into the flow resistance test rig.
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pressible fluids is shown in Figure V-2.2.10.1-1. The test
arrangement shall have the same for larger nominal pipe
size dimensions as the device. Unless no portion of the
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Figure V-2.2.10.1-1

Recommended Arrangement for Conducting Opening Test on Non-reclosing Pressure Relief Devices

High pressure

air or gas

Water media /

Optional temperature tap—/

Pressure tap located /

at the same level as the

Control
valve

rupture disk device

J-tube test rig /

Ly

With Incompressible Fluids

Vent valve

Optional tailpiece with
inside diameter equal
to Figure V-2.1.9-1

Rupture disk

device
/ [ Lo
=

14

—— ———— —

Flange size shall be of the same
size as the rupture disk device.
Reducers can be used for smaller

\ / sizes of rupture disk device tests.

>

| |
Il
Fluid supply
valve

/!

Nominal pipe shall be larger than or equal
to the nominal size of the rupture disk device.
The diameter and volume of test vessel
should be large enough to obtain an
accurate static pressure measurement.

Drain valve —/
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device extends into the outlet connection arrangement,
the outlet connection shall match the internal bore of

V-2.3.3 Use of Equation Symbols

the flow resistance test arrangement of V-2.2.9. The
test medium shall be water or other suitable incompres-
sible fluid. The test shall be conducted in such a way as to
prevent compressed gas from passing through the device
at any time. After set pressure tests have been conducted,
the device shall be removed from this test arrangement
and installed within the resistance factor test arrange-
ment shown in Figure V-2.1.9-1. The device flow resis-
tance factor shall be tested per V-2.2.9 using gas or air
as the fluid.

V-2.2.10.2 Preliminary Test. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus.

V-2.2.10.3 Details of Procedure for Determining a
Non-reclosing Pressure Relief Device Flow Resistance
Factor Applicable for Incompressible Fluids

(a) Install the device between the flanges of the test
apparatus.

(b) Position valves to fill the test apparatus with liquid,
and vent any trapped gas immediately upstream to the
device.

(c) Reposition valves to pressurize the system.
Increase the pressure at the pressure tap. During the
interval starting at 90% of the expected set pressure,
the rate of pressure increase shall not éxcéeed
2.0 psi/sec (15kPa/s) or whatever lesser rate of\increase
is necessary for the accurate reading of the pressure.
Observe and record the set pressure of the device and
any other desired or pertinent characteristics.

(d) Remove the device from thetest apparatus. Care
shall be taken not to disturb the-opening pattern of
the device.

(e) Complete the device flow resistance testing per
V-2.2.9.4 using gas or air'as the test medium.

V-2.3 COMPUTATION OF RESULTS

V-2.3.1 Correction of Measured Variables

The valtues of measured variables shall be corrected in
accordance with instrument calibrations. No other correc-
tions, to the data are permitted.

V=2.3.2 Review of Instrument Readings

TIIC bylll‘UU‘lb UDCL‘I ill Lllib Appcudi)& dI'© UIITS L}ldL dlI'c
already in common use in the particular fields of engi-
neering involved. In a few cases, the same letter has
different meanings in different parts of the Code according
to its application. In order to avoid confusion, each equat
tion has been provided with its own list of definitions of
symbols. Users are cautioned not to assume that a.symbol
has the same meaning in another equation.

V-2.3.4 Density

Computation of density shall be made from measured
values of pressure, temperature, and. specific gravity.

(a) For steam and other condensible fluids, the density
p shall be taken as 1/v wheréwythe specific volume, in
ft3/lbm (m3/kg), is obtained-from the latest edition of
ASME Steam Tables foy’steam or other established
tables for other fluids at the measured pressure and
temperature.

(b) The following relations shall be used for computing
the density -of\gases where the physical properties are
accurately ‘kKnown:

(1) Fer any dry gas

(U.SCustomary Units)

_ 144P
’ ZRT
(SI Units)
_ P
’ ZRT

(2) For dry air, p reduces to
(U.S. Customary Units)

_ 2.699P
’ zZT
(SI Units)
_3.488P
p zZT

(3) For air and other gases

(U.S. Customary Units)

o= 2.699GP
Before calculations are undertaken, the instrument zT
readings, as recorded in the log, shall be reviewed for S Uni
inconsistency and large fluctuation in accordance with (SI Units)
ASME PTC 19.1.
348SGP
P= "
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Items 21 through 25 record additional data. Item 27
determines the measured relieving capacity for a water

where
G = specific gravity with respect to dry air
= M/M,
M = molecular weight of gas
M, = molecular weight of air
P = static pressure, psia (kPa)
R = gas constant, ft-lbf/Ibm-°R (kPa/kgK)
= 1,545.4/M(8.3143/M)
T = temperature, °R (K)
Z = compressibility factor as defined in the equation

of state, Pv = ZRT. If more details are desired, see
ASME PTC 19.5.

V-2.3.5 Capacity Calculations

The information in V-2.3.5.1 through V-2.3.5.7 is
provided to assist in the use of the calculation sheets
and aid in carrying out the several methods of computing
capacity. Flow equations, correction factors, and proce-
dures for calculations are in accordance with ASME
PTC 19.5.

V-2.3.5.1 Volumetric or Weighed-Water Method. This
technique requires the collection of the discharge from the
valve under test either as a mass or a volume over a known
period of time. Care shall be taken to ensure that the valve-
inlet conditions are maintained throughout the test and
that neither extraneous water is measured nor any valve
discharge is lost.

Form V-2.3.5.1-1 (Form V-2.3.5.1-1M) should be used
for recording the data and computing the results. The first
eight items on this form are primarily for identification
purposes. Items 9 through 12 record the amount of
water collected over the given time interval. Iten 11 is
any leakage after the valve throat that might'\be at the
valve stem, drain hole in the valve, or in.the discharge
piping. The manner in which this leakage$to be evaluated
shall be agreed upon by the parties to the test, and the
amount shall be added to the tetal accumulated (see
Item 20, Item 27, or both). [tem 12 is to account for
any leakage of the condenser circulating water into the
condensate. This is determined by a condenser leakage
test, and the amount is . t6 be subtracted from the total
accumulated (see Item 20).

Items 13 through 20 record more data and show the
calculation ¢f the steam flow through the valve per
hour, corrécted to dry and saturated conditions at the
valve inlet! In the equation for Item 20, the weight of
wateraccumulated is divided by the time interval and
multiplied by 60 to obtain the accumulated flow rate
in pounds-mass (kilograms) per hour. This is multiplied
by the ratio of the square root of the specific volume of the
flowing steam at the valve inlet to the specific volume of
dry and saturated steam at the inlet pressure. To this

leakage is subtracted for the test using water.
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test with no correction being made for either specific
volume or condenser leakage (it being assumed that a
condenser was required). Item 28 provides a capacity
correction to whatever reference condition has been
specified for the test. Iltem 29 changes the unit to
gallons (liters) per minute at the reference condition.

V-2.3.5.2 Steam — Flowmeter Method. This tech-
nique meters the steam flow upstream of thewalve
under test. Care shall be taken that all the metered
steam passes through the valve or is accounted for in
the calculations. In addition to leakage/meétered steam
that does not reach the valve can occur’by condensation
of the steam in connecting piping ahd, particularly in the
test vessel.

The flow equations, correctionfactors, and procedures
for calculations incorporated in Form V-2.3.5.2-1 (Form
V-2.3.5.2-1M) are in accordance with ASME PTC 19.5.

Form V-2.3.5.2-1 (Form V-2.3.5.2-1M) should be used
for recording the data’and computing the results. The first
eight items on¢his' form are primarily for identification
purposes. FotmyV-2.3.5.2-1 (Form V-2.3.5.2-1M) proceeds
through the‘trial flow calculation in order to evaluate the
properfactors and goes on to Item 28, which provides the
flow.rate of steam at the reference condition in pounds-
mass (kilograms) per hour.

[tems 29 through 38 transfer and adjust the meter flow
to the flow through the valve. Item 35 and its use in calcu-
lating the valve-relieving capacity assumes the meter
calorimeter’s sampling tube is downstream of the
meter. If this is not the case, the subtraction should
not be made, since the correction shown is to account
for metered steam not reaching the valve. All values
used are corrected to the reference condition.

V-2.3.5.3 Liquids — Flowmeter Method. This tech-
nique meters the liquid flow upstream of the valve
under test. Care shall be taken that all the metered
liquid passes through the valve or is accounted for in
the calculations.

The flow equations, correction factors, and procedures
for calculations incorporated in Form V-2.3.5.3-1 (Form
V-2.3.5.3-1M) are in accordance with ASME PTC 19.5.

Form V-2.3.5.3-1 (Form V-2.3.5.3-1M) should be used
for recording data and computing the results. The first
eight items on this form are primarily for identification
purposes. The form proceeds through the trial flow calcu-
lation in order to evaluate the proper factors and goes on
to Item 26, the measured relieving capacity through the
meter at the meter conditions.

Items 27 through 33 provide the data and equation to
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V-2.3.5.4 Air or Gas — Flowmeter Method. This tech-
nique meters the gas flow upstream of the valve under test.

Items 35 through 40 provide for the calculation of the
flow through the valve in cubic feet (meters) per minute at

Care shall be taken that all the metered gas passes through
the valve or is accounted for in the calculations.

The flow equations, correction factors, and procedures
for calculations incorporated in Form V-2.3.5.4-1 (Form
V-2.3.5.4-1M) are in accordance with ASME PTC 19.5.

Form V-2.3.5.4-1 (Form V-2.3.5.4-1M) should be used
for recording the data and computing the results. The first
12 items on this form are primarily for identification
purposes. Form V-2.3.5.4-1 (Form V-2.3.5.4-1M) proceeds
through the trial flow calculation to be able to evaluate the
proper factors for refinement, through the measured ca-
pacity in pounds-mass (kilograms) per hour (Item 25),
and on to the flow rate through the meter in cubic feet
(meters) per minute at some prespecified base condition.

[tems 35 through 40 then provide for the calculation of
the flow through the valve in cubic feet (meters) per
minute at a reference inlet condition.

V-2.3.5.5 Air or Gas — Sonic-Flow Method. This tech-
nique meters the gas flow upstream of the valve under test.
Care shall be taken that all the metered gas passes through
the valve or is accounted for in the calculations.

