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FOREWORD

Federal regulations applicable to nuclear power plants require that measures be established to ensure that certain
equipment operates as specified. This Standard sets forth requirements and guidelines that may be used to ensure that
active mechanical equipment is qualified for specified service conditions. As determined by federal regulators and/or
nuclear power plant licensees, this Standardmay be applied to future nuclear power plants or existing operating nuclear
power plant component replacements, modifications, or additions.
In the early 1970s, initial development of qualification standards was assigned to the N45 Committee of the American

National Standards Institute (ANSI). The N45 Committee in turn established a task force to prepare two series of stan-
dards to ensure that pumps and valves used in nuclear plant systems would function as specified. The N45 Committee’s
valve task force (N278) was reassigned in 1974 to the American National Standards Committee B16 and designated
Subcommittee H. The first qualification standard to be issued for valves was ANSI N278.1-1975, which covered the
preparation of functional specifications. In 1982, the task force was reassigned to The American Society of Mechanical
Engineers (ASME) Committee on Qualification ofMechanical Equipment Used in Nuclear Power Plants (QME) and desig-
nated the Subcommittee onQualification of Valve Assemblies. As an interimmeasure, in 1983, ANSI B16.41was issued to
cover functional qualification requirements for power-operated active valve assemblies for nuclear power plants.
The N45 Committee’s pump task force (N551), established in 1973, was assigned to ASME Nuclear Power Codes and

Standards alongwith N278 as part of the Subcommittee QNPE, Qualification of Nuclear Plant Equipment. Both N551 and
N278 operated as Subcommittee QNPE until 1982, when theywere reassigned to the QME Committee and designated as,
respectively, the Subcommittee on Qualification of Pump Assemblies and the Subcommittee on Qualification of Valve
Assemblies. In June 1977, an agreement between the Institute of Electrical and Electronics Engineers (IEEE) and ASME
was formulated, giving primary responsibility for qualification standards to IEEE and for quality assurance standards to
ASME. This arrangement remained in effect until ASME established the Committee on Qualification ofMechanical Equip-
ment Used in Nuclear Power Plants, now known as the Committee on Qualification of Mechanical Equipment Used in
Nuclear Facilities.
The various parts of ASME QME-1–1994 were approved by ANSI on the following dates: Section QP, September 22,

1992; Section QR, June 8, 1993; Section QR, Nonmandatory Appendix A, October 7, 1993; Section QR, Nonmandatory
Appendix B, May 14, 1993; and Section QV and its Nonmandatory Appendix A, February 17, 1994. Section QV was a
revision and redesignation of ANSI B16.41-1983.
ASMEQME-1–2002waspublished in2003. InSeptember2003, itwas recognized that theStandardhadaspects, suchas

theprocess forvalvequalification, that couldbetterusenewcomputer analytical techniques and thatwereproscriptive in
nature. In addition, seismic qualification needed to be updated to recognize new industry guidance. New sections were
needed on standardization of experience-based seismic equipment qualification and the qualification of dynamic
restraints. At the time, industry experience had demonstrated that qualification to ASME QME-1 was required
without the specification of theparameters forwhich equipment needed tobe qualified. Theuse of this Standard requires
that a Qualification Specification be provided.
ASME QME-1–2007 was endorsed by the Nuclear Regulatory Commission (NRC) and was the first edition of ASME

QME-1 to be so endorsed. It was approved as an American National Standard on June 25, 2007.
The 2012 edition of this Standard was approved as an American National Standard on September 17, 2012.
The 2017 edition of this Standard was approved as an American National Standard on March 21, 2017.
Following approval by the ASMEQMECommittee, ASMEQME-1–2023was approved by ANSI as an AmericanNational

Standard on January 13, 2023.

vii

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME Q
ME-1 

20
23

https://asmenormdoc.com/api2/?name=ASME QME-1 2023.pdf


COMMITTEE
ON QUALIFICATION OF MECHANICAL EQUIPMENT USED IN

NUCLEAR FACILITIES

(The following is the roster of the Committee at the time of approval of this Standard.)
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S. Norman, Chair

S. M. Jones, Vice Chair
R. Rahaman, Secretary
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STANDARDS COMMITTEE PERSONNEL
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R. W. Barnes, Anric Enterprises, Inc.
A. Cardillo, Nuscale Power, LLC
D. P. Crane, Westinghouse Electric Co.
J. R. Holstrom, Val-Matic Valve and Manufacturing Corp.
S. M. Jones, Fisher Controls
I. T. Kisisel, Retired
H. S. Koski, Jr., Altran Solutions
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J. P. Lambin, Crane Nuclear
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R. Rahaman, The American Society of Mechanical Engineers
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M. S. Shutt, Duke Energy Corp.
W. Velkoff, Curtiss-Wright, Target Rock
D. Wiener, The American Society of Mechanical Engineers
R. D. Yeardley, National Technical Systems—Huntsville Operations
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SUBCOMMITTEE ON QUALIFICATION OF VALVE ASSEMBLIES

S. M. Jones, Chair, Fisher Controls
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T. P. Ruggiero, Consultant
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H. R. Sonderegger, Fluoroseal Valves USA
P. W. Turrentine, National Technical Systems — Huntsville Opera-
tions Nuclear Engineering and Test Services

W. Velkoff, Curtiss-Wright, Target Rock
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R. D. Yeardley, National Technical Systems— Huntsville Operations
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SUBCOMMITTEE ON QUALIFICATION OF ACTIVE DYNAMIC RESTRAINTS

S. Norman, Chair, Enercon Services, Inc.
T. Canter, Vice Chair, Duke Energy
N. B. Frank, Secretary, American Electric Power
R. Rahaman, Secretary, The American Society of American Engineers
G. Bedi, U.S. Nuclear Regulatory Commission
D. C. Boes, Consultant
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Nuclear Engineering and Test Services
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M. S. Shutt, Duke Energy Corp.
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Inc.

SUBCOMMITTEE ON QUALIFICATION OF PUMP ASSEMBLIES

D. P. Crane, Westinghouse Electric Co. A. M. Kouvolo, Consultant
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CORRESPONDENCE WITH THE QME COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/QMEcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to incorporate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-
dard. Approved revisions will be published in the next edition of the Standard.
In addition, the committee may post errata on the committee web page. Errata become effective on the date posted.

Users can register on the committee web page to receive e-mail notifications of posted errata.
This Standard is always open for comment, and the committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number(s), the proposedwording, 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 gain experience with alternative or potential additional requirements prior to incorporation

directly into the Standard
(4) to permit the use of a new material or process

(b) Users are cautioned 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 Standard.

(c) Aproposedcase shall bewrittenas aquestionandreply in the same format asexisting cases. Theproposal 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 Standard and the paragraph, figure, or table number(s)
(4) the edition(s) of the Standard to which the proposed case applies

(d) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Approved cases are posted on the committee web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Standard. An
interpretation can be issued only in response to a request submitted through the online Interpretation Submittal Format
https://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming receipt.
ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the Standard requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistancebeobtained. Inquirers
can track the status of their requests at https://go.asme.org/Interpretations.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.
Interpretationsarepublished in theASME InterpretationsDatabaseathttps://go.asme.org/Interpretationsas theyare

issued.
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Committee Meetings. The QME Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend anymeeting should contact the secretary of the committee. Information on future committeemeetings
can be found on the committee web page at https://go.asme.org/QMEcommittee.
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ORGANIZATION OF ASME QME-1

1 GENERAL

ASME QME-1 is divided into sections that are desig-
nated by capital letters: the letter “Q,“ which stands for
qualification, followed by one or more letters that gener-
ally indicate the subject matter of the section. This Stan-
dard consists of four major sections as follows:

(a) Section QR: Qualification Requirements
(b) Section QDR: Qualification of Dynamic Restraints
(c) Section QP: Qualification of Active Pump Assem-

blies
(d) Section QV: Qualification Requirements for Active

Valve Assemblies for Nuclear Facilities

2 SECTIONS

Sections are divided into articles, subarticles, subsubar-
ticles, paragraphs, and, where necessary, subparagraphs
and subsubparagraphs.

3 ARTICLES

Articles are designated by the applicable letters indi-
cated above for the sections, followed by Arabic
numbers in units of 1,000, such as QR-1000, QP-2000,
or QV-6000. Whenever possible, articles dealing with
the same topic are given the same number in each
section in accordance with the general scheme that
follows:

Article Number Title
1000 Scope
2000 Purpose
3000 References
4000 Definitions
5000 Qualification Principles and Philosophy
6000 Qualification Specification Criteria
7000 Qualification Program
8000 Documentation

The numbering of the articles and the material
contained in thearticlesmaynot, however,beconsecutive.
Due to the fact that the complete outlinemay cover phases
not applicable to a particular section or article, the rules
have been prepared to allow gaps in the numbering.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as
QR-7100 or QV-7200. When more than nine subarticles
are required, numbering is donebyparagraph andunits of
1 starting with 10.

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as QR-
8310 or QR-8320.

6 PARAGRAPHS

Paragraphs arenumbered inunits of 1, such asQR-8321
or QV-8322.

7 SUBPARAGRAPHS

Subparagraphs, when they are major subdivisions of a
paragraph, are designated by adding a decimal followed
by one or more digits to the paragraph number, such as
QR-8321.1 or QV-8321.2. When they are minor subdivi-
sionsof aparagraph, subparagraphsmaybedesignatedby
lowercase letters in parentheses, such as QR-8321(a) or
QV-8321(b).

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lowercase
letters in parentheses to the major subparagraph
numbers, such as QR-8321.1(a) or QV-8321.1(b). When
further subdivisions of minor subparagraphs are neces-
sary, subsubsubparagraphs are designated by adding
Arabic numbers in parentheses to the subsubparagraph
designation, such as QR-8321.1(a)(1) or QV-8321.1(a)(2).

9 ð23ÞREFERENCES

References used within this Standard generally fall into
one of the following three categories:

(a) References toOther Portions of This Standard.When
a reference is made to another article, subarticle, or para-
graph, all numbers subsidiary to that reference shall be
included. For example, reference to QR-5000 includes all
material in article QR-5000; reference to QR-7300
includes all material in subarticle QR-7300; reference
to QR-7320 includes all material in subsubarticle
QR-7320.

(b) References to the Boiler and Pressure Vessel Code
(ASME BPVC) and to Other Standards. When a reference
ismade to any sectionof theBPVC, or to other standards, it

xii
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shall be understood to mean the designated article, para-
graph, figure, or table in thedesignateddocument. All such
references shall be identified in the text of this Standardby
the document’s issuing source and the document’s unique
identification number, e.g., ASME BPVC, Section III,
Subsection NF; IEEE Std 627; or 10CFR50 Part A. If
required, further reference to unique articles or para-
graphs of the referenced documentmay also be described,
e.g., ASME BPVC, Section III, Subsection NF, subpara. NF-
3211.1(a). Each short reference made in the text shall be
described in more complete detail in Article 3000 by
issuing source, unique identification number, year of
publication being referenced, and full title, e.g., IEEE
Std 382-1980, Standard for Qualification of Safety
Related Valve Operators. It should be noted by users
of this Standard that regulatory requirements and

Codes of Record for a particular nuclear power plant
may take precedence over references used within this
Standard. Article QR-3000 lists the references applicable
for all sections.

(c) References toAppendices.Twotypesof appendixare
included in this Standard, designatedMandatory andNon-
mandatory. Both types of appendix are designated by the
prefix Q. This is followed by letter(s), which are the same
used by the section towhich the appendix applies, e.g., QR.
Mandatory appendices contain requirements thatmust be
followed in qualification; such references are uniquely
identified by a roman numeral, e.g. , Mandatory
Appendix QR-I, and its specific title. Nonmandatory
appendices provide information or guidance; such refer-
ences are designated by a capita l let ter , e .g . ,
Nonmandatory Appendix QR-A, and its specific title.

xiii
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ASME QME-1-2023
SUMMARY OF CHANGES

Following approval by the ASME QME Committee and ASME, and after public review, ASME QME-1–2023 was approved
by the American National Standards Institute on January 13, 2023.

Throughout this Standard, the phrase “Registered Professional Engineer” has been changed to “Certifying Engineer.” In
addition, ASME QME-1–2023 includes the following changes identified by a margin note, (23).

Page Location Change
xii Organization of ASME QME-1 Paragraph 9(b) revised
1 QR-3000 Updated in its entirety
3 QR-4000 Definition of significant aging mechanism added
5 QR-5310 Revised
8 QR-8000 In QR-8200, QR-8300, QR-8400, and QR-8500, lists reformatted
10 QR-I-1120 Revised in its entirety
11 QR-I-1300 Added
12 QR-A-3000 Revised
15 QR-A-5610 Reference in last sentence updated
15 QR-A-5620 Reference in last sentence updated
21 QR-A-7210 Revised
26 QR-A-7500 Added
30 QR-A-8340 Added, and subsequent paragraph redesignated
30 QR-A-8350 Formerly QR-A-8340, first sentence revised
31 QR-B-3000 Revised
41 QDR-3000 (1) Definition of activation revised

(2) Definitions of fatigue failure and fatigue life added
42 QDR-4110 Revised
43 QDR-4210 Revised
43 QDR-4310 Revised
43 QDR-4410 Revised
45 QDR-6223.1 Subparagraphs (a), (b), and (g) revised
46 QDR-6223.2 Subparagraphs (a), (b), (f), and (g) revised
46 QDR-6223.3 Subparagraphs (b) and (c) revised
47 QDR-6223.4 (1) Subparagraph (b) revised

(2) Subparagraphs (d) through (f) added
47 QDR-6223.4.2 Subparagraph (a) revised
47 QDR-6224 Revised
47 QDR-6226 First paragraph revised
52 QDR-I-5300 Revised
53 QDR-I-5320 Subparagraph (f) added, and the subsequent subparagraph

redesignated

xiv
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Page Location Change
53 QDR-I-5400 (1) Subparagraphs (a)(2) and (b)(2) revised

(2) Subparagraph (c)(5) added and subsequent subparagraph
redesignated

55 Nonmandatory Appendix QDR-A Revised
57 Nonmandatory Appendix QDR-B Revised
59 QP-3000 Revised
65 QP-8310 In subpara. (c), cross-reference updated
65 QP-8320 In subpara. (e), cross-reference updated
79 Table QV-7300-1 Note (6) revised
85 QV-7561 Last sentence added
87 QV-7660 Last sentence added
91 QV-I-2000 Last sentence added
98 QVG-3000 Revised
100 QVG-6500 Example (3) added
105 QVG-8400 Added
107 QVG-8500 Added

xv
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Section QR
General Requirements

QR-1000 SCOPE

This Standard provides the requirements and guide-
lines for the qualification of active mechanical equipment
whose function is required to ensure the safe operation or
safe shutdown of a nuclear facility. In addition to require-
ments and guidelines put forth in this Standard, the active
mechanical equipment shall comply with the require-
ments of the applicable design and construction codes
and standards.
This Standard does not apply to electric components

such as motors, electric valve actuators, instrumentation,
and controls, which are qualified by conformance with
appropriate IEEE standards.

QR-2000 PURPOSE

The purpose of this Standard is to provide the require-
ments and recommended practices to qualify active
mechanical equipment to meet specified functional re-
quirements during operation and during or after any
postulated abnormal or accident conditions.

QR-3000ð23Þ REFERENCES

This article lists reference documents from which
guidance, concepts, principles, practices, criteria, and pa-
rameters have been carried forward into this Standard.
QR-3100 provides the industry standards and applica-

ble editions referenced in ASME QME-1 and QR-3200
provides general reference documents used in ASME
QME-1.

QR-3100 Qualification Requirement

Table QR-3100-1 lists the current industry standards
referenced by ASME QME-1 and earlier editions consid-
ered acceptable for usewithASMEQME-1. It is the respon-
sibility of the user to select an edition of an industry
standard that has been accepted by the Regulatory
Authority having jurisdiction over the Nuclear Facility
to which the ASME QME-1 standard is to be applied.

QR-3200 General Reference Documents

Listed below are general reference documents
discussed and used in the development of this Standard.

QR-3210 Applicable in Mandatory Appendix QR-I

Asia-Pacific Economic Cooperation (APEC) agreement
(www.apec.org)

Fédération Européenne d'Associations Nationales
d'Ingénieurs (European Federation of National Engi-
neering Associations) (FEANI) (www.feani.org)

International Professional Engineers Agreement (IPEA),
formerly known as the Engineering Mobility Forum
(www.ieagreements.org/agreements/ipea)

The Washington Accord
(www.ieagreements.org/accords/washington)

QR-3220 Applicable in Nonmandatory Appendix
QR-A

Advanced Light Water Reactor (ALWR) First-of-a-Kind
Engineering (FOAKE) Project on Equipment Seismic
Qualification, Advanced Reactor Corporation (ARC),
April 1995

Publisher: U.S. Nuclear Regulatory Commission (NRC),
OneWhite Flint North, 11555 Rockville Pike, Rockville,
MD 20852-2738 (www.nrc.gov)

EPRINP-5228-V1R1, Addendum to Seismic Verification of
Nuclear Plant Equipment Anchorage: Volume 1:
Development of Anchorage Guidelines, Revision 1,
June 30, 1994

Publisher: Electric Power Research Institute (EPRI), 3420
Hillview Avenue, Palo Alto, CA 94304 (www.epri.com)

NRCRegulatoryGuide (RG)1.60,DesignResponseSpectra
for Seismic Design of Nuclear Power Plants, Revision 2,
dated July 2014

NRC RG 1.61, Damping Values for Seismic Design of
Nuclear Power Plants, Revision 1, dated March 2007

NRC Supplemental Safety Evaluation Reports on the GIP,
Revision 2, Corrected 2/14/92 (SSER No. 2), the GIP,
Revision 3, Updated 5/16/97 (SSER No. 3), and the
GIP, Revision 3A, dated December 2001

NRC NUREG-0800, Standard Review Plan, Section 3.7.2,
Seismic Systems Analysis, Revision 4, September 2013

NRC NUREG-0800, Standard Review Plan, Section 3.7.3,
Seismic Subsystem Analysis, Revision 4, September
2013

ASME QME-1–2023

1

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME Q
ME-1 

20
23

https://asmenormdoc.com/api2/?name=ASME QME-1 2023.pdf


Table QR-3100-1
Reference Standards

Designator Title

Latest QME
Referenced

Edition

Other
Acceptable

Editions

Applicable
Sections or
Appendices

American Nuclear Society (ANS)
ANS 51.1 Nuclear Safety Criteria for the Design of Stationary Pressurized

Water Reactor Plants
1988 ... QR

ANS 52.1 Nuclear SafetyCriteria for theDesignof StationaryBoilingWater
Reactor Plants

... ... ...

American National Standards Institute/Hydraulic Institute (ANSI/HI)
ANSI/HI 1.1–1.5 Centrifugal Pumps 1994 ... QP
ANSI/HI 1.6 Centrifugal Pump Tests 2000 1994 QP
ANSI/HI 9.1–9.5 Pumps—General Guidelines for Types, Definitions, Application,

Sound Measurement and Decontamination
2015 2000 QP

American Petroleum Institute (API)
API 610 Centrifugal Pumps for Petroleum, Petrochemical, and Natural

Gas Industries
2021 2010, 2004, 2003,

1995, 1989
QP

API 611 General-purpose Steam Turbines for Petroleum, Chemical, and
Gas Industry Services

2008 1997, 1988 QP

API 682 Pumps — Shaft Sealing Systems for Centrifugal and Rotary
Pumps

2014 2004, 2002, 1994 QP

American Society of Civil Engineers (ASCE)
ASCE Standard 4 Seismic Analysis of Safety-Related Nuclear Structures 2016 1998, 1986 QR, QR-A, QDR,

QV, QP
American Society of Mechanical Engineers (ASME)
ASME BPVC,
Section III

Rules for Construction of Nuclear Facility Components 2021 2019, 2017, 2015,
2013, 2010,
2007, 2004,
2001, 1998,
1995, 1992

QR, QR-A, QDR,
QV, QP

ASME B73.1 Specification for the Horizontal End Suction Centrifugal Pumps
for Chemical Process

2020 2012, 1991 QP

ASME B73.2 Specification forVertical In-LineCentrifugal Pumps forChemical
Process

2016 2003 QP

ASME O&M Code OperationsandMaintenanceofNuclearPowerPlants,Division1,
OM Code: Section IST

2020 2017, 2015, 2012,
2009, 2004,
2001, 1998,
1995, 1990

QR,QR-A,QP,QVG

ASME PTC 8.2 Centrifugal Pumps 1990 ... QP
Institute of Electrical and Electronics Engineers (IEEE)
IEEE Std 101 IEEE Guide for the Statistical Analysis of Thermal Life Test Data 1995 1974 QR, QR-B, QP, QV
IEEE Std 323 IEEE Standard for Qualifying Class 1E Equipment for Nuclear

Power Generating Stations
2003 1996, 1980 QR, QR-B, QP, QV

IEEE Std 334 IEEE Standard for Qualifying Continuous Duty Class 1E Motors
for Nuclear Power Generating Stations

2006 1994 QR, QV, QP

IEEE Std 344 IEEE Standard for Seismic Qualification of Equipment for
Nuclear Power Generating Stations

2013 2004, 1993, 1987 QR, QR-A, QV, QP

IEEE Std 382 IEEE Standard for Qualification of Safety-Related Actuators for
Nuclear Power Generating Stations and Other Nuclear
Facilities

2019 2006, 1996, 1985 QR, QV, QP, QVG

IEEE Std 627 IEEE Standard for Qualification of Equipment Used in Nuclear
Facilities

2019 2010, 1980 QR, QR-B, QP, QV

International Organization for Standardization (ISO)
ISO 13709 Centrifugal pumps for petroleum, petrochemical and natural gas

industries
2009 2003 QP

ASME QME-1–2023
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NRC NUREG-0800, Standard Review Plan, Section 3.10,
Seismic and Dynamic Qualification of Mechanical and
Electrical Equipment, Revision 4, December 2016

NRCNUREG/CR-5012, July 1988,“Similarity Principles for
Equipment Qualification by Experience”

NRC NUREG/CR-6464 (1997), An Evaluation of Metho-
dology for Seismic Qualification of Equipment, Cable
Trays, and Ducts in ALWR Plants by Use of Experience
Data

SQUG Generic Implementation Procedure (GIP) for
Seismic Verification of Nuclear Plant Equipment,
Seismic Qualification Utility Group (SQUG), Revision
2, updated 2/14/92, Revision 3, updated 5/16/97,
and Revision 3A, Updated December 2001

Publisher: U.S. Nuclear Regulatory Commission (NRC),
OneWhite Flint North, 11555 Rockville Pike, Rockville,
MD 20852-2738 (www.nrc.gov)

QR-3230 Applicable in Section QP

STLE SP-1, Glossary of Seal Terms, March 1995
STLE SP-30, Guidelines for Meeting Emission Regulations
for Rotating Machinery With Mechanical Seals, April
1994

Publisher: Society of Tribologists and Lubrication
Engineers (STLE), 840 Busse Highway, Park Ridge,
IL 60068-2302 (www.stle.org)

QR-3240 Applicable in Section QVG

EPRI TR-103237-R2, EPRI MOV Performance Prediction
Program Topical Report, Addendum 10, April 2019

Publisher: Electric Power Research Institute (EPRI), 3420
Hillview Avenue, Palo Alto, CA 94304 (www.epri.com)

NRC Generic Letter (GL) 89-10, Safety-Related Motor-
Operated Valve Testing and Surveillance, and Supple-
ments, June 1989

NRC GL 95-07, Pressure Locking and Thermal Binding of
Safety-Related Power-Operated Gate Valves, August
1995

NRC GL 96-05, Periodic Verification of Design-Basis
Capability of Safety-Related Motor-Operated Valves,
September 1996

NRC IN 96-48,Motor-Operated Valve Performance Issues,
August 1996

NRC IN 96-48, Supplement 1, Motor-Operated Valve
Performance Issues, July 1998

NRC Letter dated March 15, 1996, from Ashok C. Thadani,
NRC, to Thomas E. Tipton, Nuclear Energy Institute,
forwarding Safety Evaluation by the Office of
Nuclear Reactor Regulation of Electric Power Research
Institute Topical Report TR-103237, EPRI MOV Perfor-
mance Prediction Program, and Supplements

NRC RG 1.89, Environmental Qualification of Certain Elec-
tric Equipment Important to Safety for Nuclear Power
Plants, Revision 1, dated June 1984

NRC RG 1.100, Seismic Qualification of Electrical and
ActiveMechanical Equipment and Functional Qualifica-
tion of ActiveMechanical Equipment for Nuclear Power
Plants, Revision 4, dated May 2020

NRC NUREG/CP-0152 (July 1996), Proceedings of the
Fourth NRC/ASME Symposium on Valve and Pump
Testing

NRC NUREG/CR-6100 (May 1995), Gate Valve andMotor-
Operator Research Findings

Publisher: U.S. Nuclear Regulatory Commission (NRC),
OneWhite Flint North, 11555 Rockville Pike, Rockville,
MD 20852-2738 (www.nrc.gov)

QR-4000 ð23ÞDEFINITIONS
active mechanical equipment: mechanical equipment
containing moving parts, which, in order to accomplish
its required function as defined in the Qualification Spec-
ification,must undergo or preventmechanicalmovement.
This includes any internal components or appurtenances
whose failure degrades the required function of the equip-
ment.
aging: the cumulative effects of operational, environ-
mental, and system conditions on equipment during a
period of time up to, but not including, design-basis
events or the process of simulating these effects.
Application Report: documentation for a specific applica-
tion showing that the required pressure ratings, qualifica-
tion loading levels, and operating condition capabilities
are equaled or exceeded by the corresponding pressure
ratings, qualification loadings, and operating condition
capabilities shown in the Qualification Report.
candidate equipment: active mechanical equipment to be
qualified in accordance with the rules of this Standard.

Table QR-3100-1
Reference Standards (Cont’d)

Designator Title

Latest QME
Referenced

Edition

Other
Acceptable

Editions

Applicable
Sections or
Appendices

National Electrical Manufacturers Association (NEMA)
SM 23 Steam Turbines for Mechanical Drive Service 2002 1997, 1991 QP
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Class 1E: the safety classification of the electric equipment
and systems that are essential to emergency reactor shut-
down, containment isolation, reactor core cooling, and
containment and reactor heat removal, or are otherwise
essential in preventing significant release of radioactive
material to the environment.
component supports: structural elements that transmit
loads between the components and building structure;
intervening elements, such as electric motors and valve
operators, are not included in the component support
load path.
demonstration: the provision of evidence to support the
conclusion derived from assumed premises.
design-basis event (DBE): postulated events (specified by
the safety analysis of the facility) used in the design to
establish the acceptable performance requirements of
the structures and systems.
design life: the time during which satisfactory perfor-
mance can be expected for a specific set of service condi-
tions (the time may be specified in real time, number of
operating cycles, or other performance intervals, as
appropriate).
Design Specification: a document prepared by the Owner
or the Owner’s designee that provides a basis for the
design of a system or component.
essential-to-function parts/components: those parts or
components of the assembly that are essential to
cause, permit, or enable the assembly to perform the
specified accident-condition function or whose failure
could prevent the performance of this function.
functionality: ability of an active component to perform
themechanicalmotion required to fulfill its specified func-
tion when subjected to the prescribed service conditions.
installed life: the interval from installation to removal
during which the equipment or component thereof
may be subject to design service condition and system
demands.
maintenance:work performed on an item to keep it oper-
able or to restore it to an operable condition.
malfunction: the loss of capability of equipment to initiate
or sustain its specified function or the initiation of unde-
sired actions that might result in adverse consequences.
margin: the amount by which the qualification condition
levels exceed the service condition levels.
may: an expression of permission.
mechanical component: those items of a facility such as
pumps, valves, vessels, and piping.
mechanical equipment: for the purposes of this Standard,
mechanical equipment may be used interchangeably with
mechanical component or assembly.

modification: a change in a system component or equip-
ment configuration.
natural aging: aging that occurs within normal service en-
vironments as opposed to simulated service environ-
ments.
operability: see functionality for the definition of this term
for use in this Standard.
operating basis earthquake (OBE): the vibratory seismic
motion associated with the facility shutdown and inspec-
tion,whichmay be identified as a design input as specified
by the safety analysis of the facility.
production equipment: equipment fabricated with the
same manufacturing techniques, materials, production
testing, and quality assurance that were used for proto-
type or parent equipment.
prototype equipment: production equipment representing
the firstmodel/type or original design/pattern. Prototype
equipment may be used for qualification testing; when
selected for qualification testing, the equipment may
also be called candidate equipment.
qualification: the generation andmaintenance of evidence
to ensure/demonstrate that the equipment can meet its
specified service conditions in accordance with the Quali-
fication Specification.
qualification criteria: criteria developed from those spe-
cific service conditions for which the equipment is to be
qualified.
qualification life: the period of time, prior to the start of a
design-basis event, forwhich the activemechanical equip-
ment was demonstrated to meet the design requirements
for the specified service conditions. (Note that at theendof
thequalified life, the activemechanical equipment shall be
capable of performing the function required for the postu-
lated design-basis and post-design-basis events.)
qualification program: the overall cumulative process of
specifying, conducting, and documenting the results of
those activities required to qualify active mechanical
equipment to perform its function in accordance with
the Qualification Specification.
Qualification Report: documentation of tests, analyses,
operating experience, or any combination of these
performed in accordance with this Standard or the Quali-
fication Specification that demonstrates functionality of
the active mechanical equipment.
Qualification Specification: the specification or portion of
the Design Specification that describes the qualification
requirements to be met in the qualification of the
active mechanical equipment.
qualified candidate equipment: equipment that has been
qualified primarily bymethods described in the candidate
equipment definition.
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qualified parent equipment: equipment that has been qual-
ified primarily by testing.
safe shutdown earthquake (SSE): the vibratory seismic
motion (greater than the OBE) for which certain struc-
tures, systems, and components in a facility are designed
to remain functional as specified by the safety analysis of
the facility.
service conditions: postulated conditions specified for
environmental, dynamic/static/pressure loadings, mate-
rial degradation, etc., for normal operation, abnormal
operation, and design-basis events.
shake table system: an assembly that is able to induce and
control seismic-type motion into a test specimen and
measure the vibratory responses that are to be docu-
mented.
shall: an expression of a requirement.
should: an expression of a recommendation.
significant aging mechanism: an aging mechanism that,
under normal and abnormal service conditions, causes
degradation of equipment that progressively and appre-
ciably renders the equipment vulnerable to fail to perform
its safety function(s)during thedesignbasis event or func-
tion in accordance with its specification requirements.
test equipment: active mechanical equipment selected for
qualification testing.
tests: those testing activities conducted to specified
service conditions to demonstrate that such active
mechanical equipment can subsequently perform its
intended function.

QR-5000 QUALIFICATION PRINCIPLES

The principles pertinent to active mechanical equip-
ment qualification are provided in the following subarti-
cles. Subarticles QR-5100 and QR-5200 outline the
fundamental requirements and approaches for active
mechanical equipment qualification programs. Subarticle
QR-5300 then establishes the general requirements for
the qualification program.

QR-5100 Qualification Requirement

To establish activemechanical equipment qualification,
it shall be demonstrated that the activemechanical equip-
ment can perform its specified required function when
operational and environmental conditions are imposed
on the equipment in accordance with the active mechan-
ical equipment Qualification Specification.

QR-5200 Approaches to Qualification

Active mechanical equipment shall be qualified by one
or a combination of the methods described in
article QR-7000. The requirements generally address a
single active mechanical equipment application, but

they may envelop the service conditions for more than
one application. In addition, a family of active mechanical
equipment may be qualified by using one or more of the
qualification methods described in QR-7300 or further
described in a Qualification Specification. Such extension
of qualification requires consideration of significant
design parameters to establish the similarity of the candi-
date active mechanical equipment to the reference active
mechanical equipment.
The pressure boundary integrity and structural

supports of active mechanical equipment shall be quali-
fied in accordance with the applicable design codes and
standards.

QR-5300 GeneralRequirements for aQualification
Program

A qualification program for active mechanical equip-
ment shall include the following:

(a) qualification requirements
(b) aprocess todemonstrate that the activemechanical

equipment satisfies the qualification requirements by
analysis, test, experience, or a combination of these

(c) evidence of successful completion of a qualification
(d) documentation containing (a) through (c)
The requirements to satisfy (a) through (d) should be

contained in the active mechanical equipment Qualifica-
tion Specification.
In a qualification program, aging and qualified life shall

be considered as described in the following subsubarti-
cles.

QR-5310 ð23ÞAging. Assessment of active mechanical
equipment shall include an analysis and/or evaluation
of the active mechanical equipment to determine any
significant aging mechanisms, such as thermal, radiation,
corrosion, erosion, vibration, aggressive chemical attack,
or wear. When one or more mechanisms are identified as
significant, the assessment shall be developed as part of
the overall qualification program. When natural aging
results are used in the qualification program, it may
not be necessary to conduct a detailed analysis or evalua-
tion to determine significant aging mechanisms.
Nonmandatory Appendix QR-B provides supplemen-

tary details associated with the qualification of nonme-
tallic parts.

QR-5320 Determination of Qualified Life. For active
mechanical equipmentwithsignificantagingmechanisms,
a qualified life shall be established. For active mechanical
equipment with no significant aging mechanisms, the
qualified life is equal to the design life.
The determination of qualified life shall be based on

engineering analysis and/or evaluation in these instances.
The analysis and/or evaluation should take into account, if
available, the following:

(a) results of age conditioning used in qualification
(agingmay be natural, artificial, or a combination thereof)
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(b) active mechanical equipment operating data
(c) previous test results for the same material and the

same type of service
(d) understandingof significant agingmechanisms that

have been identified
(e) margins in excess of those required for the most

adverse service conditions for which the equipment is
qualified
The qualified life of a particular active mechanical

equipment item may be changed during its installed
life when justified. For example, the qualified life of
active mechanical equipment may be limited by certain
internal components or appurtenances that have a
shorter qualified life than the installed life of the equip-
ment. By periodic replacement of those internal compo-
nents or appurtenances, the qualified life of the active
mechanical equipment may be extended.

QR-6000 QUALIFICATION SPECIFICATION

The Qualification Specification for active mechanical
equipment shall describe the requirements to be met
to qualify the active mechanical equipment for its
intended application. The Qualification Specification
shall state whether function is required during, after,
or during and after the design-basis event. This forms
the basis for development of an active mechanical equip-
ment qualification program. As a minimum, the following
shall be included in the Qualification Specification:

(a) Active mechanical equipment performance re-
quirements, both normal and design-basis event,
including a description of the basis for its classification
as active mechanical equipment, and a description of
the required function, including the time period it shall
remain operable, shall be specified.

(b) Active mechanical equipment description and
boundary, including components that are inside the
boundary, and the physical orientation/location of the
active mechanical equipment shall be specified. Attach-
ments, motor power connection, seals, and control
circuitry that cross this boundary shall be described.

(c) Interface loadings through attachments of the
active mechanical equipment at the active mechanical
equipment boundary shall be specified for each operating
mode. In the samemanner, motor power or control signal
inputs, including those that deviate from normal, shall be
specified.

(d) The Qualification Specification for active mechan-
ical equipment within the scope of this Standard shall
reference specifically invoked codes and standards. For
example, Section QP may furnish a substantial part of
the qualification program for a complete pump assembly.

(e) The service conditions and concurrent loads for the
activemechanical equipment shall be specified. Examples
of such parameters are earthquakes, internal and external
pressures/temperatures, relative humidity, radiation,
vibration, corrosion effects, and transients.

(f) Required margin in the qualification parameters
shall be specified to account for a variation in perfor-
mance, errors in experimental measurements, and varia-
tions in production, thereby providing a level of
confidence that the active mechanical equipment will
perform under the most adverse service conditions for
which it is qualified.

(g) Significant aging mechanisms, where known, shall
be identified. Nonmandatory Appendix QR-B provides
supplementary details associated with the qualification
of nonmetallic parts.

(h) Acceptance criteria for qualification shall be speci-
fied to ensure satisfaction of the fundamental qualification
requirement. The acceptance criteria shall include
limiting values of input to, and performance required
from, the equipment under the required operating condi-
tions, as well as environmental parameter levels.

(i) Active mechanical equipment qualification docu-
mentation shall be included as described in article
QR-8000.

QR-7000 QUALIFICATION PROGRAM

QR-7100 General Requirements

A qualification program shall be established based on
the active mechanical equipment’s Qualification Specifi-
cation. The qualification program shall include and
address qualification methods, mandatory requirements,
aging, qualified life, andacceptance criteria asdescribed in
article QR-5000. The program shall ensure that Qualifica-
tion Specification and acceptance criteria are properly
addressed as described in article QR-6000. In addition,
the program shall ensure that qualification is properly
addressed by testing, analysis, earthquake experience
data, similarity, or combined methods.

QR-7200 Review for Potential Malfunctions

The selection of methods for qualifying active mechan-
ical equipment shall consider potential malfunctions that
would degrade the required functions as defined in the
Qualification Specification (see article QR-6000).
Components and subassemblies that are not involved in

the active mechanical equipment’s function may be
excluded from the qualification process if it can be
shown that their malfunctions have no effect on the speci-
fied function of the active mechanical equipment.

QR-7300 Selection of Qualification Methods

Qualification shall be accomplishedby test, analysis, use
of earthquake experience data, similarity, or some combi-
nation of these methods. Regardless of the qualification
method, rationale shall be provided to show that the func-
tionality of the active mechanical equipment cannot be
degraded to the point that it cannot perform its specified
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function. In addition, themethodselected shall account for
the pertinent interface parameters.

QR-7310 Qualification by Test. Tests shall demon-
strate that the active mechanical equipment performance
meets or exceeds the requirements of the active mechan-
ical equipment design and applicable Qualification Speci-
fications. Testing of activemechanical equipment satisfies
qualification requirements if it accounts for significant
aging mechanisms, subjects the active mechanical equip-
ment to specified service conditions, and demonstrates
that such active mechanical equipment can perform its
specified function for the specified operating time.
The testing shall consist of a planned sequence of test

conditions that meets or exceeds the specified service
condition. Testing shall include all functional tests, radia-
tion exposure, aging, abnormal or special operation,
seismic, accident (design-basis event), and post-test
inspection when they are included in the Qualification
Specification. Sequence of testing and acceptance criteria
shall be established prior to testing.

QR-7311 Aging. Significant aging mechanisms shall
be identified and accounted for in an aging program
using such methods as cycling, damage due to erosion
or corrosion, overstress, and time compression for accel-
erated aging. The aging acceleration rate and basis on
which the rate was established shall be described and
justified. If natural aging is used, determination of signif-
icant aging mechanisms is not necessary. Components
subject to different aging mechanisms of wear or envir-
onmental degradation can be separately aged.

QR-7312 Dynamic Loading. Qualification of active
mechanical equipment for dynamic loadings, such as
but not limited to vibration and seismic loadings,
should consider the requirements andgeneral approaches
outlined in Nonmandatory Appendix QR-A and IEEE Std
344. Active mechanical equipment shall be demonstrated
to be capable of performing its defined function before,
during, or after a design-basis event as specified in the
Qualification Specification. If specified, functionality of
equipment during a dynamic transient event shall use
the normal system fluid. Use of an alternative fluid is ac-
ceptable, if justified.

QR-7313 Qualification. Interfaces and interrelation-
ships between components shall reflect the in-plant
configuration. Otherwise, active mechanical equipment
shall be tested as an assembled unit. Active mechanical
equipment shall be considered to be qualified by test if
it can be demonstrated to meet or exceed its specified
functions for applicable design-basis and post-design-
basis events at the end of its qualified life. Active mechan-
ical equipment qualified life shall be equal to the equiva-
lent age of the testedunit prior to undergoing design-basis
event simulation.