The flow equations, flow functions, correction factors,
and procedures for calculation incorporated in
Form V-2.3.5.5-1 (Form V-2.3.5.5-1M) are in accordance
with ASME PTC 19.5.

The use of Form V-2.3.5.5-1 (Form V-2.3.5.5-1M) is rec-
ommended for either air or gas, and with the additien'of
basic data and valve identification, the form follaws\the
procedure of ASME PTC 19.5.

This calculation follows through to evaluate’the flow
through the meter (Item 23) in pounds-mass,(kilograms)
per hour.

[tems 24 through 30 are then used to'determine the flow
through the valve in cubic feet (meters) per minute at a
reference condition.

V-2.3.5.6 Fuel-Gas Flow.— Flowmeter Method. This
technique meters the gasflow upstream of the valve under
test. Care shall be taken-that all of the metered gas passes
through the valvetor is accounted for in the calculations.

The flow equations, correction factors, and procedures
for calculationihcorporated in Form V-2.2.5.6-1 (Form
V-2.2.5.6¢1MJ are in accordance with ASME PTC 19.5.

Form V-2.2.5.6-1 (Form V-2.2.5.6-1M) should be used
forrecording the data and computing the results. The first
12-items on this form are primarily for identification
purposes.

Form V-2.2.5.6-1 (Form V-2.2.5.6-1M) proceeds
through the trial flow calculation to be able to evaluate
the proper factors for refinement, through the measured
capacity in cubic feet (meters) per hour at some prespe-
cified hase condition converted from the required pounds-

a reference inlet condition.

V-2.2.5.7 Air or Gas — Non-reclosing Pressure Relief
Device Flow Resistance Method. This technique
measures the resistance due to the presence of a non¢
reclosing pressure relief device in a piping system. It is
used in conjunction with either the flowmeter or
sonic-flow methods described in V-2.3.5.4 or V<2:3.5.5,
respectively.

Form V-2.2.5.7-1 (Form V-2.2.5.7-1M),_should be used
for recording the data and computing the'results. The first
17 items on this form are for identification purposes and
listing of the measured variables. ftém 6 is obtained from
either Form V-2.2.5.4-1 (Form/V-2.2.5.4-1M) or Form
V-2.2.5.5-1 (Form V-2.2.5.5-1M). Care shall be taken
that all of the metered gasjpasses through the testarrange-
ment (see Figure V-2.216.1-1) or is accounted for in the
calculations.

The remaining {items on Form V-2.2.5.7-1 (Form
V-2.2.5.7-1M)\are used to determine the resistance
factor between each of the established pressure taps.
An individual flow resistance associated with the non-
reclosing pressure relief device is then calculated from
these, results.

Two test checks shall be done to verify the test results.

(a) First, verify that the value Kc.p is within 3% of the
value K, g. If not, verify that the test arrangement is prop-
erly set up. Next, run a calibration test with no non-
reclosing pressure relief device installed to verify that
the value K¢_p is within 3% of the value K4 _g. If so, calculate
the resistance factor Kz p = Kp — Kg and the pipelength Ly p
= Lp - Lg. Complete the non-reclosing pressure relief
device individual flow resistance calculation, replacing
KB—CJ Kpipe B-C and LB—C with KB—D' Kpipe B-D» and LB—D: respec-
tively, in Items 34 and 35. This is done since the air turbu-
lence caused by the non-reclosing pressure relief device is
affecting the true pressure reading of tap C.

(b) Second, verify that the calculated pipe roughness
from Item 33 is within the range 0.0018 in. to 0.00006
in. (0.0460 mm to 0.00150 mm). This is the range for
schedule 40 clean commercial pipe.

V-2.4 TEST SUMMARY REPORT FORM
V-2.4.1 General Instructions

(a) The Report of Test shall be prepared for the
purpose of formally recording observed data and
computed results. It shall contain sufficient supporting
information to prove that all objectives of any tests
conducted in accordance with this Appendix have been
attained.

(b) The procedures described in V-2.3 are recommend-

mass (kilograms) per hour (Item 32).
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ed for use in computing the test results.
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(c) TheReportofTestshallinclude PartsItoIV aslisted
in (1) through (4) herein. It may also be appropriate to

Forms V-2.4.5-1 through V-2.4.5-4 shall be used to
record this information for steam; liquids and water;

include any of the remaining sections, depending on the
circumstances or by agreement of multiple parties of the
test.

(1) Part I: General Information

(2) Part II: Summary of Results

(3) Part III: Description of Device Under Test

(4) Part IV: Observed Data and Computed Results

(5) Part V: Test Conditions and Corrections Agree-
ments

(6) Part VI: Test Methods and Procedures

(7) Part VII: Supporting Data

(8) Part VIII: Graphical Presentation of Back-Pres-
sure Test Results

Paragraphs V-2.4.2 through V-2.4.9 give a discussion of

each Part of the Test Report.

V-2.4.2 Part I: General Information

This Part shall include the following items:

(a) date of test

(b) location of test facilities

(c) device manufacturer’s name

(d) manufacturer’s serial number and complete iden-
tification of device

(e) inlet and outlet connections (stating size, pressure
ratings, and type, such as screwed, flanged, etc.)

(f) test conducted by

(g) representatives of interested parties

(h) object of test

(i) fluid through device (wherever applicable; give
name, molecular weight, specific gravity, and ratis.ef)spe-
cific heats)

V-2.4.3 Part Il: Summary of Results

This Part shall include those quantities and character-
istics that describe the performanceyof the device at test
conditions. The Test Summary Report Form for the parti-
cular test shall list the quantiti€s,characteristics, and units
of measurement required‘for the report.

V-2.4.4 Part Ill: Description of Device Under Test

This Part may include assembly drawings, manufac-
turing drawifigs; and measured dimensions. Manufac-
turing drawings for these parts may be submitted with
the assembly drawing. The dimensions of these parts
shallinclude the following, if applicable:

(@) bore diameter, in. (mm)

(b) seat diameter, in. (mm)

(c) seat angle, deg

(d) inlet opening diameter, in. (mm)

(e) ratio of throat diameter to the diameter of the inlet

or air, gas, or fuel gas.

V-2.4.5 Part IV: Observed Data and Computed
Results

This Part shall include a record of data and calculations
required for the results of the tests. Computed results shall
include final flow measurement uncertainty. The data
shall be corrected for instrument calibrations and @ondi-
tions prevailing for each test run.

The calculations for measured relieving capacity may be
made in accordance with the procedures in V-2.3 and
reported in the recommended Repoft of Test using
Forms V-2.4.5-1 through V-2.4.5-4 as’applicable. Calcula-
tion forms are provided in V-2,3%for the following listed
fluids:

(a) steam

(b) air or gas

(c) fuel gas

(d) liquids

(e) water

V-2.4.6 Part’V: Test Conditions and Corrections
Agreements

Operating conditions, such as the following, that have
been agreed upon prior to the test shall be reported for
each test:

(a) device-inlet maximum

(b) device-inlet temperature

(c) setting of device

(d) back pressure (built-up, superimposed, or both)

V-2.4.7 Part VI: Test Methods and Procedures

This Part shall include a detailed description of the
instruments and apparatus used to measure the
various quantities and procedures for observing the
mechanical characteristics of the device under test.

V-2.4.8 Part VII: Supporting Data

This Part shall include pertinent material supple-
menting data presented elsewhere in the test report,
whereby an independent verification of the report
results can be made. This material may include, but
not necessarily be limited to, the following:

(a) instrument calibration records

(b) detailed log sheets

(c) sample calculations

(f) actual discharge area, in.? (mm?)
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TEST REPORT FORM V-2.3.5.1-1
PRESSURE RELIEF DEVICE TESTED WITH STEAM AND WATER — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Weighed-Water Method

(1) Test number
(2) Test date
(3) Manufacturer's name

Measured Device Dimensions
Valve Non-reclosing Devices

(4) Bore diameter, in. (dp) (4) Minimum holder-bore diameter, in. (d,)
(5) Seat diameter, in. (dg) (5) Minimum net flow area, in.2 (a)

(6) Seat angle, deg
(
(

7) Valve-disk lift, in. (/)
8) Actual discharge area, in.2 (ag)

Observed Data

(9) Length of test, min (f)
(10) Mass of water or condensate, Ibm (w)
(11) Valve-steam leakage, Ibm/hr (w,,;)
(12) Condenser leakage, Ibm/hr (w)

STEAM
Observed Data and Computed Results at the Device Inlet

(13) Set pressure, psig (Pset)

(14) Flow-rating pressure, psia (Pj)

(15) Back pressure, psig (P,)

(16) Fluid temperature at the calorimeter, °F (T,

(17) Percent quality or deg superheat

(18) Specific volume at reference condition, ft>/lbm (Vief)

(19) Specific volume at inlet conditions, ft3/lbm (V)

(20) Measured relieving capacity adjusted to the reference condition, Ibm/hr

60 X w [Vag
Wh = f %"‘Wvl‘wcl

WATER
Observed Data and Computed Results at the Device Inlet

(21) Set pressure, psig (Pget)
(22) Flow-rating pressure, psia (P;)
(23) Back pressure, psig-(P,)
(24) Fluid temperature;FR(T)
(25) Density of water atinlet conditions, Ibm/f® (ps)
(26) Density of waterat reference condition, Ibm/ft3(pref)
(27) Measured-telieving capacity, Ibm/hr
60 x w

W= f + wy

(28),Relieving capacity adjusted to water at reference condition, lbm/hr
W= w,x |2
Pact
(29) Relieving capacity in gpm of water at reference condition (U.S. gallons), Q (gpm)

w,
Q= 0.1247 —

Pref
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TEST REPORT FORM V-2.3.5.1-1M
PRESSURE RELIEF DEVICE TESTED WITH STEAM AND WATER — SI UNITS

Observed Data and Computed Results — Weighed-Water Method

(1) Test number
(2) Test date
(3) Manufacturer’'s name

Measured Device Dimensions

Valve Non-reclosing Devices
(4) Bore diameter, mm (dp) (4) Minimum holder-bore diameter, mm (d,,)
(5) Seat diameter, mm (d) (5) Minimum net flow area, mm? (a)

(6) Seat angle, deg
(7) Valve-disk lift, mm (/)
(8) Actual discharge area, mm? (ag)

Observed Data

(9) Length of test, min (f)
(10) Mass of water or condensate, kg (w)
(11) Valve-steam leakage, kg/h (w,;)
(12) Condenser leakage, kg/h (wg)

STEAM
Observed Data and Computed Results at the Device Inlet

(13) Set pressure, kPag (Pset)

(14) Flow-rating pressure, kPa (P;)

(15) Back pressure, kPag (P,)

(16) Fluid temperature at the calorimeter, °C (T,))

(17) Percent quality or deg superheat

(18) Specific volume at reference condition, m3/kg (Vi)

(19) Specific volume at inlet conditions, m3/kg (V)

(20) Measured relieving capacity adjusted to the referenece condition, kg/h

X 60 x w Vact
W = i /m*’wvl Wi

WATER
Observed Data and Computed Results at the Device Inlet

(21) Set pressure, kPag (Pggt)

(22) Flow-rating pressure, kPa (P;)

(23) Back pressure, kPag (P,)

(24) Fluid temperature, °C ()

(25) Density of water at inlet.¢onditions, kg/m3 (paq)
(26) Density of water at reference condition, kg/m3 (pref)
(27) Measured relieving capacity, kg/h

(28) Relieving capacity adjusted to water at reference condition, kg/h

er: Wh X @
V Pact

(29) Relieving capacity in L/m of water at reference condition (liters), Q (L/m)

w,
Q= 16.67 —

Pref
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TEST REPORT FORM V-2.3.5.2-1
PRESSURE RELIEF DEVICE TESTED WITH STEAM — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer's name

Measured Device Dimensions
Valve Non-reclosing Devices

(4) Bore diameter, in. (dp,) (4) Minimum holder-bore diameter, in. (d,)
(5) Seat diameter, in. (dg) (5) Minimum net flow area, in.? (a)

(6) Seat angle, deg
(
(

7) Valve-disk lift, in. (/)
8) Actual discharge area, in.2 (aq)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.2 (a?)
(12) Beta ratio (8 = d/D)
(13) Trial flow coefficient (K,)
(14) Differential pressure at the meter, inches of water (h,,)
(15) Barometric pressure, psia (Pp)
(16) Static pressure at the meter calorimeter, psia (P,)
(17) Fluid temperature at the meter calorimeter, °F (Tcg meter)
(18) Percent quality or deg superheat
(19) Area factor for thermal expansion (F,)
(20) Expansion factor (Y)
(21) Specific volume at flowing conditions at the meter, ft3/lbm (V3ct, meter)
(22) Specific volume at reference conditions at the meter, ft3/lbm (Vref, meter)
(23) Trial flow rate, Ibm/hr

hw

Wi= 35893 x d’ X K, x F, X Y X

Vact, meter

(24) Viscosity, Ibm/ft-sec («)
(25) Reynolds number

Ry = 0.00424 x W,
(D)(w)
(26) Orifice plate discharge-coefficient (C)
(27) Flow coefficient
K= C

P
|
®
»

(28) Flow rate (Ibm/hr)

Wi = Wi X K [Vact, meter
h Ko Vref, meter

Observed Data and Computed Results at the Device Inlet

(29) Set pressure, psig (Pggt) (burst pressure for non-reclosing device)
(30) Flow-rating pressure, psia (P;)

(31) Fluid temperature at the test drum calorimeter, °F (Tc5; grym)

(32) Percent quality or deg superheat
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.2-1
=U S _CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet (Cont’d)

(33) Specific volume at reference condition, ft>/lbm (Vref. drum)

(34) Specific volume at inlet conditions, ft%/lbm (Vact, drum)

(35) Meter calorimeter flow, Ibm/hr (W,,,c)

(36) Meter calorimeter flow adjusted to the reference condition, Ibm/hr

Vact, meter

VVcaI, meter = Wmc

Vref, meter

(37) Test-drum calorimeter flow, Iom/hr (W)
(38) Test-drum calorimeter flow adjusted to the reference condition, lbm/hr

[Vact, d
Weal, drum = Waec Vac =
ref, drum
(39) Test-drum drainage, Ibm/hr (W)

(40) Measured relieving capacity adjusted to the reference condition, Ibm/hr

Vact drum
We= W - Wcal, meter ~ Wcal, drum < Wr

Vref, drum
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.2-1M
PRESSURE RELIEF DEVICE TESTED WITH STEAM — SI UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer's name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, mm (d,) (4) Minimum holder-bore diameter, mm (d,)
(5) Seat diameter, mm (d;) (5) Minimum net flow area, mm? (a)

(6) Seat angle, deg

(7) Valve-disk lift, mm (/)

(8) Actual discharge area, mm? (aq)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, m (D)
(10) Meter-bore diameter, m (d)
(11) Meter-bore diameter squared, m? (d?)
(12) Beta ratio (8 = d/D)
(13) Trial flow coefficient (K,)
(14) Differential pressure at the meter, millimeters of water (AP)
(15) Barometric pressure, kPa (Py,)
(16) Static pressure at the meter calorimeter, kPa (P,,)
(17) Fluid temperature at the meter calorimeter, °C (Tca; meter)
(18) Percent quality or deg superheat
(19) Area factor for thermal expansion (F,)
(20) Expansion factor (Y)
(21) Specific volume at flowing conditions at the meter, m3/kg (Vagt, meter)
(22) Specific volume at reference conditions at the meter, m?/kg (Vref. meter)
(23) Trial flow rate, kg/h

AP

Vact, meter

W,= 12590 x d?> x K, X F, X Y x

(24) Viscosity, kg/m-s (u)
(25) Reynolds number

R = 0.35368 x W),
° (D)(w)
(26) Orifice plate discharge doefficient (C)
(27) Flow coefficient
K= c
1-p*

(28) Flow rate (kg/h)

W, = Wi X K [Vact, meter
h Ko vref, meter

Observed Data and Computed Results at the Device Inlet

(29) Set pressure, kPag (Psey) (burst pressure for non-reclosing device)
(30) Flow-rating pressure, kPa (P;)

(31) Fluid temperature at the test drum calorimeter, °C (T¢y grym)

(32) Percent quality or deg superheat
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TEST REPORT FORM V-2.3.5.2-1M
— S| UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet (Cont’d)

(33) Specific volume at reference condition, m3/kg (Vief grum)

(34) Specific volume at inlet conditions, m3/kg (Vuct grum)

(35) Meter calorimeter flow, kg/h (W,c)

(36) Meter calorimeter flow adjusted to the reference condition, kg/h

[Vact, met
Weal, meter = Wine Vac e
ref, meter
(37) Test-drum calorimeter flow, kg/h (W)

(38) Test-drum calorimeter flow adjusted to the reference condition, kg/h

[Vact, d
V%al, drum = Whe Vact kil
ref, drum
(39) Test-drum drainage, kg/h (Wy,)

(40) Measured relieving capacity adjusted to the reference condition, kg/h

Vact, drum

VVc = W1 - Wcal, meter — Méal, drum ~ V‘ér

Vref, drum
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TEST REPORT FORM V-2.3.5.3-1

_ PRESSURERELIEF DEVICE TESTED WITH LIQUIDS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer's name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, in. (d,) (4) Minimum holder-bore diameter, in. (d,)
(5) Seat diameter, in. (d;) (5) Minimum net flow area, in.2 (a)

(6) Seat angle, deg

(7) Valve-disk lift, in. (/)

(8) Actual discharge area, in.2 (ag)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.2 (d2)
(12) Beta ratio (8 = d/D)
(13) Temperature upstream of the meter, °F (T,,,)
(14) Differential pressure at the meter, inches of water (h,,)
(15) Barometric pressure, psia (Pp)
(16) Static pressure at the meter, psia (P,,)
(17) Fluid temperature at the meter, °F (T,,,)
(18) Area factor for thermal expansion (F,)
(19) Trial flow coefficient (K,)
(20) Fluid density at meter inlet, lbm/ft® (o,,,)
(21) Trial flow rate, Ibm/hr (W)

W, = 35898 % d’ x F, x K, Jhw X pnm

(22) Viscosity, Ibm/ft-sec ()
(23) Reynolds number

R = 0.00424 x W,
° (D)(w)
(24) Orifice plate discharge coefficient(C)
(25) Flow coefficient
K= c
1-p*

(26) Measured relieving capacity, Ibm/hr
W, = W;x KIK,

Observed Data and Computed Results at the Device Inlet

(279, Sét pressure, psig (Pget) (burst pressure for non-reclosing device)
(28) Flow-rating pressure, psig (Py)

(29) Back pressure, psig (P,)

(30) Fluid temperature, °F (T,)

(31) Density of liquid at inlet conditions, Ibm/ft® (.

(32) Density of liquid at reference condition, lom/f (pref)

(33) Relieving capacity adjusted to liquid at reference condition, Ibm/hr

W= W N, Pref/ Pact
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.3-1M
PRESSURE RELIEF DEVICE TESTED WITH LIQUIDS — SI UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’'s name

Measured Device Dimensions

Valve Non-reclosing Devices
(4) Bore diameter, mm (d,) (4) Minimum holder-bore diameter, mm (d,,)
(5) Seat diameter, mm (d;) (5) Minimum net flow area, mm? (a)

(6) Seat angle, deg
(7) Valve-disk lift, mm (/)
(8) Actual discharge area, mm? (ag)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, m (D)
(10) Meter-bore diameter, m (d)
(11) Meter-bore diameter squared, m? (d?)
(12) Beta ratio (8 = d/D)
(13) Temperature upstream of the meter, °C (T,,,)
(14) Differential pressure at the meter, millimeters of water (AP)
(15) Barometric pressure, kPa (Pp)
(16) Static pressure at the meter, kPa (P,,)
(17) Fluid temperature at the meter, °C (T,,)
(18) Area factor for thermal expansion (F,)
(19) Trial flow coefficient (K,)
(20) Fluid density at meter inlet, kg/m® (o,,,)
(21) Trial flow rate, kg/h (W)

W, = 12510 x~0?% F, X K, JAP X pp,

(22) Viscosity, kg/m-s («)
(23) Reynolds number

Ro= 0.35368 x W
° (D)(w)
(24) Orifice plate discharge coefficient (C)
(25) Flow coefficient
K= c
1-p*

(26) Measured relieving capacity, kg/h
W, = W;x KIK,

Observed Data and Computed Results at the Device Inlet

(27) Setpressure, kPag (Pgg) (burst pressure for non-reclosing device)
(28) Flow-rating pressure, kPag (P;)

(29)"Back pressure, kPag (P,)

(80) Fluid temperature, °C (T,)

(31) Density of liquid at inlet conditions, kg/m3(pact)

(32) Density of liquid at reference condition, kg/m? (o)

(33) Relieving capacity adjusted to liquid at reference condition, kg/h

W= W, \/pref/pact
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TEST REPORT FORM V-2.3.5.4-1
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number

(2) Test date

(3) Manufacturer's name

(4) Test fluid

(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve

(8) Bore diameter, in.
(9) Seat diameter, in.