QR-7320 Qualification by Analysis. Qualification by
analysis shall consist of the assessment of stresses,
strains, loads, or displacements against allowable capacity
limits. The basis for assumptions and extrapolations shall
be documented. Qualification by analysis may be used
when testing is not practical and other supporting data
are available to support the analytical assumptions and
conclusions reached. Qualification by analysis may also
be used when only partial test and other supporting
data are available to support the analytical assumptions
and conclusions reached.

QR-7321 Aging. Aging can be a concern for metallic
and nonmetallic components. Analysis may be used for
aging in a supporting capability to simplify or extend
active mechanical equipment qualifications in special
circumstances.

(a) Analysis may be used to eliminate consideration of
environmental stresses or aging effects that have an insig-
nificant impact on active mechanical equipment func-
tional integrity.

(b) Analysis may be used to extrapolate or otherwise
account for the effect of active mechanical equipment
design modifications as well as verification of aging or
environmental parameters in instances where intended
application exceeds prior qualification constraints.
When analysis is used to simplify or extend active

mechanical equipment qualification, the analysis shall
consider significant aging mechanisms for the item.
Analysismethods can be used in conjunctionwith suppor-
tiveempirical data to simplifyor supplement the test aging
exercise for nonmetallic items.

QR-7322 Dynamic Loading. Active mechanical
equipment qualification for dynamic loadings, such as
but not limited to vibration and seismic, should consider
analytical procedures detailed in Nonmandatory
AppendixQR-A, IEEEStd344, orotheracceptable industry
practices, as documented in the Qualification Report.

QR-7323 Qualification.Theactivemechanical equip-
ment shall be considered to be qualified by analysis if the
active mechanical equipment is demonstrated to meet or
exceed its specified function for design-basis events and
post-design-basis events at the endof its qualified life. The
active mechanical equipment qualified life shall be equal
to the age of the equipment assumedwhenperforming the
design-basis event analysis.

QR-7330 Qualification by Earthquake Experience.
Data from the earthquake performance of active mechan-
ical equipment may be used as the basis for seismic quali-
fication. Qualification of active mechanical equipment by
useof earthquake experience should consider the require-
ments in Nonmandatory Appendix QR-A.

QR-7331 Aging. Significant aging mechanisms shall
be identified. If aging mechanisms are anticipated in
the candidate equipment, which are not represented in
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the earthquake experience, then qualification methods
other than earthquake experience may be required.

QR-7332 Dynamic Loading. Significant dynamic
loads not represented in the earthquake experience
that act concurrently with seismic loads for the candidate
equipment shall be addressed by supplemental qualifica-
tion methods.

QR-7333 Qualification. The candidate equipment
shall be considered to be qualified by earthquake experi-
ence if demonstrated to be bounded by the body of docu-
mented equipment performance from facilities that
experienced natural earthquakes.

QR-7340 Qualification by Similarity. There are many
instances of activemechanical equipment similar to a type
that was previously qualified, which differs only in size or
in the assembly or structure. The candidate active
mechanical equipmentmaybequalified bydemonstrating
that it is similar in excitation and physical and dynamic
characteristics to the previously qualified active mechan-
ical equipment. The validity of this method depends on
demonstrating similarity of the candidate active mechan-
ical equipment and the previously qualified active
mechanical equipment.

QR-7350 Combined Methods. Active mechanical
equipment may be qualified by a combination of test,
analysis, and earthquake experience or similarity,
provided partial qualification achieved under multiple
procedures can be articulated in a logical fashion to
justify the overall equipment qualification. For
example, when size, application, time, or other limitations
preclude the use of a test on the complete active mechan-
ical equipment assembly, testing of components supple-
mented by analysis may be used in the qualification
process.

QR-8000ð23Þ DOCUMENTATION AND CERTIFICATION
REQUIREMENTS

This Article provides the documentation and certifica-
tion requirements for use of this Standard to qualify active
mechanical equipment. Documentation shall demonstrate
that

(a) the qualification requirements are satisfied
(b) the qualified life is determined and the basis is

established
In addition, any aging processes not treated during

initial qualification but addressed by inservice surveil-
lancemonitoring shall be specifically identified. Qualifica-
tion documentation shall be prepared and maintained in
accordance with the Owner’s applicable Quality Assur-
ance Program.

QR-8100 Scope

Qualification of active mechanical equipment and
dynamic restraints requires preparation of the following
four distinct documents:

(a) Qualification Specification
(b) Qualification Plan
(c) Qualification Report
(d) Application Report

QR-8200 Qualification Specification

This subarticle provides the requirements for theQuali-
fication Specification (see Sections QDR, QP, and QV).
For Sections QDR, QP, and QV, it is the responsibility of

the Owner or Owner’s designee to provide a Qualification
Specification to define the functional performance re-
quirements for the testingandqualification for thecompo-
nent to be qualified. The following provides the location of
the requirements for the Qualification Specification:

(a) Section QDR, article QDR-5000
(b) Section QP, article QP-6000
(c) Section QV, article QV-6000

QR-8300 Qualification Plan

A Qualification Plan shall be developed based on the
Qualification Specification to define a step-by-step quali-
fication program and the testing and analysis that are
required to be conducted to meet the requirements of
the Qualification Specification. The following provides
the location of the requirements of the Qualification Plan:

(a) Section QDR, article QDR-7200
(b) Section QP, article QP-8200
(c) Section QV, article QV-8200

QR-8400 Qualification Report

A Qualification Report is required to document the
compliance of the tested components to the requirements
of the Qualification Specification and this Standard. The
following provides the location of the requirements of the
Qualification Report:

(a) Section QDR, article QDR-7310
(b) Section QP, article QP-8310
(c) Section QV, article QV-8310

QR-8500 Application Report

AnApplication Report is required to document the suit-
ability of any qualified component and the resulting
production components for a specific nuclear facililty
application. The following provides the location of the re-
quirements for the Application Report for each compo-
nent:

(a) Section QDR, article QDR-7320
(b) Section QP, article QP-8320
(c) Section QV, article QV-8320
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QR-8600 Certification Requirements

This subarticle provides the requirements for certifica-
tion of the Qualification Specification, Qualification
Report, and Application Report by Certifying Engineer(s).

QR-8610 Certification of the Qualification Specifica-
tion.TheQualification Specification shall be certified to be
correct and complete, and to be in compliance with the
requirements of article QDR-5000, article QP-6000, or
article QV-6000, as applicable, by one or more Certifying
Engineers competent in the applicable field of design,
testing, qualification, and related nuclear facility require-
ments and qualified in accordance with the requirements
of Mandatory Appendix QR-I.

QR-8620 Certification of the Qualification Report.
The Qualification Report shall be certified to be correct
and complete, and to be in compliance with the require-
ments of QDR-7310, QP-8310, or QV-8310, as applicable,
and theQualificationSpecification, as applicable, byoneor
more Certifying Engineers competent in the applicable
field of design, testing, qualification, and related
nuclear facility requirements and qualified in accordance
with the requirements of Mandatory Appendix QR-I.
These Certifying Engineer(s) are required to be indepen-
dent of the organization preparing the Qualification Spec-
ification.

QR-8630 Certification of the Application Report. The
Application Report shall be certified to be correct and
complete, and to be in compliance with the requirements
of QDR-7320, QP-8320, or QV-8320, as applicable, by one
or more Certifying Engineers competent in the applicable
field of design, testing, qualification, and related nuclear
facility requirements and qualified in accordancewith the
requirements of Mandatory Appendix QR-I. These Certi-
fying Engineers are required to be independent of the
organization preparing the Qualification Specification.

QR-8640 Certification Statements. For each required
certification, the Certifying Engineer(s) shall provide a
statement to be affixed to the subject documents, and
the statement shall include the Certifying Engineer(s)’
Certification stamp, the Certifying Engineer(s)’ name,
Registration Number, State or Province of Registration,
and the date of certification. It shall be signed by the Certi-
fying Engineer(s) certifying the Specification or Report.
Nonmandatory Appendix QR-C provides sample certifica-
tion statements.

QR-8650 Division of Responsibility. The Certifying
Engineer(s) certifying the Qualification Report or Appli-
cation Report shall not be the same Certifying Engineer(s)
who certified the Qualification Specification. The Qualifi-
cation Report and Application Report may be certified by
the same Certifying Engineer(s).
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Mandatory Appendix QR-I
Qualifications and Duties of Certifying Engineers

for Certification Activities

QR-I-1000 SCOPE

This Appendix presents theminimum requirements for
the qualification and the duties of personnel engaged in
certification activities. The personnel addressed are those
who perform the following specialty activities:

(a) certification of the Qualification Specification
(b) certification of the Qualification Report
(c) certification of the Application Report

QR-I-1100 Qualifications

This subarticle presents qualification requirements of
personnel engaged in certification activities.

QR-I-1110 General. One or more Certifying Engineers
shall be selected by the Owner or qualification organiza-
tion, as applicable, to performCode activities in the appro-
priate specialized field(s), provided the qualifications of
the Certifying Engineer(s) in meeting the requirements of
this Appendix have been evaluated and verified by the
Owner or qualification organization, as applicable,
responsible for the activity being certified or reviewed.
A record of the quali f icat ion of the Certi fying
Engineer(s) shall be maintained by the responsible orga-
nization or the Certifying Engineer(s).

QR-I-1120ð23Þ Registration and Experience. This section
provides the Registration and Experience requirements
for the Certifying Engineer.

(a) The Certifying Engineer shall meet one of the
following:

(1) The Certifying Engineer shall be a Registered
Professional Engineer in at least one state of the
United States or province of Canada.

(2) The Certifying Engineer shall be a Chartered,
Registered, or Licensed Engineer recognized by one of
the following:

(-a) IPEA, International Professional Engineers
Agreement1

(-b) APEC, Asia Pacific Economic Cooperation1
(-c) FEANI, European Federation of National Engi-

neering Associations1

(3) The Certifying Engineer shall be a Chartered,
Registered, or Licensed Engineer for a country or
entity recognizedby theWashingtonAccordasa full signa-
tory member.1

(b) The Certifying Engineer shall have 4 yr of varied
experience, at least 2 yr of which have been in each speci-
alty field forwhich the Certifying Engineer performs certi-
fying or review activities as delineated in QR-I-1130
through QR-I-1150.

(c) Each Certifying Engineer shall keep current their
knowledge of the ASME QME-1 Standard requirements
and continue their professional development in their
specialty field through personal study and experience,
or by attendance at appropriate courses, seminars, and
technical committeemeetings. TheOwner or qualification
organization, as applicable, shall review the qualifications
of the Certifying Engineers at least once every 3 yr to
ensure that their qualifications have been maintained.
A continuing record of all such activity shall be included
in the qualification records of the Certifying Engineers.

(d) The Certifying Engineer shall attest in writing that
the Engineer understands and meets the requirements of
the ASME Code of Ethics.

QR-I-1130 Certification of the Qualification Specifi-
cation. To qualify as certifier of the Qualification Speci-
fication on behalf of the Owner, the Certifying Engineer(s)
shall be experienced in the applicable field of design,
testing, qualification, and related nuclear facility require-
ments, and in the application of the requirements of the
ASME QME-1 Standard relating to the design, testing, and
qualification of active mechanical equipment for use in
nuclear facilities. This experience shall indicate that
the Certifying Engineer(s) have sufficient knowledge of
anticipated plant and system operating and test condi-
tions, and of their relationship to ASME QME-1 Standard
qualification criteria pertinent to the applicable ASME
QME-1 Standard item.

QR-I-1140 Certification of the Qualification Report.
Toqualify as certifier of theQualificationReport, theCerti-
fying Engineer(s) shall be experienced in the applicable
field of design, testing, and qualification of the item under
review and related nuclear facility requirements, and in
the application of the requirements of the ASME QME-1

1 See article QR-3210
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Standard relating to the testing and qualification of the
item under review in nuclear facilities.

QR-I-1150 Certification of the Application Report. To
qualify as certifier of theApplicationReport, theCertifying
Engineer(s) shall have experience in the application of
design, testing, and qualification results to demonstrate
the suitability of the qualified item meets the require-
ments of one ormore specific applications in nuclear facil-
ities, and shall have experience in the application of the
requirements of the ASME QME-1 Standard related to
testing and qualification of the item under review.

QR-I-1200 Duties

This subarticle delineates the duties of the Certifying
Engineer(s) engaged in the certification activities.

QR-I-1210 General.The certification activities covered
in this Appendix may be performed only if the Certifying
Engineer(s) have assured themselves that they are qual-
ified todosobyvirtueof self-reviewestablishing that their
qualificationsmeet those required by this Appendix. They
shall be familiar with the quality assurance requirements
of the organization responsible for providing the docu-
ments as these requirements relate to their work. For
certification activities, the document being certified
must have been reviewed in detail by the certifying Certi-
fying Engineer(s), or prepared by the Certifying Engineer
(s) or under their responsible direction.

QR-I-1220 Certification of the Qualification Specifi-
cation. It is the responsibility of the Certifying Engi-
neer(s) certifying the Qualification Specification
(SectionsQDR,QP, andQV) toensure that theQualification
Specification is correct, complete, and in compliance with
the requirements of the applicable articles and edition of
the ASME QME-1 Standard.

QR-I-1230 Certification of the Qualification Report. It
is the responsibility of the Certifying Engineer(s) certi-
fying the Qualification Report to ensure that the
testing and qualification of the item comply with the re-
quirements of the applicable articles and edition of the
ASME QME-1 Standard for the design or service, loadings,
operating conditions, and test loadings that have been
specified in the Qualification Specification.

QR-I-1240 Certificationof theApplicationReport. It is
the responsibility of the Certifying Engineer(s) certifying
the Application Report to ensure application of the item
complieswith the results of the testing andqualificationas
described in the Qualification Report and that the Appli-
cation Report complies with the requirements of the ap-
plicable articles and edition of the ASMEQME-1 Standard.

QR-I-1300 ð23ÞReferences

The organizations identified in QR-I-1120 and all other
references are provided in article QR-3000.
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Nonmandatory Appendix QR-A
Seismic Qualification of Active Mechanical Equipment

QR-A-1000 SCOPE

This Appendix applies to active mechanical equipment
innuclear facilities thatmustbequalified to functionwhen
subjected to earthquake (seismic) loads.

QR-A-2000 PURPOSE

The purpose of this Appendix is to provide the require-
ments and recommended practices to demonstrate that
activemechanical equipment innuclear facilities can func-
tion during or following a design-basis earthquake.

QR-A-3000ð23Þ REFERENCES

The references are as listed in article QR-3000.

QR-A-4000 DEFINITIONS

The definitions below establish the meanings of words
in the context of their use in this Appendix. The definitions
in Section QR are also applicable for use in this Appendix.
acceleration design value (ADV): acceleration value that
may be used as an alternative response spectrum or
time history to define seismic input for design of
active mechanical equipment.
assembly: twoormore connected components thatmaybe
qualified as a unit.
attachment: an item that is appended to a device, compo-
nent, or assembly.
broadband response spectrum: a response spectrum that
describesmotion inwhich amplified response occurs over
a wide (broad) range of frequencies.
coherence: the coherence function defines a comparative
relationship between two time histories. It provides a
statistical estimate of how much two motions are
related as a function of frequency. The numerical
range is from0, for unrelated, to 1, for perfectly correlated
motions.
correlation coefficient: the correlation coefficient function
defines a comparative relationship between two time
histories. It provides a statistical estimate of how
much two motions are related as a function of time
delay. The numerical range is from 0, for unrelated, to
1, for related motions.

cutoff frequency: the frequency in the response spectrum
where the zero period acceleration (ZPA) asymptote
essentially begins. This is the frequency beyond which
the single-degree-of-freedom oscillators exhibit very
little or no amplification of motion and indicates the
upper limit of the frequency content of the waveform
being analyzed.
cycle: one complete sequence of values of an alternating
quantity.
damping: a generic name ascribed to the energy dissipa-
tion mechanisms or small, otherwise unrepresented
nonlinearities that reduce the amplification and
broaden thevibratory response in the regionof resonance.
One-hundred percent critical damping is defined as the
least amount of equivalent viscous damping that
causes a single-degree-of-freedom system to return to
its original position without oscillation after initial distur-
bance.
device: an item that is used in connection with, or as an
auxiliary to, other items of equipment on which it may be
mounted.
earthquake experience spectrum (EES): the earthquake-
based response spectrumthat defines the seismic capacity
of a reference equipment class.
effectivemass: themass of the structure or equipment that
participates in determining the dynamic response of the
structure or equipment.
effective mass ratio: the ratio of the effective mass consid-
ered in the response to the total effective mass for the
equipment or structure.
equivalent static load: an equivalent statically applied load
or acceleration based on a function of the peak of the ap-
plicable response spectrum that may be used as an alter-
native to response spectrum or time history to define
seismic input for design of active mechanical equipment.
flexible equipment:activemechanical equipment including
the effects of the active mechanical equipment supports
whose lowest natural frequency is less than the frequency
value at the start of the ZPA or the cutoff frequency of the
applicable response spectrum.
foundation: the structure that supports or otherwise
provides restraint to active mechanical equipment and
buildings.
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Fourier spectrum: the Fourier spectrum is a complex
valued function that provides amplitude and phase infor-
mation as a function of frequency for a time domainwave-
form.
fragility: susceptibility of active mechanical equipment to
malfunction as a result of structural or operational limita-
tions or both when subjected to dynamic excitation.
fragility level: the highest level of excitation parameters
that equipment can withstand and still perform the speci-
fied functions (note that the fragility level may include the
interdependence of amplitude, frequency, and time).
ground acceleration: the acceleration time history of the
ground resulting from the motion of a given earthquake.
Themaximumamplitudegroundacceleration is theZPAof
the ground response spectrum.
inclusion rules: the physical and operational characteris-
tics that define an acceptable range of equipment physical
characteristics, dynamic characteristics, and functions for
ensuring seismic ruggedness and defining the bounds of
active mechanical equipment included in a reference
equipment class (see QR-A-7421).
independent items: items of equipment that have different
physical characteristics or experience different seismic
motion characteristics, e.g., different earthquakes, sites,
buildings, or orientations/locations in the same building.
in-line active mechanical equipment: active mechanical
equipment whose loads are caused by the distribution
system in which it is installed.
load path: structural path necessary to transmit the
seismic forces from the active mechanical equipment
centers of mass through to the anchorage.
low-cycle fatigue: a progressive fracture or cumulative
fatigue damage of the material that may be inflicted by
fewer than 1,000 cycles of load because of localized
stress concentration at high strains under fluctuating
loads.
mass ratio: the ratio of the active mechanical equipment
mass (secondary) to the building mass (primary) partici-
pating in the response.
median-centered in-structure response spectrum: in-struc-
ture response spectrum developed using realistic
damping and best estimate modeling parameters to
obtain the most probable structural amplification that
could realistically occur for the level of the specified earth-
quake ground motion.
narrow band response spectrum: a response spectrum that
describesmotion inwhich amplified response occurs over
a limited (narrow) range of frequencies.
natural frequency: the frequency or frequencies atwhich a
body vibrates due to its own physical characteristics
(mass and stiffness) when the body is distorted in a spe-
cific direction and then released.

octave: the interval between two frequencies that have a
frequency ratio of 2.
power spectral density (PSD): themean squared amplitude
per unit frequency of a waveform. PSD is expressed in
g2/Hz versus frequency for acceleration waveforms. In
this definition, g represents the acceleration due to
gravity, i.e., 1 g = 32.2 ft/sec2 (9.8 m/s2).
prohibited features: design details, materials, construction
features, or installation characteristics that have resulted
in seismic-induced failure or malfunction of active
mechanical equipment at earthquake excitations up to
and including the defined seismic capacity level.
qualification life: see definition in Section QR.
reference equipment class: a group of active mechanical
equipment sharing common attributes as defined by a
set of inclusion rules and prohibited features.
reference site: a site containing active mechanical equip-
ment or items used to establish a reference equipment
class.
required input motion (RIM): the input motion in terms of
acceleration, velocity, or displacement expressed as a
function of frequency, for which the active mechanical
equipment or component is qualified for its acceptance
criteria.
required response spectrum (RRS): the response spectrum
issued by the Owner or his designee as part of the spec-
ification for seismically qualifying active mechanical
equipment. The RRS constitutes a requirement to be
met in qualifying active mechanical equipment.
resonance frequency: a frequency at which peak response
occurs in a structure, component, or system subject to
forced vibration.
response spectrum: a plot of the maximum response, as a
function of oscillator frequency, of an array of single-
degree-of-freedom (SDOF) damped oscillators subjected
to the same base excitation.
rigid equipment: active mechanical equipment, including
the effects of the active mechanical equipment supports,
whose lowest natural frequency is greater than the
frequency value at the start of the ZPA or the cutoff
frequency of the applicable response spectrum.
ruggedness: ability of active mechanical equipment to
maintain its structural integrity and perform its specified
function when subjected to dynamic excitation.
seismic proof test: a seismic test conducted to a specified
required response spectrum level.
Seismic Qualification Specification (SQS): the document
that describes the seismic qualification requirements
to be met in the qualification of the active mechanical
equipment.
sinebeats:a continuous sinusoid, of one frequency,with its
amplitude modulated by a sinusoid of a lower frequency.
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stationary: a waveform is classified as stationary if its
amplitude distribution, frequency content, and other
descriptive parameters are statistically constant with
time.
structural diameter: the diameter of a circle having the
equivalent area of the facility foundation.
structural integrity: a condition describing an assembly or
grouping of active mechanical equipment relative to their
ability to carry applicable loadswithin the limits of accept-
able structural behavior.
structure: a combination of physical members that makes
an item, suchasabuildingorsupport, designedtosustaina
load.
system: an assembly or grouping of active mechanical
equipment that performs a specific facility function.
test response spectrum (TRS): the response spectrum that
is developed from the actual time history motion of the
shake table or other dynamic input device.
transfer function: the transfer function is a complex
frequency response function that defines the dynamic
characteristics of a constant-parameter linear system.
For an ideal system, the transfer function is the ratio
of the Fourier transform of the output to that of a
given input. The output/input ratio function versus
frequency is called a transmissibility function.
zero period acceleration (ZPA): the high-frequency accel-
eration level of the nonamplified portion of the response
spectrum is referred to as zero period acceleration (ZPA).
This acceleration corresponds to the maximum accelera-
tion amplitude of the time history used to derive the spec-
trum.