Non-reclosing Devices

(8) Minimum holder-bore diameter, in. (d,)
(9) Minimum net flow area, in.2 (a)

(10) Seat angle, deg
(11) Valve-disk lift, in. (/)
(12) Actual discharge area, in.? (ag)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)
(14) Meter-bore diameter, in. (d)

(15) Meter-bore diameter squared, in.2 (d?)
(16) Beta ratio (8 = d/D)

(17) Trial flow coefficient (K,)

(18) Differential pressure at the meter, inches of water (h,,)
(19) Barometric pressure, psia (Pp,)

(20) Static pressure at the meter, psia (P,,)
(21) Fluid temperature at the meter, °F (T,,)
(22) Expansion factor (Y)

(23) Area factor for thermal expansion (F,)
(24) Fluid density at meter inlet, Ibm/ft3 (o,,,)
(25) Trial flow rate (W), lbom/hr

W, = 358.93xd2xKaxYxl—;,V/hwxpm

(26) Viscosity, Ibm/ft-sec ()
(27) Reynolds number

_0.00424 x W;
° (D)(w)
(28) Orifice plate discharge coefficient (C)
(29) Flow coefficient
K= c
1-p*
(30)Measured relieving capacity, Ibm/hr
- WK
Wh = K,

0
(31) Base pressure, psia (Pg)
(32) Base temperature, °F (Tp)
(33) Density of dry air at 14.696 psia and at the base temperature, Ibm/ft3 (os)
(34) Density at base condition, Ibm/ft’
p = S X Psps/14.696
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TEST REPORT FORM V-2.3.5.4-1
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet

(35) Volumetric rate at base condition at the meter, cfm
Wh
v = 60p5

(36) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, psig (Py)
(38) Temperature at the valve inlet, absolute °R (T,)
(39) Reference temperature at the valve inlet, absolute °R (7))
(40) Valve-inlet temperature correction
C= JN/Tr

(41) Valve capacity at reference inlet temperature, cfm
qr= Qqp X c
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TEST REPORT FORM V-2.3.5.4-1M
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — SI UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number

(2) Test date

(3) Manufacturer's name

(4) Test fluid

(5) Specific gravity (ideal) (S,)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve Non-reclosing Devices
(8) Bore diameter, mm (8) Minimum holder-bore diameter, mm (d,)
(9) Seat diameter, mm (9) Minimum net flow area, mm? (a)

(10) Seat angle, deg
(11) Valve-disk lift, mm (/)
(12) Actual discharge area, mm2 (ag)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, m (D)
(14) Meter-bore diameter, m (d)

(15) Meter-bore diameter squared, m? (d2)
(16) Beta ratio (8 = d/D)

(17) Trial flow coefficient (K,)

(18) Differential pressure at the meter, millimeters of water (AP)
(19) Barometric pressure, kPa (Pp)

(20) Static pressure at the meter, kPa (P,,)
(21) Fluid temperature at the meter, °C (T,,)
(22) Expansion factor (Y)

(23) Area factor for thermal expansion (£,
(24) Fluid density at meter inlet, kg/m?3 (om)
(25) Trial flow rate (W), kg/h

WrnE12510 x d® x Ko X Y X R AP X pp,

(26) Viscosity, kg/m-s (w)
(27) Reynolds number

A = 0.35368 x W,
° (D))
(28) Orifice plate discharge coefficient (C)
(29) Flow coefficient
K= c
1-p*
(30) Measured relieving capacity, kg/h
- WK
W, = K,

(81) Base pressure, kPa (Pg)
(32) Base temperature, °C (Tp)
(33) Density of dry air at 101.33 kPa and at the base temperature, kg/m? (o)
(34) Density at base condition, kg/m3
pp= SgX Pgps/101.33
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TEST REPORT FORM V-2.3.5.4-1M
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — S| UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet

(35) Volumetric rate at base condition at the meter, m3min

- W
g = 60[)3

(36) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, kPag (Py)
(38) Temperature at the valve inlet, absolute K (T,)
(39) Reference temperature at the valve inlet, absolute K (T,)
(40) Valve-inlet temperature correction
C= N/

(41) Valve capacity at reference inlet temperature, m3min
= q,xC
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TEST REPORT FORM V-2.3.5.5-1

| PRESSURERELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Sonic-Flow Method

(1) Test number

(2) Test date

(3) Manufacturer's name

(4) Test fluid

(5) Specific gravity (ideal) (S,)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve Non-reclosing Devices
(8) Bore diameter, in. (8) Minimum holder-bore diameter, in. (dj)
(9) Seat diameter, in. (9) Minimum net flow area, in.2 (a)

(10) Seat angle, deg
(11) Valve-disk lift, in. (/)
(12) Actual discharge area, in.2 (ag)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)

(14) Meter-bore diameter, in. (d)

(15) Beta ratio (8 = d/D)

(16) Meter discharge coefficient at sonic-flow conditions (C)
(17) Meter-bore area, in.? (a,,)

(18) Critical flow function (C*)

(19) Barometric pressure, psia (Pp)

(20) Meter inlet stagnation pressure, psia (Ps)

(21) Meter inlet stagnation temperature, absolute °R (T)
(22) Measured relieving capacity, Ibm/hr

P
- s X N 322
/15454 x Ts

Observed Data and Computed Results at the Device Inlet

W, =3600x Cx a, X C*x

(23) Set pressure, psig (Psgt) (burst pressure for non-reclosing device)

(24) Flow-rating pressure, psig (P;)

(25) Temperature at the valvesinlet, absolute °R (T,)

(26) Reference temperature at the valve inlet, absolute °R (T;)

(27) Density of dry air at*14.696 psia and reference temperature, Ibm/ft® (o)
(28) Density of fluid at reference condition, Ibm/ft

Pstd

pret = SgX B X q7eos

(29) Valve'capacity at reference condition, cfm

W,
W= gox oy W7
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.5-1M

PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — SI UNITS

Observed Data and Computed Results — Sonic-Flow Method

(1) Test number

(2) Test date

(3) Manufacturer’'s name

(4) Test fluid

(5) Specific gravity (ideal) (S)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve Non-reclosing Devices
(8) Bore diameter, mm (8) Minimum holder-bore diameter, mm (dj)
(9) Seat diameter, mm (9) Minimum net flow area, mm? (a)

(10) Seat angle, deg
(11) Valve-disk lift, mm (/)
(12) Actual discharge area, mm2 (a)

Flowmeter Calculations

13) Internal diameter of meter run pipe, m (D)

14) Meter-bore diameter, m (d)

15) Beta ratio (8 = d/D)

16) Meter discharge coefficient at sonic-flow conditions (C)
(17) Meter-bore area, m? (a,,)

(18) Critical flow function (C*)

(19) Barometric pressure, kPa (Pp)

(20) Meter inlet stagnation pressure, kPa (Pg)

(

(

—_~ o~~~

21) Meter inlet stagnation temperature, absolute K (T5)
22) Measured relieving capacity, kg/h

PS

| 83143 x T;

Observed Data and Computed Results at the Device Inlet

W,= 3600X C X a, x C*x

23) Set pressure, kPag (Pgey) (burst pressureifor non-reclosing device)

24) Flow-rating pressure, kPag (Py)

25) Temperature at the valve inlet, absolute K (T,)

26) Reference temperature at the valve inlet, absolute K (T;)

(27) Density of dry air at 101.33:kPa and reference temperature, kg/m? (psq)
(28) Density of fluid at reference _condition, kg/m?3

—~ e~~~

Pstd
pret = S X P X 101.33

(29) Valve capagity_at reference condition, m3/min

W;
0= = /T,

60 X pref V
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.6-1
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number

(2) Test date

(3) Manufacturer's name

(4) Test fluid

(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve Non-reclosing Devices
(8) Bore diameter, in. (8) Minimum holder-bore diameter, in. (d,)
(9) Seat diameter, in. (9) Minimum net flow area, in.2 (a)

(10) Seat angle, deg
(11) Valve-disk lift, in. (/)
(12) Actual discharge area, in.? (ag)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)

(14) Meter-bore diameter, in. (d)

(15) Meter-bore diameter squared, in.2 (d?)

(16) Beta ratio (8 = d/D)

(17) Trial flow coefficient (K,)

(18) Differential pressure at the meter, inches of water (h,,)
(19) Barometric pressure, psia (Pp)

(20) Static pressure at the meter, psia (P,,;)

(21) Fluid temperature at the meter, absolute °R (T;)
(22) Expansion factor (Y)

(23) Area factor for thermal expansion, absolute °R (F3)
(24) Compressibility at meter (2)

(25) Density, Ibm/ft3

~ (2.69991 )(Sg)(Pm)
pm = (T)(2)

(26) Trial flow rate, Ibm/hr

W = 35893 x d? x K,X Y X F; [hy X pn

(27) Viscosity, Ibm/ft-secy(u)
(28) Reynolds number

R = 0.00424 x W,
° (D)(w)
(29) Orifice plate discharge coefficient (C)
(30)\Elow coefficient
K= ¢ =
yi-8

(31) Base pressure, psia (Pp)
(32) Base temperature, absolute °R (Tj)
(33) Base compressibility factor (Zp)
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ASME BPVCXIII-2025

TEST REPORT FORM V-2.3.5.6-1
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Flowmeter Calculations (Cont’d)

(34) Density at base temperature and pressure
2.6991 x Sy x P

PB = T X Z

(35) Relieving capacity at base condition, cfh

IUAT)
%= Ko os)

Observed Data and Computed Results at the Device Inlet

(36) Set pressure, psig (Pgg) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, psig (P;)

(38) Temperature at the valve inlet, absolute °R (T,)

(39) Reference temperature at the valve inlet, absolute °R (T;)

(40) Valve-inlet temperature correction

C= JT/Tgr

(41) Valve capacity at reference inlet temperature, cfm

g= @O
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TEST REPORT FORM V-2.3.5.6-1M

PR SLLINITS
T I\ VT ONTTO

Observed Data and Computed Results — Flowmeter Method

(1) Test number

(2) Test date

(3) Manufacturer's name

(4) Test fluid

(5) Specific gravity (ideal) (S,)
(6) Ratio of specific heats (k)
(7) Molecular weight (M,,)

Measured Device Dimensions

Valve Non-reclosing Devices
(8) Bore diameter, mm (8) Minimum holder-bore diameter, mm (d})
(9) Seat diameter, mm (9) Minimum net flow area, mm? (a)

(10) Seat angle, deg
(11) Valve-disk lift, mm (/)
(12) Actual discharge area, mm2 (a,)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, m (D)

(14) Meter-bore diameter, m (d)

(15) Meter-bore diameter squared, m?2 (d?)

(16) Beta ratio (8 = d/D)

(17) Trial flow coefficient (K,)

(18) Differential pressure at the meter, millimeters of water (AP)
(19) Barometric pressure, kPa (Pp)

(20) Static pressure at the meter, kPa (P,)

(21) Fluid temperature at the meter, absolute K (Ty)
(22) Expansion factor (Y)

(23) Area factor for thermal expansion, absolute K (F3)
(24) Compressibility at meter (2)

(25) Density, kg/m?3

_(0.003483) (Sg) (Pp)
pm = (Tm)(2)

(26) Trial flow rate, kg/h

Wi = 12510 x d® X KoX Y X Fy JAPX py,

(27) Viscosity, kg/m-s\(w)
(28) Reynolds number

R = 0.35368 x W,
o (D)(w)
(29) Orifice plate discharge coefficient (C)
(30),Flow coefficient
K= ¢
1-p*

(31) Base pressure, kPa (Pg)
(32) Base temperature, absolute K (Tp)
(33) Base compressibility factor (Zp)
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TEST REPORT FORM V-2.3.5.6-1M
LLINUTS (CONTD)

LAY O TO (OO INT I

Observed Data and Computed Results — Flowmeter Method

Flowmeter Calculations (Cont’d)

(34) Density at base temperature and pressure
0.003483 x Sy x Pg

Pe = T, X Zp

(35) Relieving capacity at base condition, m3/h

o = LK)
(K)(og)

Observed Data and Computed Results at the Device Inlet

(36) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, kPag (Py)

(38) Temperature at the valve inlet, absolute K (T,)

(39) Reference temperature at the valve inlet, absolute K (T,)

(40) Valve-inlet temperature correction

c= Tk

(41) Valve capacity at reference inlet temperature, m3/min

_ (@)(©C)
= —&o
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TEST REPORT FORM V-2.3.5.7-1
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flow Resistance

(1) Test number

(2) Test date

(3) Manufacturer's name
(4) Ratio of specific heats (k)

(5) Molecular weight (M,,)

(6) Measured relieving capacity, lbm/hr (W,,) (from Form V-2.3.5.4-1 or Form V-2.3.5.5-1)
(7) Base pressure, psia (Pg)

(8) Base temperature, absolute °R (7o)

(9) Test rig inside diameter, ft (D)

(10) Length between taps A and B, ft (Log)

(11) Length between taps B and C, ft (Lg_¢)

(12) Length between taps C and D, ft (Lc_p)

(13) Pressure at tap B, psia (Piapg)

(14) Differential pressure between taps A and B, psia (APa.g)

(15) Differential pressure between taps B and C, psia (APg.c)

(16) Differential pressure between taps C and D, psia (AP¢.p)

Flow Resistance Factor Calculation

(17) Mass velocity, Ib/ft?-sec (G)
G = W/(3,600 x TT x D%/4)

Y[(k+ Wik =1)]
My = G144 Py !
32.2 x Myxki(1,544 x Ty)

(18) Mach number at pipe entrance

Solve by iteration

th— 1) x M3

Y1=1+ 2

(19) Pressure at pipe entrance

¥ e
2+ (k- 1) x M3

(20) Temperature at pipe entrance
Ti= T, x (PP VK

Calculate total resistance factor at-each pressure tap A, B, C, and D. Repeat steps (21) through (26) for each tap.
(21) Temperature at pressure tap, absolute °R

. T[—1 + /1 +2% (k= 1) X M3 X (P1/Pap)? X [1 + (k- 1) xM%/Z]}
= N
“ (k= 1) X M3 % (P Pap)?

(22) Sonic velocity at pressure tap, ft/sec

Cup= /322 X k X 1,544 X Tapl My,
(23)(Specific volume at pressure tap, ft3/lbm
Viap = (1,544 X Tp)(M,, X 144P;p)
(24) Mach number at pressure tap
Miap = G X Viap/ Gap
(25) Expansion factor at pressure tap

(k= 1) X (Mo

ytap= 1 2
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TEST REPORT FORM V-2.3.5.7-1

NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flow Resistance

Flow Resistance Factor Calculation (Cont’d)

(26) Total resistance factor to pressure tap

_ 1IME = (Mol = [k + 1)/2] X In[(Mp X Yi)/(MF X Yap)]
tap — Kk

(27) Resistance factor between pressure taps A and B

Kns= Kg— Ka
(28) Resistance factor between pressure taps B and C

Ksc= Kc— Ks
(29) Resistance factor between pressure taps C and D

Kco= Ko- Kc

(30) Friction factor
f= KapXx DI(4 X Lppg)

(31) Obtain the viscosity of air at Tz and Pg, « (centipoise)
(32) Reynolds number

Nre= D x G/(u/1,488)
(33) Pipe roughness, in.

E = 44.4 x D x [100& * V) _94:256/( Nge x /F)]
(34) Pipe resistance factor between pressure taps B and C

Afl g c
Kpipe B-C= D

(35) Test object individual flow resistance
Kri= Ka.c= Kpipe B-C

GENERAL NOTE: Equations for calculations are in accerdance with Lapple (1943), Levenspiel (1977), and the Colebrook
equation cited in Perry and Green (1984).
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TEST REPORT FORM V-2.3.5.7-1M
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — SI UNITS

Observed Data and Computed Results — Flow Resistance

(1) Test number

(2) Test date

(3) Manufacturer's name
(4) Ratio of specific heats (k)

(5) Molecular weight (M,,)

(6) Measured relieving capacity, kg/h (W) (from Form V-2.3.5.4-1M or Form V-2.3.5.5-1M)
(7) Base pressure, kPa (Pg)

(8) Base temperature, absolute K (7o)

(9) Test rig inside diameter, m (D)

(10) Length between taps A and B, m (La_g)

(11) Length between taps B and C, m (Lg.c)

(12) Length between taps C and D, m (L¢c_p)

(13) Pressure at tap B, kPa (Pygpg)

(14) Differential pressure between taps A and B, kPa (APp.g)

(15) Differential pressure between taps B and C, kPa (APg_¢)

(16) Differential pressure between taps C and D, kPa (AP¢_p)

Flow Resistance Factor Calculation

(17) Mass velocity, kg/m3-s (G)
G = W,/(3600 x Tt x D%4)

Y1[(k+ 1 /(k =1)]
My = G/1000 x Ps
M, x-Ki(83143 x T)

(18) Mach number at pipe entrance

Solve by iteration

~ th— 1) x M3
Y =M+ —
(19) Pressure at pipe entrance
k
Py = PB<;)(’(_1)
2+ (k-1)x M?

(20) Temperature at pipe entrance

Ti= T x (Pl Pg) ™ V%

Calculate total resistance factor at-each pressure tap A, B, C, and D. Repeat steps (21) through (26) for each tap.
(21) Temperature at pressure tap, absolute K

. T[ -1 +/1 +2% (k= 1) X M3 X (P1/Pap)® X [1 + (k- 1) x M%/Z]}
= N
“ (k= 1) X M3 % (P Pap)?

(22) Sonic velocity at pressure tap, m/s

Cap= | kx 83143x T, /M,
(23)(Specific volume at pressure tap, m3/kg
Vigp = (8.3143 X Tap)/(My X Piap)
(24) Mach number at pressure tap
Migp = G X Vigp/ Ciap
(25) Expansion factor at pressure tap

(k= 1) X (Mo

ytap= 1 2
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TEST REPORT FORM V-2.3.5.7-1M
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — SI UNITS (CONT’D)

Observed Data and Computed Results — Flow Resistance

Flow Resistance Factor Calculation (Cont’d)

(26) Total resistance factor to pressure tap
M3 = UMyl = [(k + 1)/2] X In[(MEp, X Y1)/(MF X Yiap)]
tap = k
(27) Resistance factor between pressure taps A and B

Kas= Kg—Ka
(28) Resistance factor between pressure taps B and C

Ke.c= Kc—Ks
(29) Resistance factor between pressure taps C and D

Kco= Ko -Kc

(30) Friction factor
f= Kag X DI(4 X Lag)

(31) Obtain the viscosity of air at Tz and Ps, « (centipoise)
(32) Reynolds number

Nre= D x GI(/1000)
(33) Pipe roughness, mm
E = 3700 x D x [100¢ X V) _ 4 256/(Nge x /F)]
(34) Pipe resistance factor between pressure taps B and C

Aflgc
Kpipe B-C'S D

(35) Test object individual flow resistance
Kri= Kg-c~ Kpipe B-C

GENERAL NOTE: Equations for calculations are in acéordance with Lapple (1943), Levenspiel (1977), and the Colebrook
equation cited in Perry and Green (1984).
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TEST SUMMARY REPORT FORM V-2.4.5-1
Pressure and Relief Valve Performance Test Report

STEAM

General Information

(1) Test number

(2) Test date

(3) Location

(4) Manufacturer’'s name and address
(5a) Valve type or model number
(5b) Valve serial or identification number
(5¢) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure and tolerance, units