QR-A-5000 EARTHQUAKE ENVIRONMENT AND
EQUIPMENT RESPONSE

This Article provides background on earthquake beha-
vior and methods for simulating seismic events.

QR-A-5100 Earthquake Environment

Earthquakes produce six-degree-of-freedom (three
translational and three rotational) random ground
motions. These motions, for design purposes, are charac-
terized by simultaneous but statistically independent
components, two horizontal and one vertical. The
strong-motionportionof the earthquakenormally consid-
ered in design may last 10 sec to 15 sec, although the
measurable earthquake motion duration may be consid-
erably longer. For earthquakes with zero period ground
accelerations in excess of about 0.35g, the strong-motion
durations often exceed 15 sec. The ground motion is typi-
cally broadbanded and random, and amplified response
can occur over a frequency range of 1 Hz to 33 Hz.

QR-A-5200 Active Mechanical Equipment on
Foundations

The vibratory nature of the ground motion (both hori-
zontal and vertical) can be amplified or attenuated for in-
structure, mounted activemechanical equipment. For any
given ground motion, the alteration depends on the
system’s natural frequencies of vibration (soil, equipment
support, and equipment) and themechanisms of damping
and mass ratio between the equipment and foundation.
The response spectra, which describe ground motion,
are typically broadbanded, indicating that multiple
frequency excitation predominates.

QR-A-5300 Active Mechanical Equipment on
Structures

The ground motion (horizontal and vertical) may be
filtered by intervening building structures to produce
either amplified or attenuated narrow band motions
within the structure. The dynamic response of active
mechanical equipment on structures may be further
amplified or attenuated to an acceleration level many
times more or, in some instances, less than that of the
maximum ground acceleration, depending on the struc-
ture and equipment damping, effective mass ratios,
and natural frequencies. The narrow band response indi-
cates that single frequency excitation of activemechanical
equipment subcomponents can predominate.

QR-A-5400 Active Mechanical Equipment on
Systems (in Line)

Similar filtering of in-structure motion may occur in
flexible distribution (piping and ducting) systems. For
components mounted away from system supports, the
resultant motion may be predominantly single frequency
in nature and centered near or at the local resonance
frequency of the distribution (piping) system. This reso-
nance condition may produce the most critical seismic
load on components mounted in the system line. Mass
ratio effects or dynamic coupling, which typically
reduces the response of the in-line equipment, is often
conservatively neglected. The seismic input motions
for components mounted on flexible systems may be
defined in terms of required input motion (RIM). In addi-
tion to inertia effects, the potential for relative motion
between a distribution systemand its supporting building
structure, or between a branch and main line, may be a
significant earthquake effect.

QR-A-5500 Nonlinear Equipment Response

Nonlinearity in active mechanical equipment response
may exist in addition to the minor nonlinear effects typi-
cally associated with damping. These nonlinearities may
be of a geometric nature, such as rocking or sliding, a
working of connections and rattling of components, or
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amaterial behavior source, such as yielding. These effects
may result in a significant change in stiffness as a function
of load. If a system exhibits significant nonlinearity, such
behavior should be recognized and accounted for to accu-
rately predict or bound the active mechanical equipment
response. If the nonlinearities cannot be adequately
analyzed, testing is required.
Nonlinearity may also occur as a result of local vibra-

tions, contact, or impact of active mechanical equipment.
Such examples include the closing of gaps between the
active mechanical equipment and its supports or
restraints and the high-frequency rattling of valves
subject to piping interaction with supporting or adjacent
active mechanical equipment on structures. When such
nonlinear response conditions exist, the qualification
procedure shall account for such behavior.

QR-A-5600 Simulating the Earthquake

Thegoal of seismic simulation is to reproduce thepostu-
lated earthquake environment in a realisticmanner that is
amenable for use in active mechanical equipment quali-
fication. The form of the simulated seismic input used for
qualification of equipment by analysis or testing may be
described by one of the following functions: required
input motion, response spectrum, time history, power
spectral density, acceleration, or equivalent static load
design value. This input may be generated for the founda-
tion, floor of the building, or system on which the active
mechanical equipment is to be mounted. It is supplied by
theOwner or designee to themanufacturer as a part of the
Seismic Qualification Specification (SQS) for that equip-
ment, or it is generated by themanufacturer to generically
cover future applications.
Because of the directional nature of seismic motion, as

well as the filtered response motion of structures and in-
line systems on which active mechanical equipment may
bemounted, thedirectional componentsof themotionand
their application to the activemechanical equipment shall
be specified. Active mechanical equipment can be
mounted at varying locations. In addition, the mounting
or anchorage of the active mechanical equipment can
affect the seismic responseof the activemechanical equip-
ment. In generation of the postulated earthquake environ-
ment , these factors should be considered and
incorporated as required.

QR-A-5610ð23Þ Required Input Motion. The test input
motion in terms of accelerations, velocities, or displace-
ments is expressed as a function of frequency, which is
applied in the form of a continuous series of sine beats
or sinusoids at defined amplitudes and durations over
the frequency range of interest (typically 1 Hz to 33
Hz) and shall be consistent with the requirements of
IEEE Std 344 (see article QR-3000).

QR-A-5620 ð23ÞResponse Spectrum. The response spec-
trum provides information on the maximum response
of single-degree-of-freedom oscillators as a function of
oscillator frequency and damping when subjected to
an input time history motion. The frequency content as
well as the peak amplitude ZPA of the input motion
are also indicated.
It is important to recognize that the response spectrum

does not supply the following information:
(a) the unique waveform or time history of the excita-

tion that produced it
(b) the duration of motion (this shall be given sepa-

rately in the SQS)
(c) the response of any particular active mechanical

equipment during a test
The application of different waveforms shall meet the

requirements of IEEE Std 344 (see article QR-3000).

QR-A-5630 Time History. The expected form of the
motion is generally obtained from existing or artificially
generated earthquake records. It may also be generated
such that its response spectrum will essentially match a
given response spectrum. For application at any floor, the
time history record generated includes the dynamic
filtering and amplification effects of the building and
other intervening support structures.
The mean squared amplitude per unit frequency of the

vibratory motion is characterized in terms of the power
spectral density (PSD) as a function of frequency.
Although, unlike the time history, the PSD function does

not define the unique waveform or duration of the excita-
tion, it is a valuable tool. It enables significant frequency-
dependent properties of the motion to be seen at a glance
from one curve. If only one time history is used tomatch a
given required response spectrum, thePSDshouldbeused
to ensure proper frequency content of the time history.

QR-A-5640 Acceleration or Equivalent Static Load
Design Values. Components or active mechanical equip-
ment may be qualified analytically by applying a limiting
acceleration design value (ADV) to the mass distribution
of the component or equipment in order to determine
limiting equivalent static forces in all three orthogonal
directions. TheADVshall be provided in the SeismicQuali-
fication Specification (see QR-A-8200). When a response
spectrum is specified, the ADV is determined by use of the
peak spectral acceleration of the applicable required
response spectrum or the ZPA if the component can be
shown to be rigid. A coefficient of 1.5 times these peak
values is oftenused to account formultimodeandmultiple
frequency response. However, values less than 1.5may be
used if justified (see article QR-3000).
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QR-A-6000 SEISMIC QUALIFICATION
REQUIREMENTS

The seismic qualification of active mechanical equip-
ment should demonstrate the ability of the activemechan-
ical equipment to perform its specified function during
and/or after the time it is subjected to the earthquake
loadings defined in the SeismicQualification Specification.
The most commonly used methods for seismic qualifica-
tion of active mechanical equipment are described in this
Appendix.Themethodsaregrouped into the following five
general categories:

(a) predict and evaluate the active mechanical equip-
ment’s performance by analysis

(b) test the active mechanical equipment under simu-
lated seismic conditions

(c) qualify the active mechanical equipment by extra-
polation of tests or analysis results from similar equip-
ment (similarity)

(d) qualify the active mechanical equipment by use of
earthquake experience data

(e) performevaluationsof the activemechanical equip-
ment by combined analysis, test, and/or experience data
Eachof theprecedingmethodsmaybeused to verify the

ability of the active mechanical equipment to meet the
seismic qualification requirements. The choice should
be based on the practicality of the method for the
type, size, shape, and complexity of the equipment; the
available database; whether the required safety function
can be assessed in terms of structural integrity alone; and
the reliability of the conclusions.When the specified func-
tions of active mechanical equipment require a demon-
stration of functionality during the earthquake, the
active mechanical equipment specified function shall
be demonstrated during the strong-motion portion of
the earthquake.
The effects of active mechanical equipment repairs and

part replacements on the performance of active mechan-
ical equipment in the qualification programs shall also be
considered.

QR-A-6100 Design-Basis Earthquake

The design-basis earthquake for which active mechan-
ical equipment shall be qualified is the SSE. Seismic quali-
fication for functionality for the OBE shall be conducted if
required in the Seismic Qualification Specification by the
Owner or designee. In such instances, the methods and
procedures contained in this Appendix may also be
used to qualify active mechanical equipment for the OBE.

QR-A-6200 Damping

QR-A-6210 Introduction. Damping is the generic term
ascribed to the numerous energy dissipationmechanisms
in a system. In practice, damping depends on many pa-
rameters, such as the structural system, modes of vibra-
tion, strain levels, velocity, material properties, and joint
slippage. In linear vibration theory, the simplifying
assumption is made that damping is purely viscous or
proportional to the relative velocity of moving parts.
Therefore, when a value of damping is associated with
a practical system, it is usually assumed to be equivalent
viscous or linear. This is a convenient way of relating real-
world hardware behavior, which is usually nonlinear to
some degree, with theoretical concepts, which normally
use linear methods of analysis.
For active mechanical equipment composed of an

assembly of components, there is usually no single
damping value. Damping is associated with types of
connections used, ranging from bolted to welded
construction, and is strongly affected by boundary condi-
tions, including gaps and joint slippage. The value of
damping may vary from place to place depending on
the numerous other factors previously mentioned and
may be termed local damping. The structural damping
that is typically defined for use in seismic evaluations
is called global damping and is a composite of the local
damping values of the system. For such instances, it is
recommended that the best estimate values of structural
damping be used in active mechanical equipment quali-
fication, rather than some lower bound value. In the
absence of specific damping criteria, the values contained
in Table QR-A-6210-1 should be used for response spec-
trum modal analysis.
Since each mode of vibration of a structure can, and

often does, have a different value of damping as a function
ofmodalmass and stiffness, a useful practice in analysis is
to associate a value of damping to each mode of vibration
of the equipment that is in the frequency range of interest.

QR-A-6220 Measurement of Damping. Linear vibra-
tion theory indicates that there are numerous methods
available to measure damping. Considerable care shall
be exercised in making the transition from an idealized
model to a practical system. For example, in active
mechanical equipment, it is rarely possible to locate
precise points that have exact correspondence with the
lumped mass elements in a model. Some methods of

Table QR-A-6210-1
Damping Values: Percent of Critical Damping

Structure or
Component

Earthquake Magnitude
Operating Basis

Earthquake
Safe Shutdown

Earthquake
Equipment 2 3
Piping systems 5 5
Welded steel
structures

2 4

Bolted steel
structures

4 7
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calculating modal damping, such as the Q method, rely
purely on single-degree-of-freedom assumptions.
Damping is calculated directly from the maximum

response at the resonance peak measure at any point
in the active mechanical equipment and the magnitude
of the sine sweep input excitation. These methods are
not generally acceptable since the response of points
in active mechanical equipment is usually determined
by the mode shape vector and participation factor for
each vibration mode. The following methods for evalu-
ating the damping are commonly used, but other justifi-
able methods may be used. These methods assume that a
single mode of vibration can be excited in the active
mechanical equipment and that motion transducers are
mounted at positions other than at a point of zero
motion. In all cases, care should be exercised to determine
whether damping nonlinearity with responses amplitude
is significant.

QR-A-6221 Damping by Measuring the Decay Rate.
The equivalent viscous damping can be calculated by
recording the decay rate of the particular mode of vibra-
tion. This procedure is often referred to as the logarithmic
decrement method.

QR-A-6222 Damping by Measuring the Half-Power
Bandwidth. The active mechanical equipment is typically
excited with a slow sine sweep test. The response of any
desired location in the equipment ismeasured andplotted
as a function of frequency. The damping associated with
each mode may be calculated by measurements of the
width of the respective resonance peak at the half-
power point. This procedure is often referred to as the
half-power bandwidth method.

QR-A-6223 Damping by Curve-FittingMethods. The
activemechanical equipment is typically excited by swept
sine, random, or transient excitation, and a response
transfer function is developed. The modal damping to
the actual frequency is obtained by fitting a mathematical
model to the actual frequency response data (transfer
function). This curve fitting will smooth out any noise
or small experimental errors.

QR-A-6230 The Application of Damping. Ranges of
damping, measured as described in QR-A-6220, are valu-
able data for the active mechanical equipment designer.
Damping is used differently in analysis and testing in
active mechanical equipment qualification as described
in QR-A-6231 and QR-A-6232.

QR-A-6231 The Application of Damping in Analysis.
In analysis, a mathematical model is made of the active
mechanical equipment so as to predict the response to
the seismic motion. The value of damping used in this
model shall correspond to the actual energy dissipation
in the activemechanical equipment to enable the response
to be accurately predicted. An alternative approach is to
use a conservative value of linear damping, such as shown

inTableQR-A-6210-1, to obtain a conservative estimate of
response. In any case, there is need to know the ranges of
damping for the specific equipment and nature of nonli-
nearities and their effect on the response. Appropriate
values of damping shall be obtained from tests or
other justifiable sources.
It is reasonable to state that actual damping is nonlinear

by nature. In most active mechanical equipment, it is a
function of response amplitude owing to such factors
as internal friction within material, or at connections
between components, or Coulomb-type sliding friction.
For analytical purposes, these energy dissipation
damping mechanisms may often be treated in terms of
linear damping approximations if proper consideration
is given to the fact that these approximations vary, some-
times significantly, with increasing response. As an
example, the use of low-impedance testing to determine
damping shall be exercised with caution since at strong
motion shaking, indicative of significant earthquakes, the
aforementioned factors may cause the real damping to be
quite different from and higher than thatmeasured at low
levels.
Generally, most treatment of structural systems

assumes viscous damping; however, certain cabinets or
housingsmay exhibit nonviscous damping. The treatment
of such a problem is analytically complex and shall be
performed using appropriate techniques.

QR-A-6232 The Application of Damping in Testing.
In testing, the active mechanical equipment may be qual-
ified by subjecting it to a simulated seismic motion as
defined by the required response spectrum (RRS). The
response spectrum defines the seismic motion by way
of the peak response of an array of single-degree-of-
freedom damped oscillators. Since the oscillators are
hypothetical, any practical value of damping (e.g., 5%)
may be employed in the RRS for testing, and it need
not correspond to the actual activemechanical equipment
damping. (Note the distinction from the use of the RRS in
analysis,where thevalueofdampingshall be related to the
actual active mechanical equipment.) The application of
the RRS and the test response spectrum (TRS) in selecting
acceptable test motions is given in QR-A-7200. The
following relationships exist for the values of damping
in the response spectra:

(a) In comparing the RRS with the TRS, the damping in
the two should be the same.

(b) In some cases, however, when past test data are
used for a new RRS, the damping in the two cases may
be different, and the following circumstances apply:

(1) When the damping for the TRS is greater than
that for theRRSand thecriteria inQR-A-7200are satisfied,
then the qualification is acceptable since under this
circumstance, it is conservative.

(2) When the damping in the TRS is less than that in
the RRS, a conclusive statement is not possible without
further evaluation. One possibility is to reanalyze the
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test motions to produce a TRS for an acceptable damping
value and apply the criteria given in either (a) or (1).

QR-A-6300 Required Response Spectrum

The response spectrum to be used in seismic qualifica-
tionofactivemechanical equipment is theRRSasprovided
in the Seismic Qualification Specification by the Owner or
designee. The RRS is typically the building filtered
response spectrum at the mounting location of the
active mechanical equipment. For in-line active mechan-
ical equipment qualified in accordance with QR-A-7400,
the RRS is typically the building filtered response spec-
trum at the distribution system support attachments to
the building.

QR-A-6400 Required Input Motion

Required input motion (RIM) in seismic evaluations is
normally associated with active mechanical equipment
mounted in distribution system (piping or duct) lines
where the single-mode seismic input to the component
is dominated by the seismic response of the distribution
system (line), and qualification is performed by test for
generic application to a wide range of line frequencies.
The input to a distribution system is typically a random

excitation with broad frequency content. The dynamic
characteristics of the system amplify the excitation at
the system resonance frequencies and suppress the
other frequencies. The maximum response occurs at
the predominant distribution system frequencies.
Amethod thatmeets the above seismic input simulation

criteria for active mechanical equipment mounted in the
distribution system is either a sine beat test or a relatively
short-duration sine dwell test at several frequencies. The
minimum peak test amplitude shall be that which the
distribution system is expected to experience.
A series of continuous sine beats or sinusoids at varying

amplitudes as defined by the RIM is recommended for
qualification by test. To ensure the excitation of all predo-
minant resonance frequencies, the sine beats shall be
applied at one-third-octave intervals over the frequency
rangeof1Hz to33Hz.The test amplitude shall correspond
to the levels specified for response of the distribution
system. This amplitude shall be independent of direction.
Hence, single-axis excitation is permitted, with the axes
corresponding to the apparent most critical direction
of the active mechanical equipment.
For the cases in which a component in a distribution

system is closely restrained by a support back to the
building or other supporting structure, RRS or response
spectra techniques, as provided in QR-A-6300, are recom-
mended for qualification rather than the RIM test proce-
dure just descr ibed , unless the RIM has been
conservatively established with regard to the RRS.

QR-A-6500 Acceleration or Equivalent Static Load
Design Values

Active mechanical equipment may be seismically qual-
ified analytically by use of acceleration design values
(ADV) used to develop equivalent static loads. These
are single value accelerations that shall be applied stati-
cally to the active mechanical equipment in accordance
with the mass distribution simultaneously along the
two principal horizontal and vertical directions. Resultant
limiting stresses, deflections, and reactions are combined
with other applicable load phenomena and evaluated
against the applicable acceptance criteria to demonstrate
design adequacy. The ADV are determined as a function of
the peak of the applicable required response spectrum or
from the ZPA of the required response spectrum if rigidity
can be demonstrated. The response spectral peak value
shouldbemultipliedbya suitable coefficient that accounts
for the potential effects of higher modes or incomplete or
missing modes associated with static versus dynamic
mode shapes. For activemechanical equipment supported
at more than two points, a coefficient of 1.5 shall be used
unless adequate justification for a lower value is provided.

QR-A-6600 Differential Support Motion

In addition to the inertial loading developed from
seismic accelerations, other loads may be induced on
active mechanical equipment supported at two or
more points that are undergoing relative support
motion associated with the motion of the supporting
structures. In general, most active mechanical equipment
is supported at a single point, or because of the relatively
high stiffness and required elastic response to earthquake
motions of nuclear facility structures, differential support
motions are usually negligible and have little effect on the
seismic-induced forcesonequipment. Therefore, differen-
tial support motions are not normally considered in the
seismicevaluationof activemechanical equipment, except
for active mechanical equipment or a component that is
supported at three or more points on the same structure,
at two or more points on different structures, or between
in-line components and the supporting structure. In these
cases, the activemechanical equipment qualification shall
consider the effects of differential support motions.

QR-A-6610 Evaluation for Differential Support
Motions. The maximum relative support displacements
can be obtained from the supporting structure structural
response calculations or by using the applicable floor
response spectra.
For the latter option, the maximum displacement of

each support shall be predicted by the relationship

=Z Z w/d ag
2

where
Zag = gravitational constant
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w = the predominant frequency of the primary
support structure, rad/sec

Za = spectral acceleration at the ZPA end of the spec-
trum curve, g

The relative displacements between supports shall be
determined by using the square-root-sum-of-squares
method if it is demonstrated that they are uncorrelated.
Otherwise, they shall be determined by the absolute sum
method.
For in-line components (e.g., valves) supported by both

the line and primary structure, relative displacements
shall be determined by the absolute sum method.

QR-A-6700 Loads to Be Considered in
Qualification

The loads tobeconsidered in the seismicqualificationof
active mechanical equipment are defined in the Qualifica-
tion Specification. They shall be made part of the Seismic
Qualification Specification required to seismically qualify
the required function or performance of the active
mechanical equipment.

QR-A-6800 Fatigue and Aging Considerations

QR-A-6810 Fatigue. Equipment qualification for
multiple seismic events of lower levels than the required
response spectrum, such as five OBEs, is achieved when
applying themethods of this Appendix to the evaluation of
the single enveloping required response spectrum,
provided the equipment is shown to have no credible
low-cycle fatigue failure modes considering the
number of specified earthquake cycles. For applications
that involve fatigue-sensitive features, supplementary
analysis is required.
Seismic loads, being vibratory in nature, give rise to

cyclic loading of components; hence, there is a potential
for fatigue-type failures. However, the number of
maximum stress cycles from a given earthquake is
limited. This Appendix assumes for ASME Class 1 compo-
nents that there are 60 full-stress cycles during the facility
life. This cyclic input assumes the potential of five OBEs or
aftershocks and one SSE.
Other cyclic loads induced on the mechanical equip-

ment by valve operation, equipment start or stop, flow,
or rotating equipment vibration and temperature
ranges shall be considered in evaluating the overall
fatigue life of the component or otherwise be limited
to sucha lowmagnitude that theydonotexceed theendur-
ance limit for the material used in the equipment (e.g.,
ASME OM-S/G; see article QR-A-3000).
The use of this Standard for the qualification of equip-

ment fabricated from nonmetallic materials might not
preclude fatigue failure for low-cycle loading up to 60
cycles. If such fatigue failure ispossible, it is recommended
that such materials be qualified by separate tests or the

use of acceptable alternative techniques to ensure there is
no fatigue failure.

QR-A-6820 Aging. Aging in mechanical components is
associated with corrosion, erosion, wear, particle
deposits, and embrittlement. In new construction, corro-
sion and erosion are considered by providing additional
material thickness as a corrosion or erosion allowance
above that required in design. Aging effects for active
mechanical equipment shall be addressed to ensure func-
tionality for the life of the equipment.

QR-A-6900 Installation of Active Mechanical
Equipment in the Nuclear Facility

It is the responsibility of the Owner or his designee to
ensure that the method used to support the active
mechanical equipment when installed in the facility is
consistentwith the supportmethodused in theequipment
qualification and meets the facility design-basis require-
ments.

QR-A-7000 QUALIFICATION METHODS

The following five methods may be applied for the
seismic qualification of active mechanical equipment:

(a) qualification by analysis
(b) qualification by testing
(c) qualification by similarity
(d) qualification by earthquake experience data
(e) qualification by a combination of the above

methods

QR-A-7100 Qualification by Analysis

QR-A-7110 Introduction. Analytical procedures are
summarized and referenced in this subarticle, which
may be used to demonstrate that activemechanical equip-
mentmeets the specified structural integrityand function-
ality requirements during and/or following the
earthquake loadings defined in the Seismic Qualification
Specification (seeQR-A-8200). Analysiswithout testing or
earthquakeexperiencedata is acceptableonly if structural
integrity as defined in article QR-A-4000 can ensure the
design-intended function. Functionality analysis is limited
to applications that can be quantified in terms of a param-
eter (e.g., gap clearance) that can be calculated and a
margin to loss of functionality can be established.
Two approaches to seismic analysis are described. One

approach is based on dynamic analysis, the other on static
analysis. The methods described are most commonly
used, but other methods may be used if they are justified.
The general procedure is to

(a) review the active mechanical equipment to assess
the dynamic characteristics

(b) determine the response using one or more of the
methods described in the following subsubarticles
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(c) determine the behavior (stresses, deformation, dis-
placements, rotations, loads, loss or initiation of contact at
interface, etc.) that results from the response

(d) compare the calculated behavior with those beha-
viors that would ensure compliance with specified func-
tion requirements
The review stage shall take into account the complexity

of the active mechanical equipment and the adequacy of
analytical techniques to properly predict the equipment’s
functionality while subjected to seismic excitation. The
response determination phase of the analysis may take
several paths, the first of which is determined by the
choice between the dynamic analysis method (see
QR-A-7120) and static coefficient method (see
QR-A-7130). In general, the choice is based on the
perceived strengthmargin of the activemechanical equip-
ment, since the static coefficient method, while easier and
more economical to perform, is generally more conserva-
tive.
The mathematical models used for analysis shall be

based on structural parameters that are calculated or
on parameters established by test or a combination of
these. They shall also represent the stiffness properties
and boundary conditions of the active mechanical equip-
ment. The model shall be sufficiently refined to ensure
mathematical representation of all significant modes of
vibration and allow the evaluation of all pertinent
failuremodes.This shall entail sufficientdetail to illustrate
relative motion of key points, coupling, load transfer, etc.
All significantactivemechanical equipment that interfaces
with other equipment, components, assemblies, or
systems shall be considered. These interfaces shall
include all significant eccentricity- and torsion-producing
phenomena, suchas theeffectsof activemechanical equip-
ment attachments.
The boundary condition of themathematicalmodel and

its interface with other equipment and systems shall be
effectively coordinated with the characterization of the
seismic input. If not previously considered in the loaddefi-
nition, the mathematical model shall incorporate the
effects of active mechanical equipment mounting and
location (floor, wall, etc.), intervening elements and struc-
tures (supports, platforms, etc.), intervening systems
(pipe, duct, etc.), differential support motion as discussed
in QR-A-6600, and excitation from other sources. The
damping, which is used in the analysis, shall be provided
in the Seismic Qualification Specification.
Using the calculated response, one then determines the

behavior of the active mechanical equipment in terms of
structure integrity as related to the functional require-
mentsof theactivemechanical equipment, includingoper-
ating loads. Such loads include internal pressure, operator
thrust, dynamic transients, flow-induced vibration, reci-
procating and rotating equipment vibrations, nozzle
loading, etc. Applicable combinations of these loads are
typically required in the analytical qualification

process, and their effects shall be combined with
seismic effects, as appropriate, as defined in the active
mechanical equipment Qualification Specification.
Typically, analytical methods of active mechanical

equipment seismic qualification for functionality are
limited to applications inwhich all safety-related strength,
displacement, and functionality features can be effectively
modeled and evaluated by analysis.

QR-A-7120 Dynamic Analysis

QR-A-7121 Introduction. The active mechanical
equipment and supports shall be modeled to adequately
represent their mass distribution and stiffness character-
istics. This model may be used to perform amodal (eigen-
value) analysis to determine the active mechanical
equipment’s dynamic characteristics (frequency and
mode shapes). Alternatively, an incremented time-step
solution of the equations of motion may be used to deter-
mine dynamic response. The time-step integration proce-
dure, while relatively costly, has the ability for direct
determination of multiple independent support
motions and nonlinear response.

QR-A-7122 Response Spectrum. The response spec-
trum analysis allows the response of interest (deforma-
tions, deflections, rotations, loads, stresses, strains, and
initiation or loss of contact at interface) to be determined
by combining all significant modes of vibrations. A suffi-
cient number of modes shall be included to ensure an
adequate representation of the equipment dynamic
response and reaction forces at supports. An acceptable
criterion for adequacy is that the inclusion of additional
modesdoesnot result inmore than a10% increase in total
response. The response is determined by combining each
modal response by the square-root-of-the-sum-of-the-
squares (SRSS) criterion, except where closely spaced
modes are encountered. Closely spaced modes shall be
appropriately considered in the response evaluation.
Closely spacedmodes are thosewith frequencies differing
by 10% or less of the next lower frequency.

QR-A-7123 Time Histories.When three components
of the statistically independent time histories are input
simultaneously for a time history analysis, the responses
may be combined algebraically at each time increment. To
ensure statistical independence, artificially generated
time histories should have coherence values of less
than 0.5 when computed with at least 12 data
samples. Alternatively, a correlation coefficient with an
absolute value of less than 0.3 for all time lags may be
used as discussed in IEEE Std 344, Appendix E.

QR-A-7130 Static Analysis. This method of analysis
allows a simpler technique, which usually results in
added conservatism. No dynamic analysis is required.
The acceleration response of the equipment is
assumed to be defined by the acceleration design value
(see QR-A-6500). The resultant inertial force, when the
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acceleration design value is applied to the mass distribu-
tion of the active mechanical equipment, is applied in the
three principal directions with a plus or minus sensing to
determine the worst resultant.

QR-A-7140 AcceptanceCriteria.Acceptance criteria to
be used in qualification by analysis shall be applied to the
computed parameters associated with the identified
failure modes, which determine functional adequacy of
the active mechanical equipment. Acceptance criteria
shall beestablished in the input specification requirement.
Compliance with the acceptance criteria shall be demon-
strated in the Qualification Report.

QR-A-7200 Qualification by Testing

QR-A-7210ð23Þ Introduction. Seismic qualification by
testing requires that the active mechanical equipment
be subjected to a simulated earthquake motion that is
anticipated to occur at the active mechanical equipment
mounting. The test shall demonstrate that the active
mechanical equipment will perform its specified function
during and/or after the seismic event. The nature of the
simulated motion can vary significantly, depending on
whether theactivemechanical equipment is tobe installed
at ground level or at some floor level within a building
structure. Procedures necessary to carry out such tests
with a reasonable degree of conservatism are in most
cases quite complex. Detailed guidelines for typical
seismic (earthquake) test procedures for electrical equip-
ment are provided in IEEE Std 344. Since those guidelines
are applicable to equipment in general, they have also
been used for active mechanical equipment. The policy
of this Standard is to generally endorse the continued
use of IEEE Std 344, so Section 7.0 of that document
shall provide the detailed requirements for qualification
of activemechanical equipmentby testing, except asmodi-
fied by this Standard in QR-A-7240. Only some general
statements will be included herein, for the sake of conti-
nuity.

QR-A-7220 Types of Tests

QR-A-7221 Exploratory Tests. Exploratory tests
consist of the measurements of active mechanical equip-
mentdynamic characteristicsbysome formofmodal iden-
tification procedures. The activemechanical equipment is
mounted in a close simulation of that anticipated in the
field. The active mechanical equipment is instrumented
for measurement of responses at various locations antici-
pated to be important to interior functioning devices or at
locations that provide a good indication of structural
modal characteristics. It is then subjected to a suitable
excitation, and responses are recorded. Components
that may in themselves be rigid if flexibly mounted or
attached in the field shall have this flexibility represented
during the test. In the past, sine sweep resonance tests
have been widely used for these tests. However,

random excitation or even simulated earthquake
events may be used. Exploratory tests are not a require-
ment forqualificationdirectly anddonot serveas thebasis
for evenpartial seismic qualification, but their resultsmay
be used in further development of procedures or in justi-
fication for qualification tests, or these resultsmay be part
of a combined analysis experience and test approach, as
described in QR-A-7600.

QR-A-7222 Seismic Proof Tests. In the past, most
active mechanical equipment qualification has been
performed by proof test methods. This approach requires
that the simulated earthquake motion at the active
mechanical equipment mounting represents that antici-
pated from the specified SSE. The simulated motion
usually is required to demonstrate that the test response
spectrum (TRS) conservatively envelops the required
response spectrum (RRS), which was generated for the
active mechanical equipment mounting location as part
of the test specification. The result of a proof test is a
demonstration that the active mechanical equipment
performs its specified function during and/or after the
simulated SSE event.

QR-A-7223 Fragility Tests. Fragility tests are
conducted to determine the peak amplitude level of a
specified excitation waveform for which the active
mechanical equipment can perform its specified function.
A sequence of test runs is performed with increasing
amplitudes of the specified waveform until malfunction
is observed in the active mechanical equipment. When
the specified motion is compared with that anticipated
for the SSE at the active mechanical equipment mounting,
a measure of margin is established.
In addition to the response spectrum type of input

loading, in-line activemechanical equipmentmay be qual-
ified by required input motion (RIM) testing as described
in IEEE Std 382.

QR-A-7230 General Approach to Testing

QR-A-7231 Preliminary Tests. Exploratory tests
described in QR-A-7221 are usually performed prior to
conduct of the actual qualification test or qualification
by a combination of testing and othermethods. Other pre-
liminary tests, suchas thermal or operational aging, or any
other required environmental test shall be performed
prior to the seismic test. This sequence ensures that
the active mechanical equipment is in the end of the qual-
ified life state at the time of the seismic qualification.

QR-A-7232 Development of Simulated Seismic
Motion. The simulated seismic motion shall conserva-
tively represent that which can be expected at the
active mechanical equipment mounting for the SSE
event. The general nature of earthquake motion can be
represented by a nonstationary random process having
broad frequency content (i.e., 1 Hz to 33 Hz) at ground
level, but with much narrower frequency content near
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building natural frequencies, when representing filtered
motion at building floor levels. Several characteristics of
seismicmotion shall be notedwhen simulatedwaveforms
are developed for testing purposes. These characteristics
are understood to describe the motion that occurs at the
equipment mounting.

(a) The general character of earthquake motion is a
random process that builds to a relatively stationary
level (called the strong motion), which holds at that
level for some duration, and which then decays to a negli-
gible value.

(b) Approximately stationary random motion occurs
during the strong motion. It is this part of the excitation
that causesmost damage to activemechanical equipment.
It shall be sustained a minimum of the longer of 15 sec or
the duration of strong motion during a qualification test.

(c) Frequency content of the required motion and
actual test motion is indicated by the amplified region
of a response spectrum. Thus, a test response spectrum
shall closely envelop the required response spectrum to
ensure proper frequency content.

(d) Stationarity of the waveform during the simulated
strongmotion shall be demonstrated. This ensures that all
required frequencies are present to a sufficient amount
during the strong motion.

(e) Multiaxis motions shall have an appropriate degree
of statistical independence. This is determined by exam-
ining the coherence or cross correlation between the
waveforms for different axes.
Testwaveforms thathave theabovecharacteristicsmay

be generated by superimposing a variety of component
signals, such as sine dwells, sine beats, narrow band,
and broadband random signals.

QR-A-7233 Conduct of Test and Functionality.
Detailed procedures for preparing Seismic Qualification
Specifications and conducting seismic qualification
tests shall be obtained from IEEE Std 344. Details for
conducting functional tests for the active mechanical
equipment shall be obtained from the manufacturers’
operating manuals and active mechanical equipment
specifications.

QR-A-7240 Acceptance Criteria. Acceptance criteria
for seismic tests shall be based on the functional require-
ments for the individual item of active mechanical equip-
ment. Acceptable ranges for performance variations shall
further be evaluated in light of the consequences of these
variations on the specified function of that equipment and
any other with which it may interact. Such interactions
with other activemechanical equipment that affect accep-
tance criteria shall be identified in the Seismic Qualifica-
tion Specification. Numerical ranges for these variations
shall be established and compared with observed test
values. Inability of an item to function within acceptable
limits during or after seismic testing shall be noted as an
anomaly. Thereafter, evaluation of the consequences of

the anomaly may or may not lead to a conclusion that
the item has malfunctioned.

QR-A-7300 Qualification by Similarity

There are many instances of active mechanical equip-
ment, similar to a type that was qualified, that differs only
in size or in the specific qualified devices located in the
assembly or structure. In such cases, it is neither practical
nor necessary to test every variation of the basic qualified
version. Furthermore, it may be shown that the active
mechanical equipment to be qualified is similar to
another that has experienced actual documented earth-
quake conditions. Qualification by combined test and
analysis applies in these situations.

QR-A-7310 Test Method. A full test program, as
described in QR-A-7200, and preliminary exploratory
tests (resonance search), as described in QR-A-7221,
are conducted on a typical piece of active mechanical
equipment. Data on modal frequencies, damping, and
responses throughout the active mechanical equipment
shall be taken and recorded.

QR-A-7320 Analysis. When it can be shown that no
resonances exist in the frequency range of the amplified
response, the active mechanical equipment may be
analyzed as rigid active mechanical equipment. When a
resonance search is used, assurance should be obtained
that adequate test methodologies are followed to verify
the absence of resonant frequencies. In addition, assur-
ance should be obtained that changes from the originally
tested active mechanical equipment did not result in the
formation of previously nonexistent resonances. Thismay
be done by simple testing or analysis.
When the active mechanical equipment is not rigid, the

effects of the changes shall be analyzed using the techni-
ques in QR-A-7100 or other justifiable means. For very
complex activemechanical equipment, this requires suffi-
cient knowledge of the active mechanical equipment to
include the significant structural parameters to enable
the responses at all points of interest to be calculated.
The test results combined with the preceding analysis

allow themodel of similar activemechanical equipment to
be adjusted to take into consideration the parametric
quantities affected and allow revision of the analysis
for themodal frequencies of the similar activemechanical
equipment. The result is a verified analytical model that
may be used to qualify the similar active mechanical
equipment.

QR-A-7330 Active Mechanical Equipment Similarity
for Comparison With Single Reference Active Mechan-
ical Equipment.Where qualification of an active mechan-
ical equipment item is achieved by extrapolation of
qualification results from a single similar reference
active mechanical equipment item, the extrapolation
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shall be based on similarity of excitation, physical system,
and function.

QR-A-7331 Excitation.Similarityof excitationconsti-
tutes likeness of the following parameters: spectral char-
acteristics, duration, directions of excitation axes, and
location of measurement for the motions relative to
the equipment mounting. Ideally, these parameters
should be as alike as is practical for excitations whose
similarity is to be established. However, a conservative
composite excitation may be generated by extrapolations
or interpolations of data whose parameters are not iden-
tical but are justifiable. For example, estimates may be
based on measurements elsewhere on the structure or
on other structures in the vicinity of the given active
mechanical equipment, when the estimates can be justi-
fied by calculations based on sound engineering methods
using geophysical models, structural models, or both, as
applicable. Likewise, excitationswhose spectral content is
significantly differentmaybeused to generate lower-level
composite estimates, provided that an account is taken of
possible multiaxis response, cross-axis coupling, or both.
Justification for such approximations shall consider all
modes of the active mechanical equipment response
that are significant in determining its structural integrity
and functionality. A sufficient justification is that active
mechanical equipment is stressed, excited, or both to
at least as high a level by each of the component
spectraused to create the lower-level composite spectrum
estimate.
The qualification shall account for the fatigue effects of

exposure to the required normal and abnormal condi-
tions, such as normal operating vibrations and the
OBE, if required.