(6) Test objective

Summary of Test Results

(7) Simmer, units (factory setting)
(8) Simmer, units (reset)
(9) Set pressure, units (factory setting)
(10) Set pressure, units (reset)
(11) Reseating pressure, units (factory setting)
(12) Reseating pressure, units (reset)
(13) Blowdown, units (factory setting)
(14) Blowdown, units (reset)
(15) Back pressure, units (built-up, superimposed, or both)
(16) Flow-rating pressure (valve inlet), units
(17) Valve-disk lift, units
(18) Measured relieving capacity, units
(19) Final flow measurement uncertainty

Measured Valve Dimensions

(20) Bore diameter, units

(21) Seat diameter, units

(22) Seat angle, deg

(23) Valve-inlet-opening diameter, units

(24) Ratio of valve-disk lift to bore diameter

(25) Ratio of bore diameter to the diameter of the valve-inlet opening

(26) Actual discharge area, units

(27) Remarks and conclusions_concerning the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM V-2.4.5-2
Pressure and Relief Valve Performance Test Report

LIQUIDS AND WATER

General Information

(1) Test number

(2) Test date

(3) Location

(4) Manufacturer’'s name and address
(5a) Valve type or model number
(5b) Valve serial or identification number
(5¢) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure, units

(6) Test objective

(7) Test fluid

(8) Specific gravity (ideal)

Summary of Test Results

(9) Set pressure, units (factory setting)
(10) Set pressure, units (reset)
(11) Reseating pressure, units (factory setting)
(12) Reseating pressure, units (reset)
(13) Back pressure, units (built-up, superimposed, or both)
14) Flow-rating pressure (valve inlet), units
15) Valve-disk lift, units
16) Measured relieving capacity, units
17) Final flow measurement uncertainty

—_~ e~~~

Measured Valve Dimensions

(18) Bore diameter, units

(19) Seat diameter, units

(20) Seat angle, deg

(21) Valve-inlet-opening diameter, units

(22) Ratio of valve-disk lift to bore diameter

(23) Ratio of bore diameter to the diameter of the.valve-inlet opening

(24) Actual discharge area, units

(25) Remarks and conclusions concerning(the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM V-2.4.5-3
Pressure and Relief Valve Performance Test Report

AIR, GAS, OR FUEL GAS

General Information

(1) Test number

(2) Test date

(3) Location

(4) Manufacturer's name and address
(5a) Valve type or model number
(5b) Valve serial or identification number
(5¢) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure and tolerance, units

(6) Test objective

(7) Test fluid

(8) Specific gravity (ideal)

(9) Ratio of specific heats
(10) Molecular weight

Summary of Test Results

(11) Start-to-discharge presssure, units (factory setting)
(12) Start-to-discharge pressure, units (reset)

(13) Simmer, units (factorysetting)

(14) Simmer, units (reset)

(15) Set pressure, units (factory setting)

(16) Set pressure, units (reset)

(17) Reseating pressure, units (factory setting)

(18) Reseating pressure, units (reset)

(19) Resealing pressure, units (factory setting)

(20) Resealing pressure, units (reset)

(21) Blowdown, units (factory setting)

(22) Blowdown, units (reset)

(23) Back pressure, units (built-up, superimposed, or'both)
(24) Flow-rating pressure (valve inlet), units

(25) Valve-disk lift, units

(26) Measured relieving capacity, units

(27) Final flow measurement uncertainty.

Measured Valve Dimensions

(28) Bore diameter, units

(29) Seat diameter, units

(30) Valve-inlet-opening diameter, units

(31) Ratio of valve-disk-ift to bore diameter

(32) Ratio of borerdiameter to the diameter of the valve-inlet opening

(33) Actual discharge area, units

(34) Remarksand conclusions concerning the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM V-2.4.5-4
Non-reclosing Pressure Relief Device Performance Test Report

AIR, GAS, OR FUEL GAS

General Information

(1) Test number
(2) Test date
(3) Location
(4) Manufacturer’'s name and address
(5a) Device type or model number
(5b) Device lot or identification number
(5¢) Connection (size, pressure rating, and type)
(5d) Marked set pressure and tolerance, units
(5e) Minimum net flow area, units (manufacturer specified)
(6) Test objective
(7a) Test fluid for set pressure
(7b) Test fluid for flow test
(8) Specific gravity (ideal)
(9) Ratio of specific heats
(10) Molecular weight

Summary of Test Results

(11) Set pressure, units
(12) Flow-rating pressure at device inlet, units
(13) Resistance factor (Kg;)

Measured Device Dimensions

(14) Minimum device bore diameter, units

(15) Remarks and conclusions concerning the objective of the test and* applicable items, such as vibrations.

Test Supervisor (Signed)

Date
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V-2.4.9 Part Vill: Graphical Presentation of Back-
Pressure Test Results

V-3.1.3 Responsibility of Person Conducting the
Test

Where a series of tests have been made with several
back pressures for a given opening pressure, the test
results can be presented by plotting curves, such as
the following:

(a) Abscissa: back pressures in percent of the opening
pressure at atmospheric back pressure

Ordinate: percent variation of opening pressures from
the opening pressure at atmospheric back pressure

(b) Abscissa: back pressures in percent of the relieving
pressure at atmospheric back pressure

Ordinate: relieving capacities in percent of relieving ca-
pacity at atmospheric back pressure

(c) Abscissa: back pressures in percent of the opening
pressure at atmospheric back pressure

Ordinate: percent variation of closing pressures from
the closing pressure at atmospheric back pressure

ARTICLE V-3
IN-SERVICE AND BENCH TESTING

V-3.1 GUIDING PRINCIPLES

V-3.1.1 Items on Which Agreement Shall Be
Reached

The parties to the test shall reach agreement on the
following items prior to conducting the test:

(a) object of the test

(b) parties to the test

(c) test site

(d) testing fluid

(e) methods of measurement, instrumentation, and
equipment to be used (calibrationcef*instruments shall
be in accordance with V-2.1.7)

(f) number, size, type, condition, source, and set pres-
sure of the devices to be tested

(g) method of determinihg seat tightness

(h) persons who shall conduct the test

(i) the writtenstest procedure that shall include the
observation apd readings to be taken and recorded to
comply with the” object or objectives of the test

V-3.1.2~Qualification of Person Conducting the
Test

A person who conducts the test shall have a working
knowledge of pressure relief device operating character-
istics. The person shall have practical experience in the
safe and accurate operation of the testing equipment.

Aperson who meets the qualifications of V-3.1.2 shall be
present at all times during the test and shall be solely
responsible for ensuring that all persons who are involved
in taking readings, making pressure and temperature
adjustments, or any other function that will affect.the
test results are fully informed as to the correct method
of performing such functions. This person conducting
the test shall also be responsible for ensuring that the
written test procedures are followed. This person shall
sign and date the test report, thereby\ verifying to the
best of the person's knowledge{that the report is
correct and that the test was conducted in accordance
with the written test procedudres. This person shall
verify that the instruments-have been calibrated as
required by V-3.1.7.

V-3.1.4 Test Apparatus

Procedures and arrangement of the test apparatus shall
be in accordance with V-3.2.

V-3.1,5 Preliminary Training

Sufficient training shall be conducted to ensure that
operating personnel are completely familiar with the
test equipment and their respective assignments.

V-3.1.6 Spare Instruments

If intended for use as replacements during the test,
spare instruments shall be calibrated in accordance
with V-3.1.7.

V-3.1.7 Calibration of Instruments

Each instrument used during the test shall be serialized
or otherwise positively identified and shall be calibrated
against certified equipment having known valid relation-
ships to nationally recognized standards. Each instru-
ment, depending on the type, shall be calibrated in
accordance with V-3.1.7.1 through V-3.1.7.3. Records of
instrument calibrations shall be available for review by
the interested parties.

V-3.1.7.1 Pressure. Pressure-measuring instruments
shall be calibrated in accordance with ASME PTC 19.2
within 30 days prior to the tests. Portable pressure-
measuring instruments shall be calibrated at a frequency
to ensure that measurements are within the uncertainty
limits. Calibration of other means of indicating or
recording pressure shall be agreed upon by the interested
parties.

V-3.1.7.2 Temperature. Temperature-measuring

3 + + hall L il tad 3 4 AN
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ASME PTC 19.3. Instruments of the types listed in
V-2.2.2.2(a), except bimetallic thermometers, shall be
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calibrated to at least two temperatures within a 90-day
period preceding the test or series of tests. Bimetallic ther-

concerning instruments and their use and may be
consulted for such information.

mometers shall be calibrated before and after each test or
series of tests. Calibration of other means of indicating or
recording temperature shall be agreed upon by the inter-
ested parties.

V-3.1.7.3 Force. Force-measuring instruments shall be
calibrated ata time interval to ensure the desired accuracy
using secondary force-measuring standards. Secondary
force-measuring standards, such as higher accuracy
force transducers or force proving rings, shall be cali-
brated at least once per year against a standard that is
traceable to a nationally recognized standard.

V-3.1.8 Adjustments During Test

If adjustments are necessary during in-service or bench
testing, a sufficient number of tests shall be performed to
determine final operating characteristics.

V-3.1.9 Records and Test Results

The test records shall include all observations,
measurements, instrument readings, and instrument
identification (if required) for the objectives of the
test. The parties of the test shall agree upon the respon-
sibility of record retention and distribution. Corrections to
data and corrected values shall be entered separately in
the test record. The test shall be reported in accordance
with V-3.4 of this Appendix.

V-3.1.10 Measurement Uncertainty

A pretest determination shall be performed to\deter-
mine that the limits of uncertainty of the final ‘measure-
ment specified in V-1.3 can be met by the'specified
instrumentation and procedures. A post-test uncertainty
analysis shall also be performed unless'the parties to the
test agree and verify that the specified instrumentation
and procedures, including data scatter, were used and
carried out in accordance with the test specification,
thereby confirming the post-test validity of the pretest
uncertainty determination. A guide for such determina-
tion is given in ASMEYPTC 19.1. These determinations
shall be documented by the facility and available for
review.