QR-A-7332 Physical Systems. Active mechanical
equipment similarity shall be established for an active
mechanical equipment assembly, a device, or both, or
subassembly (including mounting), depending on the
configuration of the new active mechanical equipment
to be qualified. For a complete assembly, similarity
may be demonstrated through comparison of make,
model, and serial numbers, and consideration of
dynamic response characteristics and construction.
Similarity of dynamic response characteristics may be

established by comparing the physical parameters of the
active mechanical equipment. This may be done by
comparing the predominant resonant frequencies and
mode shapes. These dynamic characteristics are depen-
dent on parameters such as the following:

(a) active mechanical equipment physical dimensions
(b) active mechanical equipment weight, its distribu-

tion, and center of gravity
(c) activemechanical equipment structural load-trans-

ferring characteristics and stiffness to resist seismic exci-
tation

(d) active mechanical equipment base anchorage
strength and stiffness to ensure structural integrity
and adequate boundary conditions

(e) active mechanical equipment interfaces with adja-
cent items or connecting accessories, such as cables and
conduits
Assurance shall be obtained that modifications to

previously qualified active mechanical equipment do
not effect a change in the dynamic response characteris-
tics of the item being qualified compared with the item
used for similarity.

QR-A-7333 Function. Active mechanical equipment
being qualified may be required to perform a safety func-
tionduringand/orafteranearthquake.Therequired func-
tionduring theearthquakemay, ormaynot, be the sameas
after the earthquake. Therefore, for each qualification, the
required function shall be defined during and/or after the
earthquake. The available qualification data shall provide
documented evidence to support the demonstration of
proper functionality, as defined, for each application.
Where an active function, or absence of a spurious func-
tion, is required during the earthquake, the available
qualification data shall provide sound evidence that
the candidate active mechanical equipment will
perform as required in the system for which it is being
qualified.

QR-A-7400 Earthquake-Experience-Based
Qualification

Procedures are presented in this subarticle to seismi-
cally qualify active mechanical equipment by comparison
with the body of documented equipment performance
from facilities that have experienced natural earthquakes.
Qualification based on earthquake performance

involves five steps that are covered in the following subsu-
barticles:

(a) characterization of earthquake motions by a
response spectrum

(b) establishment of the earthquake-experience-based
capacity for a reference equipment class

(c) characterization of the reference active mechanical
equipment class

(d) qualification of the candidate active mechanical
equipment by comparison with the reference active
mechanical equipment class

(e) documentation of the qualification process

QR-A-7410 Characterization of Earthquake Experi-
ence Motions

QR-A-7411 Earthquake Motions. The earthquake
experience ground motions shall be characterized as
follows:

(a) Ground motion recordings or conservative esti-
mates from a minimum of four reference sites containing
reference active mechanical equipment are required to
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establish a reference active mechanical equipment class.
The four reference sites should be selected from at least
four earthquakes.

(b) The free field ground motion of each reference site
should be established by recorded data within two struc-
tural diameters of the site structure location. The
recording location should have the same geological/
geotechnical conditions as the reference site structure
location. The measurement of two structural diameters
starts at the perimeter of the foundation. Estimates of
free field ground motion for a reference site more
distant than two structural diameters from the recording
location or where there are no nearby recorded data may
be made, provided that the estimates are conservatively
derived and justified. To make the ground motion esti-
mates for these two cases, multiple attenuation relation-
ships developed using strong-motion recordings from
earthquakes with similar tectonic environments,
crustal properties, and seismological parameters are to
be used. The range of parameters used to develop the
attenuation relationship shall encompass those of the
reference site and earthquake. The appropriate level of
conservatism is the average of the 5% critically
damped response spectrum estimate obtained from
each attenuation relationship.

(c) The ground response spectrum assigned to a refer-
ence site shall be the average of two orthogonal horizontal
components of the 5% critically damped response spectra
at the reference site.

(d) The free field motion shall be considered an esti-
mate of the seismic excitation experienced by the active
mechanical equipment at the reference site.

QR-A-7412 Experience-Based Seismic Capacity. The
earthquakeexperience spectrum(EES) is a response spec-
trum that defines the seismic capacity of a reference active
mechanical equipment class. The EES shall be the
weighted average of the spectrum at each reference
site. The weight factor as provided below shall be the
ratioof thenumberof independent itemsat eachreference
site to the total number of independent items at all refer-
ence sites.
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where
AEES,i = spectral acceleration of the EES, at 5% critical

damping, at frequency i
An,i = spectral acceleration, at 5% critical damping,

at reference site n and frequency i
m = number of reference sites, a minimum of four
Nn = number of independent equipment items at

reference site n

QR-A-7420 Characterization of the Reference Active
Mechanical Equipment Class. A reference active mechan-
ical equipment class is a group of activemechanical equip-
ment that shares a range of physical, operational, and
dynamic characteristics whose performance in earth-
quakes has been documented. The attributes of the
activemechanical equipment that constitute the reference
active mechanical equipment class shall be defined such
that those features important to seismic ruggedness can
be ensured, and any seismic vulnerabilities can be iden-
tified and precluded in the candidate active mechanical
equipment. These active mechanical equipment rugged-
ness and vulnerability attributes of the reference active
mechanical equipment class shall be defined in terms
of inclusion rules and prohibited features, respectively.

QR-A-7421 Attributes of Equipment Class. Inclusion
rules are the physical and operational characteristics that
define an acceptable range of equipment physical charac-
teristics, dynamic characteristics, and functions for
ensuring seismic ruggedness and defining the bounds
of active mechanical equipment included in a reference
equipment class.
The following factors shall also be considered and eval-

uated when developing inclusion rules: active mechanical
equipment type,weight, features, size and shape, function,
capacity rating, load path, governing industry standards,
materials, natural frequencies, movable subassemblies,
attached items or components, and modifications neces-
sary to achieve the defined seismic capacity. Not all of
these attributes may be applicable to a particular class
of equipment.
The diversity of features represented in the reference

active mechanical equipment shall be described in the
inclusion rules. In those cases where diversity is
limited, the reference active mechanical equipment
class shall be narrowed to the specific features repre-
sented in the reference active mechanical equipment.
In developing a reference equipment class for in-line
components, if more than half of the items are judged
not to have experienced distribution system amplification
(i.e., the in-line component is located immediately adja-
cent to a distribution system support providing seismic
restraint), a limitation shall be applied in termsof an inclu-
sion rule for the reference equipment class.
Prohibited features are design details, materials,

construction features, or installation characteristics
that have resulted in seismic-induced failure of the
active mechanical equipment to maintain its structural
integrity and perform its specified function at earthquake
excitations up to and including the defined seismic capac-
ity level.
Prohibited features should include any attributes that

would contribute to fatigue failure from low-cycle loads.
The rules of this Appendix apply to active mechanical
equipment that may undergo five OBEs or aftershocks
and one SSE, resulting in 60 full-range stress cycles
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during facility life. If a component contains items that
could experience a fatigue failure from low-cycle loads
(fewer than 60 full-range stress cycles), it shall be eval-
uated in accordance with QR-A-6800.

QR-A-7422 Numberof Independent Items.Therefer-
ence active mechanical equipment class should include a
minimum of 30 independent items that performed satis-
factorily. Independent items are components and equip-
ment that have different physical characteristics or
experience different seismic motion characteristics,
e.g., different earthquakes, sites, buildings, or orienta-
tions/locations in the same building.
Where fewer than 30 independent items constitute the

reference equipment class, theEES shall be reducedby the
factors given in Table QR-A-7422-1 to produce the same
statistical confidence level as a reference active mechan-
ical equipment class comprising 30 independent items.
The number of independent items shall not be fewer
than 15.

QR-A-7423 Functionality During Earthquake. In
cases in which functionality during an earthquake is
required of a candidate equipment, an appropriate justi-
fication shall exist in the definition of the reference equip-
ment class for this functionality. This justification shall
demonstrate one of the following:

(a) All of the equipment defining the reference equip-
ment class performed the required functions during the
earthquake.

(b) All of the equipment defining the reference equip-
ment class was functional after the earthquake, and a
quantitative assessment of functionality during the earth-
quake is established based on knowledge of the required
operation of the equipment during the earthquake and
consideration of credible seismic failure modes (e.g.,
shaft binding) that may prevent equipment operation.
Experience gained from analysis or testing of similar
equipment may be used to establish this quantitative
assessment.

QR-A-7430 Special Considerations

QR-A-7431 Inherently Rugged Active Mechanical
Equipment. Earthquake experience shows that certain
types of active mechanical equipment possess high resis-
tance to seismic inertia loads. This may be the result of
inherent characteristics required to accommodate opera-

tional or shipping loads and the application of explicit
design standards. Such active mechanical equipment is
inherently rugged. Where inherent seismic ruggedness
canbeestablished throughanalysis, testing, orearthquake
experience, or where the seismic loads are but a small
fraction of the operating loads, the rules for characterizing
the reference equipment class (i.e., the attributes and
number of independent items defined in QR-A-7421
and QR-A-7422) and the procedure for defining the
seismic capacity of the reference activemechanical equip-
ment class (i.e., the EES defined in QR-A-7412) may be
simplified and reduced. In this case, the characteristics
of the reference active mechanical equipment class and
the technical justification for the assigned capacity
level (EES) shall be developed and documented as the
reference data for this special case.

QR-A-7432 Limitations. Earthquake-experience-
based qualification is limited by the following considera-
tions:

(a) Some types of active mechanical equipment have
complex features, and their design varies significantly
with time. These applications require more detailed
considerations of design variability, which may render
the application of experience data impractical. In these
cases, other methods of qualification shall be used.

(b) In certain cases, functions such as operation during
anearthquakeor chatterof relays andcontactdevicesmay
be difficult to establish from the experience data. In these
cases, other methods of qualification shall be used.

(c) If there is insufficient sample size, insufficientdiver-
sity in the sample, or insufficient reference sites to
adequately define an equipment class, other methods
of qualification shall be used.

(d) Use of earthquake experience data ensures active
mechanical equipment seismic qualification in combina-
tion with normal operating loads. For active mechanical
equipment subject to other concurrent loads, including
applied nozzle loads from distribution systems, the
effect of the loads shall be addressed by supplemental
qualification methods, such as analysis and testing.

(e) Applications that require active mechanical equip-
ment be exposed to harsh environments or aging prior to
or during an earthquake require special consideration. In
such cases, qualification methods other than experience-
based methods may be required.

QR-A-7440 Qualification of Candidate Equipment.
The requirements for qualifying candidate equipment
using earthquake experience data are as follows:

(a) The 5% critically damped required response
spectra (RRS) should be envelopedby the EES of the refer-
ence active mechanical equipment class over the
frequency range of interest, typically 1 Hz to 33 Hz.
Failure of the EES to envelop the RRS shall be justified.

Table QR-A-7422-1
Reduction Factors

Number of Independent Items EES Reduction Factor
30 1.0
25 0.9
20 0.8
15 0.7
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(b) The RRS, as defined in the Seismic Qualification
Specification, shall bederived fromthedesign-basis earth-
quake (see QR-A-6100). The minimum RRS used in earth-
quake-experience-based seismic qualification shall be a
median-centered in-structure response spectrum.

(c) The candidate equipment shall be verified to be
within the inclusion rules of the reference active mechan-
ical equipment class.

(d) The candidate equipment shall be verified to
exclude the prohibited features of the reference active
mechanical equipment class.

(e) Candidate equipment of a newer vintage than the
reference activemechanical equipment class shall be eval-
uated for any significant changes in design, material, or
fabrication that could reduce its seismic capacity
compared with the reference active mechanical equip-
ment class.

(f) The qualification of candidate equipment shall be
documented as specified in QR-A-8330.

QR-A-7500ð23Þ Test-Experience-Based Qualification

Test experience data may be obtained from test results
from previous qualifications. Test experience data is ap-
plicable to establishing seismic qualification for a refer-
ence equipment class based on using the test results for
five or more individual items. The test experience data
should meet the requirements of QR-A-7200. The
minimum OBE requirement shall be five OBEs.
Qualificationbasedon test experiencedata involves five

steps that will be covered, as follows:
(a) characterization of testmotions experienced by the

reference equipment (see QR-A-7510)
(b) establishment of the test-experience-based seismic

capacity for a reference equipment class (see QR-A-7520)
(c) characterization of the test experience reference

equipment class (see QR-A-7530)
(d) comparison of the candidate equipment to the test

experience reference equipment class (see QR-A-7540)
(e) documentation of the qualification process per

article QR-A-8000

QR-A-7510 Characterization of Test Experience Input
Motions. Test input motions used as the basis for a refer-
ence equipment class shall be characterized as follows:

(a) The test input motions shall be multifrequency and
meet the relevant requirements of QR-A-7232.

(b) The test inputmotions shall be characterized by the
test response spectra in the front-to-back, side-to-side,
and vertical directions.

(c) The test input motions shall be recorded at the
mounting point of the equipment.

(d) The test input motions should have broadband
response spectra shape with an amplified region of
one octave or more. If the test response spectrum
(TRS) is narrowband, the peak spectral acceleration in
the narrowband region shall be reduced by a factor of 0.7.

(e) The test input motion shall be biaxial or triaxial. If
the equipment is susceptible to crosscoupling effects, a
reduction factor of 0.7 shall be considered for the
biaxial TRS.

QR-A-7520 Test Experience Spectra. The test experi-
ence spectra (TES) define the SSE seismic capacity of a
reference equipment class in the front-to-back, side-to-
side, and vertical directions. The TES shall be the
frequency-by-frequency mean of the response spectra
from successful tests without malfunction. The TES
should be below the lower envelope of test spectra
that produce failures. In some cases, however, the
failure test spectra may have regions of lower spectral
amplitude that are not likely to have affected the
failure mode. Thus, on a case-by-case basis, the TES
maybegreater thancertainportionsof the lowerenvelope
of failure data. Note that the resulting TES does not neces-
sarily represent a broadband response spectrum towhich
the reference equipment was qualified. The TES should
only be interpreted as a bound to which peak-broadened
narrowband RRS are to be compared as required in
QR-A-7540(b).
Development of an OBE TES is not necessary if the OBE

is not more than 1∕2 the SSE, since the equipment has been
subjected to OBE testing as required in QR-A-7200. If the
OBE is greater than 1∕2 SSE, an OBE TES is required unless
low-cycle fatigue vulnerabilities are identified and
eliminated as prohibited features as required in
QR-7530(a)(2).

QR-A-7530 Characterization of Reference Equipment
Class. A reference equipment class is a group of similar
equipment that shares a narrow range of physical, func-
tional, and dynamic characteristics and whose perfor-
mance in tests has been demonstrated. The similarity
of the reference equipment that defines an equipment
class should be based on an extension of the principle
of similarity of QR-A-7300. The reference equipment
class may include more than one manufacturer or
product series when all of the items are constructed in
the same generalmanner, contain the same basic subcom-
ponents, and respond dynamically in the same manner.
For example, significant natural frequencies of the refer-
ence equipmentwould liewithin approximately 1∕3 octave.
The attributes of the equipment class, the number of inde-
pendent items in the equipment class, and functionality of
the equipment during the test are defined as follows:

(a) Attributes of Equipment Class. The attributes of the
equipment that constitute the test reference equipment
class shall be defined such that those features important
to seismic ruggedness can be assured and any seismic
vulnerability can be identified and precluded in the candi-
dateequipment. Theseequipment ruggedness andvulner-
ability attributes of the test reference equipment class
shall be defined in terms of the following inclusion
rules and prohibited features:
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(1) Inclusion rules define the bounds of equipment
included in the reference equipment class. These rules
define an acceptable range of the equipment’s physical
characteristics, design details, dynamic characteristics,
and functions for which seismic ruggedness has been
demonstrated by testing experience data. The following
factors shall be considered and evaluated when devel-
oping inclusion rules:

(-a) equipment type
(-b) manufacturer
(-c) weight
(-d) mechanical and structural design details

including internal components and structures, features,
size, and shape

(-e) vintage
(-f) function
(-g) capacity rating
(-h) load path including mounting
(-i) governing industry standards
(-j) materials
(-k) natural frequencies
(-l) movable subassemblies
(-m) attached items or components
(-n) modifications necessary to achieve the

defined seismic capacity
Not all of these factors may be applicable or important

to a particular class of equipment. It is the intent of this
subarticle to ensure that the critical seismic characteris-
tics aredefinedanddemonstratedbyexperiencedata.One
of the inclusion rules shall be that theequipment classonly
applies to the manufacturers included in the reference
equipment.

(2) Prohibited features are design details, materials,
construction features, or installation characteristics that
have resulted in seismic-induced failure of the equipment
to maintain its structural integrity and perform its speci-
fied function at test excitations up to and including the
defined seismic capacity level. The bases for resolution
of test anomalies shall be considered in developing the
list of prohibited features. Failure data from other
sources (e.g., earthquake experience data) should also
be reviewed and considered in defining prohibited
features.

Prohibited featuresshould includeanyattributes that
would contribute to fatigue failure from low-cycle loads
from a combination of a number of OBE and SSE events.
Note that the test experience data used to develop a test
reference equipment class should include OBE test data;
this data can be used to determine whether the reference
equipment includes attributes that are sensitive to low-
cycle fatigue. An alternative method for addressing low-
cycle fatigue sensitive attributes is to develop a TES for
OBE in the samemanner as that required inQR-A-7520 for
defining the TES for SSE.

(b) Number of Independent Items. The reference equip-
ment class shall include a minimum of five independent
items that performed satisfactorily. Independent items
are components and equipment that either have different
physical characteristics or experience different seismic
motion characteristics. For example, twoormore identical
items of equipment subjected to the same test input
motions are considered a single independent item. The
numberof independent items shall be sufficient to demon-
strate that the full range of dynamic response parameters
possessed by the defined equipment class have been
exhibited in the testing.

(c) Reference Equipment Class Functionality. The func-
tions that the reference equipment performed during
and/or after the tests shall be defined. An appropriate
justification that these functions were performed shall
exist in the definition of the reference equipment class
(see article QR-A-7000).

QR-A-7540 Qualification of Candidate Equipment.
The requirements for qualifying a candidate equipment
item using test experience data are as follows:

(a) TheRRS shall be envelopedby the TES for the refer-
ence equipment class over the frequency range of interest.
Failure of the TES to envelop the RRS shall be justified.

(b) The RRS used for comparison with the TES should
be the in-structure response spectrum at the mounting
location of the candidate equipment. This RRS, as
defined in the qualification specification, shall be
derived from the SSE. If the RRS is peakbroadened to
account for uncertainty or variation of location, then it
should be justified that the actual response spectrum
at the mounting location is narrowbanded (QR-A-7520).

(c) The RRS used for comparison with the TES shall be
computed for the same damping value as the TES. When
the damping values of the RRS and the TES are different,
additional guidance inQR-A-6232maybeused formaking
the comparison.

(d) The candidate equipment shall be verified to be
within the inclusion rules of the reference equipment
class [see QR-A-7530(a)(1)].

(e) The candidate equipment shall be verified to
exclude the prohibited features of the reference equip-
ment class [see QR-A-7530(a)(2)].

(f) The safety function of the candidate equipment
including the enclosed or attached devices or subassem-
blies, if applicable, during and/or after the earthquake
shall be demonstrated by the reference equipment
class [see QR-A-7530(c)].

(g) The equipment mounting shall be evaluated in
accordance with the qualification specification require-
ments.

(h) Since equipment capacities may change with
vintage, candidate equipment of a newer or an older
vintage than the reference equipment shall be evaluated
for any significant changes in design, material, or
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fabrication that could reduce its seismic capacity
compared to the reference equipment class.

(i) The qualification of the candidate equipment shall
be documented in accordance with the requirements of
article QR-A-8000.

QR-A-7600 Combined Qualification Methods

All of the qualification methods — experience data,
analysis, and testing — have advantages and limitations.
For example, to qualify the active mechanical equipment
in question, it is necessary to show that the like active
mechanical equipment in the experience database has
experienced seismic inputs equal to or greater than
the design basis of the component being qualified. In
general, this can best be examined by analysis to
develop the input seismicmotion applicable to the experi-
ence database.
Results of a given particular active mechanical equip-

mentqualification testmaybecomeapartof anexperience
database. Strictly speaking, this qualification is applicable
only to the activemechanical equipment tested. To extend
qualification to similar active mechanical equipment, it is
necessary to consider potential differences in material
properties, sizes, manufacturing tolerances, clearances,
and mounting characteristics. When these differences
exceed the l imits of s imilar i ty as provided in
QR-A-7300, their effects on qualification shall be evalu-
ated directly by means of analysis or test.
Analysis in general is limited to determination of loads,

reactions, stresses, strains, deflections, and clearances,
which are then compared with acceptable limits. Loss
of function of active mechanical equipment, however,
cannot always be explained in terms of such computed
quantities. In such cases, experience data or testing
shall be relied on to demonstrate functionality or other-
wise establish acceptable limits on those quantities that
can be evaluated by analysis.
All threemethods or combinations thereofmay be used

to seismically qualify functionality of active mechanical
equipment. The decision as to the methods to be used
to qualify a given piece of active mechanical equipment
shall be left to the Certifying Engineer(s) of the qualifying
organization who approve and sign the Seismic Qualifica-
tion Report (see QR-A-8300).
However, nothing in this Appendix shall be interpreted

as preventing the author of the SeismicQualification Spec-
ification (SQS) from specifying in detail (in the SQS) the
method(s) or combination of methods to be used in seis-
mically qualifying the active mechanical equipment
covered by the SQS.

QR-A-8000 DOCUMENTATION

QR-A-8100 General

The documentation for qualification of each active
mechanical equipment type shall demonstrate that the
active mechanical equipment performs its specified func-
tion when subjected to the seismic motions for which it is
to be qualified, including any required margin. Therefore,
proper documentation requires a clear statement of the
specific requirements and an accurate recording of the
procedures and results of the analysis, test, experience
data, or any combination of these methods.
Twodocuments are required to demonstrate functional

seismic qualification of active mechanical equipment: a
Seismic Qualification Specification and a Seismic Qualifi-
cationReport. Thepreparationof theSeismicQualification
Specification is the responsibility of the activemechanical
equipment Owner or his designee. The preparation of the
Seismic Qualification Report is the responsibility of the
organization that performs the active mechanical equip-
ment seismic qualification and evaluates the results as
applicable to the qualification of the active mechanical
equipment. In the event that a manufacturer of the
active mechanical equipment performs a generic
seismic equipment qualification, the preparation of
both the Seismic Qualification Specification (as the
Owner’s designee) and Seismic Qualification Report is
the responsibility of the manufacturer. It is the responsi-
bility of the Owner to review and accept the Seismic Quali-
fication Report.

QR-A-8200 Seismic Qualification Specification
Requirements

The following gives directions in the preparation of the
SeismicQualificationSpecification required for evaluation
of the active mechanical equipment:

(a) The required response spectrum(RRS) for the loca-
tion on which the active mechanical equipment is to be
mounted shall contain the data for the twohorizontal axes
and one vertical axis as a minimum. The RRS shall be
appropriately broadened or based on a building in-struc-
ture response spectrum that was appropriately broa-
dened. The RRS shall include the damping values for
which it was calculated.

(b) If RRSs are not furnished, acceleration design
values; load coefficients; simplified waveforms, such as
sine beats or sine sweep; or a time history shall be
provided.

(c) Theearthquake’s strong-motion timeduration shall
be specified, in seconds, as well as the total number of
cycles and cyclic profile.

(d) Active mechanical equipment mounting or support
details, including all interface connections, shall be
described.
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(e) A physical description of active mechanical equip-
ment shall be provided.

(f) A clear description of the functional requirements
for which the active mechanical equipment is to be seis-
mically qualified shall be provided. This description shall
include typical operational settings (or ranges) for adjus-
table devices.

(g) Other loading and interface requirements to be
accounted for shall be specified.

(h) The environment in which the equipment is
designed to function shall be described.

(i) Acceptance criteria shall be specified.
(j) ASME Class 1, 2, and 3 components shall be identi-

fied.

QR-A-8300 Qualification Report

The Qualification Report shall present a clear, logical
explanation of how the data contained in the Seismic
Qualification Specification and resultant experience,
analysis, tests, or combination thereof have been used
to achieve seismic qualification of particular active
mechanical equipment. Toward this end, the Qualification
Report shall contain the following information:

(a) Active mechanical equipment being qualified shall
be clearly identified.

(b) Required response spectrum (RRS), acceleration
design value (ADV), time histories, required input
motion (RIM), or load coefficient levels for which
active mechanical equipment is being qualified shall be
shown.

(c) A detailed summary of the analysis, test, past
experience used, and results (including pertinent anoma-
lies) shall be presented. Details defining a test fixture if
used during testing shall also be provided. If a component
or device of the active mechanical equipment is tested or
analyzed separately, the procedure used shall also be
summarized. If an anomaly is experienced during any
test, it shall be documented in the report. If the active
mechanical equipment is not modified to eliminate the
anomaly, then the final user shall justify the use of the
active mechanical equipment and file this justification
with the Seismic Qualification Report. Any activemechan-
ical equipment refurbishment that is performed during
seismic testing shall be documented in the test report
and reconciled by the active mechanical equipment
supplier. These data may become part of the postearth-
quake field maintenance checks and procedures for that
active mechanical equipment.

(d) If analysis is used to qualify the active mechanical
equipment, the failure modes used to determine func-
tional adequacy shall be clearly identified and computed
margins to failure presented.

(e) Integrity of equipment supports and component or
device mountings shall be demonstrated and described.

(f) All documents used in generating the Seismic Quali-
fication Report shall be identified and referenced.

(g) A dated approval signature shall be included.

QR-A-8310 AnalyticalData. If analysis isperformedas
the qualification method, the method and data used, and
failure modes considered, shall be presented in a step-by-
step form that is readily auditable by persons skilled in
such analysis. Boundary conditions, including anchoring
and any other interfaces, shall be clearly defined. Input/
output data required to support performance claims shall
be included in the report. The reaction force(s) at the
interface connection(s) to the support structure shall
also be included.
A statement shall be made verifying that the computer

programs were validated on the computer hardware on
which the program was executed. Computer programs,
options, version numbers, dates, and systems used
shall be identified and documented.

QR-A-8320 Test Data. If testing is used as the quali-
fication method, the test data shall contain the following
information:

(a) active mechanical equipment being qualified
(1) tested active mechanical equipment identifica-

tion (including devices)
(2) tested active mechanical equipment Qualifica-

tion Specification
(3) tested active mechanical equipment settings and

limitations when appropriate
(b) test facility

(1) location
(2) testing equipment and calibration

(c) test method and procedures, including monitoring
for functionality, and acceptance criteria

(d) active mechanical equipment mounting details,
including all interface connections

(e) test data, including proof of performance, test
response spectrum (TRS) plots, required input motion
(RIM) plots, time histories, and power spectral density
(PSD) coherence checks as necessary. Whatever the
type of multifrequency testing employed, the acceleration
time history of the input table motion shall be provided in
the test report in addition to theTRS.As aminimum, a time
history of the tablemotion shall be provided for one test in
each of the three directions of excitation from the SSE
testing.

(f) test results, includingmeasurednatural frequencies
and conclusions (including statement of any anomalies)

QR-A-8330 Earthquake-Experience-Based Qualifica-
tion Documentation. The Qualification Report shall
include

(a) a detailed description of the active mechanical
equipment to be qualified, including the essential internal
components and devices.

(b) the required response spectrum at 5% critical
damping.

(c) a detailed description of the reference active
mechanical equipment class, including
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(1) characterization of the reference motions in
terms of a response spectrum

(2) development of the EES for the specific equip-
ment class

(3) characteristicsof the referenceactivemechanical
equipment class

(4) inclusion rules and prohibited features
(5) function of the reference active mechanical

equipment class
(6) compliance to the requirements of this Standard

(d) compliance of the active mechanical equipment to
be qualified to the inclusion rules and prohibited features
of the reference active mechanical equipment class.

(e) demonstration and description of integrity of
equipment supports, load path, mounting, and anchorage.

QR-A-8340ð23Þ Testing-Experience-Based Qualification.
The Qualification Report shall include

(a) a detailed description of the active mechanical
equipment to be qualified, including the essential internal
components and devices

(b) the required response spectrum at 5% critical
damping

(c) a detailed description of the reference active
mechanical equipment class, including the following:

(1) characterization of the reference motions in
terms of a response spectrum

(2) development of the TES for the specific equip-
ment class

(3) characteristicsof the referenceactivemechanical
equipment class

(4) inclusion rules and prohibited features
(5) function of the reference active mechanical

equipment class
(6) compliance to the requirements of this Standard

(d) compliance of the active mechanical equipment to
be qualified to the inclusion rules and prohibited features
of the reference active mechanical equipment class

(e) demonstration and description of integrity of
equipment supports, load path, mounting, and anchorage

QR-A-8350 ð23ÞCombined Methods of Qualification. If
proof of performance is by a combination of methods
described in QR-A-7100 through QR-A-7500, the report
shall contain reference to the specific combined qualifica-
tion method used and appropriate information contained
in each method as described therein. When extrapolation
of data ismade from similar activemechanical equipment,
a description of the differences between the active
mechanical equipment involved shall be provided. Justi-
fication that the differences do not degrade the seismic
adequacy below acceptable limits, which may require
some additional analysis or testing, shall be included.
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Nonmandatory Appendix QR-B
Guide for Qualification of Nonmetallic Parts

QR-B-1000 SCOPE

This Appendix recommends a methodology and
describes the documentation that should be available
in a user’s (generally a utility’s) files to demonstrate
the qualification of nonmetallic parts, materials, or lubri-
cants (known as nonmetallics). It covers the qualification
of nonmetallics in new equipment and existing equipment
that is within the scope of the user’s mechanical equip-
ment qualification program.
This Appendix provides guidance for the use of nonme-

tallics test data, documented service life information,
analysis as a means of qualification, qualification
testing of nonmetallics, and the establishment of limita-
tions on the use of certain nonmetallics to ensure their
acceptable performance. It provides guidance on the
factors to be considered in qualifying equipment using
these nonmetallics for service in nuclear facility environ-
ments.
This Appendix addresses the steps for the user of the

mechanical equipment to follow to qualify and maintain
the qualification of the nonmetallics that are a part of the
mechanical equipment.

QR-B-2000 PURPOSE

The purpose of this Appendix is to provide guidance for
demonstrating and maintaining the environmental quali-
fication of nonmetallics. It provides guidance for the use of
nonmetallic test data, documented service life informa-
tion, analysis, andqualification testingasmeansofdemon-
strating the environmental qualification of nonmetallics.
This Appendix is nonmandatory. It provides recom-

mendedmethods for the demonstration andmaintenance
of the environmental qualification of nonmetallics. As a
nonmandatory recommended guide, it contains
wording such as shall, should, and may. The word shall
is used to denote a suggested requirement, the word
should to denote a suggested recommendation, and the
word may to denote permission, neither a requirement
nor a recommendation.
This Appendix provides guidance on the necessary

documentation requirements that are specific to nonme-
tallics to ensure the existence of accurate and complete
records of qualification. It provides the user with those
factors that should be consideredwhen preparing a quali-

ficationmaintenance program for the equipment inwhich
the nonmetallics are used.

QR-B-3000 ð23ÞREFERENCES

The references are as listed in article QR-3000.

QR-B-4000 DEFINITIONS

All definitions are contained in article QR-4000.

QR-B-5000 REQUIREMENTS

QR-B-5100 General

Normally, nonmetallics in mechanical equipment are
more susceptible to degradation resulting from normal,
abnormal, and accident environmental and service condi-
tions than are metallic parts. The qualification of the
nonmetallics in mechanical equipment shall be demon-
strated for the applicable postulated service and environ-
mental conditions to ensure that the equipment can
perform its intended safety function.
The nonmetallics shall be identified by their specific

material name, manufacturer, manufacturer’s specific
compound, configuration, and their safety function(s).
All of the environmental service conditions at the location
of the nonmetallic shall be clearly defined. The effect of the
processmediumtemperatureon the lifeof thenonmetallic
should be evaluated for any process medium whose
temperature is higher than the highest external environ-
mental temperature. Temperature rise within the
mechanical equipment during operation of the equipment
should also be included when defining the environment
for a nonmetallic.
Whenqualification is by analysis, it is important that the

combinedeffectsof theenvironmentalparametersbe fully
considered in the analysis. The combined effects of time-
temperature and radiation degradation should be consid-
ered. The effect that exceeding the radiation threshold
could have on the time-temperature analysis should be
included in the analysis.
The effects of environmental and service conditions

should be evaluated, and all failure mechanisms asso-
ciated with these conditions should be identified. This
evaluation should be used in selecting an appropriate
qualification method.
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QR-B-5200 Identification and Specification of
Qualification Requirements

Each nonmetallic shall be identified by material type. It
is important to be as specific as possible, since there may
be variations in degradation properties of nonmetallics
within the same generic material family. The following
are necessary to properly identify nonmetallics:

(a) commercial name/trade name of the material
(b) manufacturer
(c) generic name/chemical name of the material
(d) dimensions of the part(s) composed of thematerial
(e) chemical composition of the material
(f) manufacturer’s compound identification for the

material
(g) the material’s activation energy (in conjunction

with one of the above identification methods only and
that is based on the material’s critical failure mechanism
in the intended service)
NOTE: When properties for a specific material are not available,
the qualifier should choose data for materials of the same family
and failuremechanismas thematerials in question. The qualifier
shall provide a basis as towhy these properties are conservative.

The safety functions of each nonmetallic should be
specified. Each nonmetallic’s location and function in
the equipment should be identified. The effects of
failure modes (the component’s manufacturer should
be consulted for advice/assistance in making this deter-
mination) for the nonmetallic should be evaluated with
respect to its safety function. Nonmetallics having no
failure modes under the specified environmental and
service conditions that affect the safety function of the
mechanical equipment may be excluded from qualifica-
tion. However, the evaluation leading to their exclusion
should be recorded in the mechanical equipment’s quali-
fication documentation.

QR-B-5210 External Conditions. The external service
conditions should be specified separately from the condi-
tions at the location of the nonmetallic (internal to the
mechanical equipment). The specification for the external
conditions should include normal, abnormal, and postu-
lated design-basis event (DBE) parameters. These param-
eters may include, but are not limited to, the following:

(a) temperature
(b) pressure
(c) relative humidity
(d) radiation: gamma, beta, neutron (doses and rates,

under normal and accident conditions)
(e) cycling/operability: wear, make/break
(f) duration: normal, DBE, post-DBE
(g) spray: chemical, demineralized water
(h) submergence

QR-B-5220 Internal Conditions. The internal condi-
tions depend on the application of the mechanical equip-
mentandvaryaccordingly. Theseparametersmay include

(a) process fluid media type and chemistry
(b) process temperature
(c) process pressure
(d) process relative humidity
(e) process radiation
(f) mechanical stress

QR-B-5300 Selection of Qualification Methods

Acceptable methods of qualification are testing,
analysis, use of operating experience, and combinations
thereof. The choice of qualificationmethodwill depend on
the severity of the environmental and service conditions
and the resulting failuremechanisms for the nonmetallics.
In some instances, itmayalsodependon thedata available
to document qualification.
Analysis may be used when awell-definedmodel exists

for evaluating the effect of the environmental and service
conditions on the nonmetallics. The use of analysis is
simplified when the number of influences on the nonme-
tallics is limited to one or at most two parameters. Oper-
ating experience may be used if it can be adequately
documented and shown to envelop the specified
normal, accident, and postaccident environmental and
service conditions of thenonmetallic. Testing to simulated
conditionsmaybeusedwhenapplicable analyticalmodels
donotexist orwhen thenumberof influences tobeconsid-
ered makes their use difficult. Any of the methods may be
used in conjunction with another. For example, operating
experience could be used to limit or eliminate the need for
normal life simulation. The reasoning for the choice of
methods should be documented in the qualification
record.
Followingqualification, itmaybenecessary touse alter-

nate nonmetallics or change the configuration of nonme-
tallics in the course of equipment evolution. The effects of
these changes and/or substitutions shouldbeevaluated to
determine if the nonmetallic’s qualification has been
affected. The evaluation should be documented and
become part of the qualification record for the associated
mechanical equipment. If the evaluation determines that
qualification has been affected, the nonmetallics shall be
qualified in accordancewith all of the requirements of this
Appendix. Analysis may be used provided it is docu-
mented; it demonstrates that the substitutednonmetallics
areequalor superior to thequalifiednonmetallics inmate-
rials, design, and application; and it demonstrates that
they do not compromise the performance of the mechan-
ical equipment under any postulated normal, abnormal,
and/or accident condition.
The qualified life, replacement schedule, and replace-

ment procedures for the qualified nonmetallics should
bedeterminedand recorded in thequalificationdocumen-
tation. Reference to another appropriate document
containing the data may be made in lieu of repeating
the contents of that document.
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The shelf life of all nonmetallics, and any applicable
storage limitations, should be determined and recorded
in the qualification documentation.

QR-B-5400 Preservation of Qualification

Once qualified mechanical equipment is installed, its
qualified condition should be preserved through appro-
priate preventive maintenance, testing, and monitoring.
Care should be taken to ensure that nonmetallics are
exposed to conditions that are no more severe than
those for which they have been qualified.
If during the course of their service life nonmetallics are

exposed to conditions not bounded by the qualification,
their ability to withstand these conditions shall be eval-
uated, and, as appropriate, further qualification shall be
performed. This additional qualification may result in
shorter qualified life, increased surveillance require-
ments, or the need for the use of another material.
Thepreventivemaintenance thatwas assumedor simu-

lated under the qualification program should be
performed on the installed component to preserve the
qualification of the component. Nonmetallics should be
replaced prior to the end of their qualified lives. Any
time that the nonmetallic is disturbed, such as during
corrective maintenance, it shall be returned to the condi-
tion assumed or simulated in the qualification. For
example, disturbing crush-seal O-rings will require
their replacement. The maintenance program for the
overall component should ensure that all covers, seals,
etc., that protect nonmetallics from the environment or
inadvertent physical damage are restored followingmain-
tenance.
Failure or unexpected wear out of nonmetallics during

the service life of the associated component should be
evaluated to determine whether the condition resulted
from a random defect or stress that was not fully consid-
ered during the qualification. If the condition resulted
from such a stress, appropriate action, such as eliminating
the stress, limiting the life of the nonmetallic, or requal-
ification, should be taken.
Where uncertainties exist in qualification models or in

accuratelydefiningenvironmental or service conditionsat
the location of the nonmetallic, conditionmonitoring may
be used to establish replacement and refurbishment
schedules. Intervals between monitoring the condition
of the nonmetallic should be set such that wear out or
failure does not occur prior to observation of the condi-
tion.

QR-B-5500 Documentation

The qualification of nonmetallics shall be documented.
The equipment user should maintain the record of quali-
fication. The documentation should, as a minimum,
include

(a) identification of each nonmetallic in the equipment

(b) description of its application/function in the
mechanical equipment

(c) the equipment’s postulated internal and external
service conditions

(d) the Qualification Report
(e) the qualified life of each nonmetallic
(f) the qualification for replacement nonmetallics that

were not part of the original qualification
(g) schedules and requirements for maintenance/

surveillance
(h) shelf life preservation requirements
Qualification documentation should include as much

detail as possible concerning assumptions and considera-
tions made during the performance of the qualification.
Such details are of great use during the service life of
mechanical equipment when further analysis and evalua-
tion of the qualification of nonmetallics are necessary. It
should also establish traceability and similarity to the
tested/analyzed materials for the nonmetallics that are
installed in the qualified component.
ArticleQR-B-7000describes thedetailsof thedocumen-

tation procedure requirements of this Appendix.