V-3.2 INSTRUMENTS AND METHODS OF
MEASUREMENTS

V-32.1 General

Subarticle V-3.2 describes the instruments, methods,
procedures, and precautions that shall be used in
testing pressure relief devices under this Appendix.

and Apparatus provide authoritative general information

126

V-3.2.2 Instrumentation

Where measurements of temperature, pressure, or lift
are required in this Appendix, the instrumentation used
shall comply with the specifications in V-3.2.2.1 through
V-3.2.2.3.

V-3.2.2.1 Temperature. Instructions on thermomeéters
or thermocouples and associated instruments are given in
ASME PTC 19.3, except that commercial, metal-éncased
thermometers shall not be used in tests conducted
under this Appendix. Other means-of temperature
measurement and indication may bésused, provided
they are of the same or greater dégree of accuracy as
for those described therein.

(a) Depending on operating conditions, or conveni-
ence, the temperature may be measured with certified
or calibrated liquid-in-glass thermometers, bimetallic
thermometers, resistance-type thermometers, or thermo-
couples. All of the above may be inserted directly into the
pipe or wells.except for liquid-in-glass thermometers,
which shall be’inserted into wells. The installation of
the tempetature-measuring device directly into the
pipe,cwithout the addition of a well, is desirable for
temperatures below 300°F (150°C).

(b) The following precautions shall be taken when
making any temperature measurements:

(1) No significant quantity of heat shall be trans-
ferred by radiation or conduction to or from the tempera-
ture-measuring device other than by the temperature of
the medium being observed (see ASME PTC 19.3).

(2) The immediate vicinity of the point of insertion
and external projecting parts shall be insulated.

(3) The temperature-measuring device shall extend
across the centerline in pipes of small diameter or shall be
inserted at least 6 in. (150 mm) into the fluid stream in
pipes over 12 in. (300 mm) in diameter.

(4) Temperature-measuring devices installed in
pipes carrying compressible fluids shall, wherever
possible, be installed at locations where the maximum
fluid velocity does not exceed 100 ft/sec (30 m/s).
Where such an installation is not possible, it may be nec-
essary to correct the temperature readings to the appro-
priate static or total temperature (see Bean, 1971, para.
1-3-17).

(5) The temperature-measuring devices shall be
inserted in locations so as to measure temperatures
that are representative of the flowing medium as
described under test arrangements.

(c) Thermometer wells, when used, shall be of the type
shown in ASME PTC 19.3. They shall be as thin walled and

The Performance Test Code Supplements on Instruments of as small a diameter as practicable; their outer surfaces

shall be substantially free from corrosion or foreign
matter. The well shall be filled with a suitable fluid.
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Mercury should notbe used for this fluid since its very low-
vapor pressure presents a serious health hazard to per-

the lift indicator. When extreme accuracy in results is
desired, measures shall be taken to distinguish

sonnel.

(d) Thermocouples, if used, shall have a welded hot
junction and shall be calibrated together with their exten-
sion wires over the anticipated operating range. They shall
be constructed of materials suitable for the temperature
and fluid being measured. The electromotive force of a
thermocouple shall be measured by a potentiometric
instrument or millivoltmeter of such precision that the
accuracy of the overall system is within the limit specified
in V-1.3. The cold junction shall be established by an ice
bath, reference standard, or compensating circuit built
into the potentiometer.

V-3.2.2.2 Pressure Measurements. Instructions on
pressure gages, water U-tubes, differential gages, and
manometers are given in ASME PTC 19.2. Other means
of pressure measurements and indication may be used
provided they are of the same or greater degree of accu-
racy as those described therein.

(a) Pressure-measuring stations shall be located in the
region where the flow is essentially parallel to the pipe or
vessel wall. For the measurement of static gage-pressure
differentials below 15 psi (100 kPa), liquid manometers
may be used.

(b) Pressure relief device-inlet pressure shall be the
static pressure as measured with a pressure tap posi-
tioned as shown in Figures V-3.2.2.2-1 and V-3.2.2.2-2.

(c) Backpressure shall be the static pressure measured
with a pressure tap positioned as shown“in
Figures V-2.2.2.10-2, V-2.2.2.10-4, and V-2.2.6.4x1.

(d) Proper corrections to the pressure readings shall be
made if there is a height of water or other liguid between
the point at which the pressure is to be measured and the
pressure instrument.

V-3.2.2.3 Valve-Lift Measurements

(a) The lift of the valve disk; under testing conditions,
shall be determined by suitable means to whatever degree
of accuracy is imposed by the procedure under which the
valve is being tested.

(b) In open-.orvented-bonnet designs, when the top of
the spindle may-be exposed during the tests, an indicator
of appropridté range may be attached to the top of the
valve torindicate the movement of the spindle. In
closéd-bonnet valves where the top of the spindle
cannot be exposed, arrangements shall be made to
permit indicating, reading, or recording spindle move-
ment outside the valve bonnet or cap. In either case,
care shall be exercised that the arrangement does not
impose an additional load on the valve spindle or interfere
with the operation of the valve.

Erroneous lift indications are possible under conditions

between this thermal expansion and actual valve lift.

V-3.2.3 In-Service Testing Procedures
V-3.2.3.1 General Features of Tests

(a) These valve tests are designed to ensure service
readiness for valve set pressure and operation, not fieces-
sarily to demonstrate total valve conformance,to this
Appendix or its specifications. The test methods per
V-3.2.3.2 or V-3.2.3.3 are acceptable to meet this require-
ment subject to agreement between the interested parties.

(b) Asasafety precaution, all opefating personnel shall
be properly trained in the appropriate test equipment
procedures, test preparationsj,dnd emergency plans.
Care shall be taken to protect personnel from elevated
temperature, noise leyéls;-and escaping fluids during
testing. Prior to testing,“a visual inspection of the valve
is recommended! Observations should include the
following as a minimum:

(1) gagging-of the valve

(2) valve leakage

(3) ihspection of discharge piping

(#)/corrosion or residue

{5) installation of appropriate cap and lever

(6) seal integrity (to ensure against unauthorized
adjustment)

(7) proper valve installation

CAUTION: Valves should be gagged during inspection when
personnel are within close proximity to the valve, provided
adequate overpressure protection of the system is main-
tained. The gag should be removed from the valve following
inspection and prior to the test. Gagging of valves should be
performed in accordance with the instructions outlined by
the valve manufacturer.

(c) A suitable pressure measurement instrument
meeting the requirements of V-3.2.2.2 shall be installed
at a location that allows accurate measurement of
system pressure at the valve inlet. Other measurement
instruments used with various test devices shall be in
conformance with the requirements of the device manu-
facturer.

V-3.2.3.2 Test Methods

(a) Testing With System Pressure. The pressure to the
valve inlet is increased until the set pressure is reached.
Observe and record the set pressure of the pressure relief
device and any other desired or pertinent valve charac-
teristics. Gradually decrease the inlet pressure until the
valve closes, and, if required, record the reseat pressure.
This test shall be repeated such that the operational char-
acteristics can be computed in accordance with the re-

of testing valves with fluids at elevated temperatures. The
temperature of the fluid may cause thermal expansion of
the valve parts, producing an erroneous initial reading on
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Figure V-3.2.2.2-1
Recommended Arrangement for Testing Valves With Compressible Fluids
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Figure V-3.2.2.2-2
Recommended Arrangement for Testing Valves With Incompressible Fluids
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Figure V-3.2.3.2-1
Field Test Accessory for Pilot-Operated Pressure Relief Valve

Field test
accessory

Pressure

gage \

Vent
valve

Throttling
valve

ZExternal
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Main
valve

_EI:9

gas supply [

Test conditions such as ambient temperature, valve
temperature, fluid conditions, back pressures, and instal-
lation conditions should approximate the normal oper-
ating conditions under which the pressure relief valve
would be exposed.

Seat leakage testing should be conducted per the re-
quirements of V-3.2.5.

(b) Testing With Other PressureSources.Oninstallations
with pilot-operated pressure relief valves where
increasing system pressure.above normal operating pres-
suremaynotbedesirable, afield testaccessorymaybeused
in accordance with-the*valve manufacturer’s recommen-
dations to determine’set pressure. See Figure V-3.2.3.2-1
for a typical arrangement using a field test accessory.

Tests by this"method shall be repeated such that the
operatiohal characteristics can be computed in accor-
danceswith the requirements of V-3.3.3.

(¢)"Testing With Auxiliary Lift-Assist Devices. On valve
installations where increasing system pressure above
normal operating pressure may not be desirable, auxiliary
lift devices may be used in accordance with the valve lift-
assist device manufacturer’s procedure and the manufac-
turer’s recommendations. The valve opening is character-

!

System
pressure

taneous readings of system pressure and applied load are
recorded. The load is released from the lift-assist device.
Valve set pressure may be presented graphically or be
calculated using measured system pressure, measured
lifting force, and the effective area of the valve seat.
The effective area of the valve seat can be calculated
from characterization tests or tests where the lift-
assist test is performed and the results compared with
a full pressure test. Before initial use of the lift-assist
device, function and valve effective seat area shall be vali-
dated by demonstrating that the calculated set pressure
determined by the lift-assist test compares with the actual
set pressure determined by a full pressure test within an
acceptable deviation agreed to by the parties of the test.
Validation tests may be required for the specific valve
design, size, and fluid conditions of the test. This test
shall be repeated such that the operational characteristics
can be computed in accordance with the requirements of
V-3.3.3. Valve reseat pressure cannot be determined using
this test method. Valve control elements shall be set to the
valve manufacturer’s specification.

CAUTION: Auxiliary lift devices can cause valve damage at

ized by an audible sound, momentary drop in assist load,
or system fluid release. At the time of the opening, simul-
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Auxiliary lift devices may not provide reliable results if
there is damage to valve internal parts or if the valve
has excessive leakage.
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V-3.2.3.3 In-Service Verification of Pressure-
Relieving Capacity

V-3.2.4.2 Compressible Fluids

La) Yol lead £ £, H £

(a) If the parties of the test agree, an approximation of
the relief valve flowing capacity can be determined in-
service following completion of one of the tests described
in V-3.2.3.2. In most cases, the purpose of such tests is to
verify that the pressure-relieving devices in service are of
adequate size to prevent an overpressure condition.

CAUTION: Precautions shall be taken during the tests to
ensure that the maximum allowable working pressure of
the system being protected is not exceeded beyond permis-
sible safe limits. Therefore, the safety procedures noted in
V-3.2.3.1(b) should be applied during the test.

(b) An accumulation test may be used if a quantitative
value of capacity is not desired. Such a test is conducted by
shutting off all the outlets from the vessel and maximizing
the energy and mass flow input, which will be relieved by
the pressure relief device. If the device is properly sized,
the pressure in the vessel should not rise above a prede-
termined acceptable point. This method should not be
used on a steam boiler with a superheater or reheater
on a high-temperature water boiler.

(c) An estimated quantitative measure of flowing ca-
pacity can be determined for pressure relief valves
mounted on steam boilers. As in the accumulation test
described herein, all steam discharge outlets are shut
while firing the boiler at a controlled rate sufficient to
keep the valve open at a specified pressure. While main-
taining steady steaming conditions over a long period,of
time, pressure relief valve capacity may be estimatéd from
a measure of the rate of feed water input to thé.boiler.

(d) Othertestarrangements may be used ifagreed to by
all interested parties. As an example, the.d@frangements
may include the attachment of a vessel to the valve
outlet for collection of the discharged fluid and release
to atmosphere through a flowmetering device. Precau-
tions should be taken to ensure that the built-up back pres-
sure that may result does not affect the valve operation.

V-3.2.4 Bench Testing Procedures

V-3.2.4.1 General Features of Tests. There shall be
assurance thatthe pressure relief devices are properly
assembled with components that meet the design spec-
ification fequirements. The pressure relief device shall
be cledn jand ready for test.

The pressure relief device to be tested shall be installed
en.a test vessel with adapter fittings (flanged, screwed,
welded, etc.). See Figure V-2.2.2.10-1 for acceptable
adapter fitting contours for minimum inlet pressure
drop. Other adapter fittings may be used provided the
accuracy of the test is not affected. Operating and envir-
onmental conditions shall be maintained in accordance

fe—Valres-marked-for-steam-service-shall-be-testedon
steam. Valves marked for air, gas, or vapor service shall be
tested with air or gas.

(b) Pressure relief valve-inlet pressure shall be the
static pressure as measured with a pressure tap posi¢
tioned as shown in Figure V-3.2.2.2-1.

NOTE: For steam testing, the quality of the steam may affect the
operational characteristics of the valve. The steam quality may
be affected by inadequate moisture separation, an underheated
test vessel, or improper steam trap operation.

(c) Increasethe pressure at the valve inlét to 90% of the
expected set pressure. Then increasé-at a rate equal to 2%
of set pressure per second or at.a rate that permits accu-
rate pressure readings. Observe‘ahd record the set pres-
sure and other pertinent valve characteristics. Decrease
the inlet pressure until the-valve closes.

This test shall be repeated such that operational char-
acteristics can be_¢omiputed in accordance with V-3.3.3.

(d) To obtain an accurate reseat pressure measure-
ment, an adequate volume of test medium is required
at the valvednlet. When determining this volume, consid-
eration shall be given to the cycle time and size of the
devigelbeing tested relative to the rate of supply of the
test\medium.

V-3.2.4.3 Incompressible Fluids

(a) Valves marked forliquid service shall be tested with
water or another suitable liquid.

(b) Pressure relief valve-inlet pressure shall be the
static pressure as measured with a pressure tap posi-
tioned as shown in Figure V-3.2.2.2-2.

(c) Increasethe pressure atthe valve inlet to 90% ofthe
expected set pressure. Then increase at a rate equal to 2%
of set pressure per second or at a rate that permits accu-
rate pressure readings. Observe and record the set pres-
sure and other pertinent valve characteristics. Decrease
the inlet pressure until the valve closes.

This test shall be repeated such that operational char-
acteristics can be computed in accordance with V-3.3.3.

V-3.2.5 Seat Tightness Test

Seat tightness can be determined, when required, using
API Standard 527 or another method agreed to by the
parties of the test. These methods may include wet
paper towel, soap bubble, cold bar, mirror, or fluid collec-
tion tests.

V-3.3 COMPUTATION OF RESULTS

V-3.3.1 Correction of Measured Variables

The values of measured variables shall be corrected in

with the rnqnirnmnnfc of the prr\rnr]nrn ncar]_ The dura

tion of the test shall be that required to obtain the nec-
essary performance data under stable conditions.
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accordance with instrument calibrations. No other correc-
tions to the data are permitted.
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V-3.3.2 Review of Instrument Readings

readings recorded in the log shall be reviewed for incon-
sistency and large fluctuation in accordance with ASME
PTC 19.1.

V-3.3.3 Computation of Operational
Characteristics

When specified in V-3.2 to determine specific opera-
tional characteristics, the result will be computed as
per V-3.3.3.1 through V-3.3.3.3.

V-3.3.3.1 SetPressure. The computed set pressure will
be the average of at least the last three measured set pres-
sures once established and stabilized. A set pressure is
considered stable when the measured set pressures
show no significant upward or downward trend
whereby all are within +1% or +0.5 psi (4 kPa), whichever
is greater, of the computed set pressure.

V-3.3.3.2 Blowdown. The computed blowdown shall
be the average of the individual blowdowns of those
tests used to determine the computed set pressure in
V-3.3.3.1.

V-3.3.3.3 Lift. The computed lift shall be the average of
the individual lift measurements of those tests used to
determine the computed set pressure.

V-3.4 TEST SUMMARY REPORT FORM
V-3.4.1 General Instructions

(a) The Report of Test shall be prepared for the
purpose of formally recording observed~data and
computed results. It shall contain sufficient'supporting
information to prove that all objectiyes of any tests
conducted in accordance with this Appendix have been
attained.

(b) The procedures describedlin V-3.3 are recommend-
ed for use in computing the test results.

(c) TheReportof Testshall include Parts1to IV aslisted
in (1) through (4) herein and may include any of the
remaining parts as-agreed to by the contracting parties.

(1) Part I: General Information

(2) PartAl; Simmary of Results

(3) Part\l: Description of Valve Under Test

(4) ®Part 1V: Observed Data and Computed Results

(5)\Part V: Test Conditions and Corrections Agree-
ments

(6) Part VI: Test Methods and Procedures

(7) Part VII: Supporting Data

Paragraphs V-3.4.2 through V-3.4.8 give a discussion of
each Part of the Test Report.

V-3.4.2 Part I: General Information

Bef retati tertaker—the P tishattrretrdte-the—fotorretters:

(a) date of test

(b) location of test facilities

(c) valve manufacturer’s name

(d) valve type or model number

(e) valve identification

(f) marked set pressure

(g) inlet and outlet connection sizes

(h) person conducting test

(i) operational characteristics to be measured
(j) test fluid

V-3.4.3 Part Il: Summary of Results

Part Il shall include those computedvalues with units of
measurement and characteristies listed in V-3.4.2 that
describe the performance of the valve at test conditions.

V-3.4.4 Part lll: Description of Valve Under Test

Part IIl may includejassembly drawings, manufacturing
drawings, and-measured dimensions. Manufacturing
drawings forthese parts may be submitted with the
assembly drawing. The dimensions of these parts shall
includecthe ‘following, if applicable:

(a)-bore diameter, in. (mm)

(D] seat diameter, in. (mm)

(c) seat angle, deg

(d) inlet opening diameter, in. (mm)

(e) ratio of throat diameter to the diameter of the inlet
opening

(f) actual discharge area, in.? (mm?)

V-3.4.5 Part IV: Observed Data and Computed
Results

Part IV shall include a record of data and calculations
required for the results of the tests. The data shall have
been corrected for instrument calibrations and conditions
prevailing for each test run.

V-3.4.6 Part V: Test Conditions and Corrections
Agreements

Operating conditions, such as the following, that have
been agreed upon prior to the test shall be reported for
each test:

(a) valve-inlet maximum pressure

(b) valve-inlet temperature

(c) valve temperature profile

V-3.4.7 Part VI: Test Methods and Procedures

Part VI shall include a description of the instruments
and apparatus used to measure the various quantities
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and procedures for observing the mechanical character-
istics of the valve under test.
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V-3.4.8 Part VII: Supporting Data

(a) instrument calibration records
(b) detailed log sheets

Pdl L ‘V’II blldn iududc PEl LillCIlL IIIdLCT ldl bupplclucudug
data presented elsewhere in the report, whereby an inde-
pendent verification of the report results can be made.
This material may include, but not necessarily be
limited to, the following:

(c) sample calculations
(d) graphical presentation of data
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NONMANDATORY APPENDIX A
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS IN
THE ASME BOILER AND PRESSURE VESSEL CODE

A-1 USE OF UNITS IN EQUATIONS

The equations in this Section are suitable for use with
either the U.S. Customary or the Sl units provided in 1.5, or
with the units provided in the nomenclatures associated
with the equations. 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 it is
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
equivalents:

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

(b) In general, both SI and U.S. Customary tables are
provided if interpolation is expected. The tabkle designa-
tion (i.e., table number) is the same for both thé SIand U.S.
Customary tables, with the addition of@an’ “M” after the
table number for the SI table. In the-text, references to
a table use the primary table nuthber followed by the
secondary table number in‘parentheses. For some
small tables, where interpolation is not required, U.S.
Customary units are placed’in parentheses after the SI
units.

(c) Separate Skversions of graphical information
(charts) are provided, except that if both axes are dimen-
sionless, a single: figure (chart) is used.

(d) Inmostcases, 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”

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 1], Part D gener-
ally include three significant figures:

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

Fraction, ProposedSI Conversion, Difference,
in. mm %
Yoo 0.8 -0.8
Yoa 1.2 -0.8
Yo 1.5 55
%2 2.5 -5.0
Ve 3 5.5
Va2 4 -0.8
Y6 5 -5.0
Yan 5.5 1.0
Y 6 5.5
Y6 8 -0.8
A 10 -5.0
e 11 1.0
Y 13 -2.4
P 14 2.0
A 16 -0.8
e 17 2.6
A 19 0.3
A 22 1.0

1 25 1.6

(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
converting 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.]

or soft conversion of 20 684.27 kPa. However, the preci-
sion of the conversion was determined by the Committee
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Size, in. Size, mm
1 25
1Y% 29
1Y, 32
1Y%, 38
2 50
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