QR-B-6000 METHODS OF QUALIFICATION

QR-B-6100 General

This Article provides guidance on the application of
testing, experience data, and analysis to qualify nonme-
tallics for their safety functions. Each of thesemethods has
certain strengths and weaknesses that the qualification
engineer should consider in selecting the most appro-
priate method, or combination of methods, for a specific
component. It is the qualifier’s responsibility to ensure
that any qualification of nonmetallics is done to the
same margins as is required by Sections QP and QV, as
applicable.
Testing at the actual conditions desired for qualification

will normally provide themost assurance that the nonme-
tallic will perform acceptably. However, it may be neces-
sary to approximate the anticipated conditions as a result
of limited time and test facility capabilities. The qualifier
shall consider the effects of these approximations on the
qualification results.
The application of experience from actual service of a

similar nature to that desired for qualification may
provide information from applicable environments, but
adequate documentation of that experience may be diffi-
cult to maintain and retrieve. The qualifier shall exercise
care in extrapolating these data for use in environments
other than those for which actual data are available.
Analysis can be an effective method of demonstrating

the applicability of information for one nonmetallic to the
qualification of another. However, great care should be
taken to ensure that themethods used for the comparison
are validated and appropriate for the specific qualification
activity.
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In most cases, a combination of the three methods will
provide the most accurate and reliable qualification.
Prior to selecting the method(s) to be used in a parti-

cular qualification application, the qualifier should eval-
uate the potential failure modes of the nonmetallic(s) and
the consequences of that failure. Formalized approaches
to this analysis, such as failuremodes and effects analysis,
shouldbeconsidered. Suchananalysis canassist thequali-
fier in predicting the most probable failure mode (such as
tensile failureor compression set) and thedegree towhich
the degraded part can perform its safety function.
In order to be qualified to the criteria of this Article, the

nonmetallic shall demonstrate that after exposure to its
normal and/or accident environments, it will retain suffi-
cient properties to perform its intended safety function. It
shall have at least the specifiedminimumelasticity, tensile
or compressive strength, or other pertinent property that
the mechanical equipment manufacturer deems neces-
sary for the nonmetallic to perform its safety function.

QR-B-6200 Arrhenius Model

A recognized method of characterizing accelerated
thermal aging effects and estimating equivalent
damage at specific time-temperature points is the appli-
cation of the Arrhenius model. This methodology is
described below.
It has been generally demonstrated that for many

nonmetallics, the time-temperature degradation
process can be described in a single temperature-depen-
dent reaction that follows the Arrhenius equation

= [ ]k A E k Texp ( / )a B

where
A = frequency factor (assumed constant)
Ea = activation energy, eV

exp = exponent to base e
k = reaction rate

kB = Boltzmann’s constant
x = 0.8617 × 10−4 eV/K
T = absolute temperature, K

This equation can be rearranged into the following
form, which is more useful:

=t t E k T Texp / (1/ 1/ )a B2 1 2 1

where
Ea = activation energy of the nonmetallic, eV
kB = Boltzmann’s constant
x = 0.8617 × 10−4 eV/K

T1 = accelerated aging temperature, K
T2 = qualified service temperature, K

t1 = accelerated aging time, units of time (usually
days)

t2 = qualified service duration, sameunits of time as t1

One of the most important assumptions on which the
Arrhenius model is based is that the activation energy of
the reaction remains constant over the temperature range
of interest. Activation energies formost elastomericmate-
rials are typically in the range of 0.75 eV to 0.85 eV.
However, there is agreatdeal ofdata available to thequali-
fierwithhigherand lowerelectronvolts. It is thequalifier’s
responsibility to review the available literature and data-
bases to determine the electronvoltmost applicable to the
material and the specific usage for which it is being qual-
ified.
It is the responsibility of the qualifier to determine the

activation energy of the material being qualified. The
manufacturer of the nonmetallic is normally the
primary source for this information. If the manufacturer
is unable to provide the required information and the
qualifier uses data for similarmaterials, it shall be demon-
strated that the value selected is conservative for the
material being qualified, intended use/configuration of
the material, and environmental conditions for which
the qualification is intended.
NOTE: Lower values of activation energy produce conservative
results when predicting lifetimes from accelerated aging tests.
The reasonableness of these results should be considered in the
determination of the qualified life of the nonmetallic.

The Arrhenius model is presented here because of its
wide acceptance in the determination of thermal aging
effects. However, other models have also been developed,
especially by material manufacturers. It is recommended
that the Arrhenius model be used.

QR-B-6300 Testing

Testing a nonmetallic at conditions similar to those for
which it is to be qualified can provide a high level of confi-
dence in its ability to perform its safety function. Testing
shall subject the nonmetallic to load conditions, durations,
and sequences that have been shown to be at least as
severe as the conditions for which the nonmetallic is
to be qualified. Except as described in QR-B-6310 and
QR-B-6320, the sequence of applied loads should dupli-
cate, to the extent practicable, the environment for which
the nonmetallic is to be qualified. A typical sequence
includes thermal aging, radiation exposure, and operation
under the qualification conditions of temperature, pres-
sure, humidity, and chemical environment. The test
sequence, whether as described above or some other,
shall be justified and documented as appropriate for
the qualification application.
It is preferred that the nonmetallic be tested when

installed in the actual equipment in which it performs
its safety-related function. If this is not practical, the
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fixture used should accurately simulate the actual installa-
tion of the nonmetallic.
During the qualification testing, typical conditions of

static and mechanical loads (including operating
cycles), chemical environment, radiation environment,
temperature, and pressure shall be applied. The operating
cycles during aging (end-of-life conditions) should simu-
late the expected operation for the same interval as the
accelerated normal life. Separate operating cycles should
be imposedduring simulated accident exposure for equip-
ment that is expected to operate during and/or following
exposure to an accident or postaccident environment(s).
The test conditions and duration of testing shall be as
severe as the conditions for which the nonmetallic is
to be qualified.
Considerable data exist as a result of testing performed

by manufacturers and users of nonmetallics. With proper
verification of the validity and applicability, these data can
be used in the qualification process. This verification
should include a consideration of the physical and chem-
ical properties, test sequences, loads and load combina-
tions applied, durations of loads, and potential synergistic
effects. A sound basis shall be provided for accepting
testing sequences other than those stated above.
Other factors to consider include the size and shape of

the nonmetallic being tested, amount of the nonmetallic
exposed to the test environment, and variation of the
material properties within the specific material
compound. The effect of a given environment ononeprop-
erty of the material shall not be used to infer the effect of
that environment on other properties unless the appro-
priate correlation is justified.
The uncertainties inherent in the test methods, test

facilities, assumptions, and judgments concerning se-
quences of loads applied and other factors should be
considered when establishing qualification margins.

QR-B-6310 Thermal Aging. Thermal aging is imposed
on nonmetallics to approximate, during qualification
testing, the thermal degradation expected over the life
of the nonmetallic. This testing can be performed at
the temperatures expected during the life of the nonme-
tallic or can be accelerated to some extent by subjecting
the nonmetallic to higher than expected temperatures for
a shorter time than anticipated in service. If accelerated
aging is used in the qualification process, extreme care
shall be taken to ensure that atypical material changes
resulting from the elevated temperature do not invalidate
the test data. A method of showing a correlation between
the long-term thermally induced degradation at one
temperature and the accelerated degradation that
occurs at elevated temperatures is described in
QR-B-6200.
During the thermal aging process, the nonmetallic shall

be mounted or contained in its normal configuration,
either as installed in the mechanical equipment or in a
test fixture.

QR-B-6320 RadiationAging.Radiationaging is used in
the qualification process to cause material degradation
that is at least as severe as that which is anticipated to
occur in the service forwhich thenonmetallic is to bequal-
ified. Since it is frequently impractical to expose the
nonmetallic to its end-of-life condition at normal exposure
rates, it is permissible to accelerate the radiation aging by
exposing thenonmetallic toahigherdoserate fora shorter
length of time than anticipated in service. The maximum
exposure rate should be limited to a level that prevents
excessive temperature rise in thematerial and subsequent
nontypical material property changes. The effects of self-
shielding and location of the source(s) should also be eval-
uated and justified. The possibility that low-dose rates
experienced in actual service may be more damaging
than the higher rates applied during qualification
should also be considered.
Consideration should be given to the types of radiation

(beta, gamma, etc.) that the equipment and its nonmetal-
lics will see in service. These types of radiation shall be
addressed in any testing program and the appropriate
exposure requirements established by the qualifier.

QR-B-6330 Mechanical Wear Aging.Mechanical wear
resulting from operating cycles is an important qualifica-
tion consideration. It is desirable to perform the wear
cycles during the accelerated thermal and radiation
aging process to account for any transitory property
changes. The qualifier should consider the fact that accel-
eratedaging (thermal andradiation)may imposedifferent
loadings and material property characteristics on the
nonmetallic. If it is determined that this is the case,
mechanical wear aging should be performed under condi-
tions that more accurately reflect actual operating condi-
tions. Wear-aging testing should address any lubrication
requirements for the nonmetallic being tested. The wear
cycles should be imposed in combination with the other
loads anticipated in actual service. However, if this is
impractical, the wear-aging cycles may be applied
during another part of the qualification process, provided
that the deviations from the anticipated operating
sequences are justified.

QR-B-6400 Use of Experience

Data obtained from operating experience are consid-
ered comparable with test data, provided the total envi-
ronment in which the nonmetallic was used is well
characterized. Appropriate conservatism shall be used
to account for the unknowns associated with the
reduced control on actual operating environments
compared with typical test environments.
Since qualification testing usually requires the imposi-

tionofDBEconditions followingagingof thenonmetallic, a
common application of experience data in qualification is
the testingatDBEconditionsof thenonmetallic previously
used in the actual environment of interest.
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Without further testing, the experience data shall
adequately demonstrate that the criteria stated in
QR-B-6100 for demonstration of qualification can be met.

QR-B-6500 Qualification by Analysis

Nonmetallics may also be qualified through the use of
analysis. Analysismay be used to show that test or experi-
ence conditions are more severe than those to which the
candidate nonmetallic is to be qualified. Analysis is also
used to determine the loads that are to be applied in the
qualification process. It can also be used to demonstrate
that specific load combinations are appropriate for a given
qualification activity. The analytical techniques used
should be based on sound engineering principles and
should have been verified by independent means to
demonstrate their validity for the functional characteristic
being analyzed. All assumptions and approximations
included in the analyses shall be clearly defined and justi-
fied.
Without further testing, the analysis should adequately

demonstrate that the criteria stated in QR-B-6100 for
demonstration of qualification can be met.

QR-B-7000 DOCUMENTATION

In addition to the documentation requirements
contained in article QR-8000, the requirements in
QR-B-7100 through QR-B-7400 shall be met when one
of the stated methods is used to qualify nonmetallics.

QR-B-7100 Documentation for Qualification by
Operating Experience

(a) identification of the specification for the nonmetal-
lics for which operating experience is available

(b) comparison of specifications and functions of the
nonmetallics to be qualified with those having operating
experience data

(c) summary of operating experience data, including
operating conditions,maintenance records, and operating
history

(d) the logic used to qualify the nonmetallic for its
intended service based on the available experience data

(e) limitations on the qualification

QR-B-7200 Documentation for Qualification by
Analysis

(a) description of the analytical methods, computer
codes, or mathematical model used and the method of
verification

(b) description of the assumptions and empirical data
used, along with the appropriate justifications

(c) description of the analytically established perfor-
mance characteristics and/or the sources of the test
data used to perform the analysis, along with justification
of the data’s applicability to the specific qualification
program

(d) conclusions, including any limitations on qualifica-
tion

QR-B-7300 Documentation for Qualification by
Combined Methods

When combined methods of qualification are used, the
appropriate requirements of QR-B-7100 and QR-B-7200
shall be complied with.

QR-B-7400 Documentation of Modifications or
Changes That Can Affect Qualification
of Nonmetallics

Allmodifications to qualified nonmetallicsmade during
the installed life of the component should be documented
by the component user. The evaluation of the modifica-
tion’s effect on the nonmetallic should be documented, as
should any requalification that is determined to be nec-
essary.
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Nonmandatory Appendix QR-C
Sample Certifying Engineer Certification Statements

This Appendix provides sample Certifying Engineer
Certification statements that may be used as a guide to

develop the Certifying Engineer Certification state-
ments required by QR-8640. See Forms QR-C-1
through QR-C-6.
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Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualification of 
active mechanical equipment and related nuclear facility requirements relative to this Qualification Specification, certify 
that to the best of my knowledge and belief it is correct and complete with respect to the Design and Service Conditions 
given and provides a complete basis for qualification in accordance with _________ and other applicable requirements of 
the ASME QME-1 Standard ______ Edition.

The Qualification Specification and Revision being certified is:

Certification

Form QR-C-1
Sample Qualification Specification (QP, QV) Certification Statement�

Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualification of 
dynamic restraints and related nuclear facility requirements relative to this Qualification Specification, certify that to the 
best of my knowledge and belief it is correct and complete and provides a complete basis for qualification in accordance 
with _________ and other applicable requirements of the ASME QME-1 Standard ______ Edition.

The Qualification Specification and Revision being certified is:

Certification

Form QR-C-2
Sample Qualification Specification (QDR) Certification Statement
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Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualification of 
active mechanical equipment, and using the certified Qualification Specification, do hereby certify that to the best of my 
knowledge and belief the Qualification Report is complete and accurate and complies with the qualification requirements 
of the ASME QME-1 Standard ______ Edition.

Qualification Specification and Revision:

Qualification Report and Revision:

Certification

Form QR-C-3
Sample Qualification Report (QP, QV) Certification Statement

Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualification of 
dynamic restraints, and using the certified Qualification Specification, do hereby certify that to the best of my knowledge 
and belief the Qualification Report is complete and accurate and complies with the qualification requirements of the 
ASME QME-1 Standard ______ Edition.

Qualification Specification and Revision:

Qualification Report and Revision:

Certification

Form QR-C-4
Sample Qualification Report (QDR) Certification Statement
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Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, qualification, and 
application of mechanical equipment in nuclear facilities, and using the certified Qualification Report, do hereby certify 
that to the best of my knowledge and belief the Application Report is complete and accurate and complies with the 
requirements of the ASME QME-1 Standard ______ Edition.

Qualification Report and Revision:

Application Report and Revision:

Certification

Form QR-C-5
Sample Application Report (QP, QV) Certification Statement

Certified by __________________________ P.E.

Registration No. _________ State* ___________

Date ______________________

* or Province of Canada

I, the undersigned, being a Certifying Engineer competent in the applicable field of design, testing,  qualification, and 
application of dynamic restraints in nuclear facilities, and using the certified Qualification Report, do hereby certify that 
to the best of my knowledge and belief the Application Report is complete and accurate and complies with the 
requirements of the ASME QME-1 Standard ______ Edition.

Qualification Report and Revision:

Application Report and Revision:

Certification

Form QR-C-6
Sample Application Report (QDR) Certification Statement
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Section QDR
Qualification of Dynamic Restraints

QDR-1000 SCOPE

Section QDR contains the qualification requirements
and guidelines for ASME Boiler and Pressure Vessel
Code (BPVC) qualified dynamic restraints. Restraint
items may be qualified as part of a restraint assembly
or qualified separately. It is the responsibility of the
Owner or the Owner’s designee, hereafter referred to
as the Owner, to specify those restraints to which this
Section applies.
The scope of this Standard is limited to hydraulic snub-

bers,mechanical snubbers, gap restraints, andviscoelastic
dampers. Restraints and restraint itemsqualified in accor-
dance with this Section shall meet the requirements of
Section QR. The requirements of Section QDR take prece-
dencewhen the requirements of SectionQDR conflictwith
the requirements of Section QR.

QDR-1100 Boundaries of Jurisdiction

All elements of a dynamic restraint within the bound-
aries of jurisdiction are within the scope of Section QDR.
The boundaries of jurisdiction are defined as being from
the connection of the restraint to the supporting structure
or fromtheconnectionof theattachmentof the restraint to
one piping/component/structure to the connection of the
attachment to another piping/component/structure.
Connecting items such as pins, bolts, and welds are
excluded from the boundaries of jurisdiction.
This qualification Standard augments, but does not

replace, the requirements of ASME BPVC, Section III,
Subsection NF.

QDR-2000 PURPOSE

The purpose of Section QDR is to define requirements
and provide guidelines for the qualification of dynamic
restraints. Initial qualification shall be achieved by
testing and analysis in order to provide assurance that
the restraint in service shall function as required
under all specified design conditions. Previously qualified
restraints shall be reconciled with the provisions of this
Section as noted in article QDR-4000.
A Qualification Specification for dynamic restraints that

specifies the functional parameters and general perfor-
mance requirements provides the basis for qualification.

QDR-3000 ð23ÞDEFINITIONS

The following definitions establish the meaning of
words in the context of theiruse in this Sectionandsupple-
ment those listed in Section QR:
activation: the change of condition from passive to active,
in which a snubber or viscoelastic damper resists rapid
displacement of the attached pipe or component. Activa-
tion is quantified in terms of acceleration, velocity, dis-
placement, or other specified physical characteristics.
breakaway: the force required to initiatemovement in one
direction.
candidate restraint: those components qualified through
extension of parent qualification.
cavitation: theopeningof a gapbetween thepistonand the
viscoelastic liquidas a result of a forceandvelocity applied
to the piston.
cavitation load: that force and velocity applied to the
viscoelastic damper piston that causes cavitation.
damping resistance:a linear approximationof the relation-
ship of the load velocity characteristics of the viscoelastic
damper piston.
dead band: the free axial movement of the restraint
between the two activation levels in opposite directions.
drag: the load required tomaintain restraintmovement at
a specific velocity.
dynamic restraint: any support that, by design, has a
primary purpose of controlling dynamic movement of
a pipe or component. Restraints may be single items
or assemblies comprising multiple items.
extreme position: that limit on the piston position relative
to the barrel of a viscoelastic damper where the specified
damping or stiffness characteristics are no longer appli-
cable.
fatigue failure: failure due to cyclic stress where the
loading may be below the component Service Level.
fatigue life: number of stress cycles experienced by a
component prior to a fatigue failure.
gap: the physical distance the pipe or component will
travel along the restraint axis before movement is
restricted.
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parent restraint: components used to initially qualify a
given design.
previously qualified restraint: anASMEBPVC restraint that
was qualified to existing industry standards prior to
Section QDR and that has an established performance
history in similar safety-related applications.
rated load: the design load capacity for the restraint based
on the use of Service Level A.
release rate: the rate of the restraint axial movement after
the activation of the restraint under a specified load.
Service Level: Level Service Limit is defined byASMEBPVC
Section III.
spring rate: the linear approximation of the relationship of
the load displacement characteristics of the restraint.
stroke: the maximum available axial movement of the
device.

QDR-4000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophy pertaining
to equ ipmen t qua l i f i c a t i on a re p rov ided in
article QR-5000 and apply to mechanical equipment in
general. Qualification requirements specific to the
restraint or restraint items are contained in articles
QDR-5000 through QDR-7000.
Restraints are used to control dynamic system

responses. Ideally, under a steady or continuing force,
the restrained system or component will move freely,
as if the restraints did not exist. However, when a
force is applied suddenly, restraints will control
dynamic responses such that the stresses in the restrained
system or component will not exceed allowable Code
limits.
The basic characteristic of a dynamic restraint is its

ability to develop a force-displacement relationship
during dynamic loading that will restrain the movement
of the systemor component. Thequalificationprogram for
dynamic restraints will adequately define the level of this
force-displacement relationship at various operating
frequencies. Additionally, the qualification program
may predict the degradation of these force-displacement
relationships when subjected to operational and severe
environmental conditions, such as high-cycle fatigue,
humidity, dirt, dust, spray, or radiation. Each restraint
device will have different functional parameters that
will be specific to its operation and that will govern
the level and degree of qualification needed to define
this force-displacement relationship. The qualification
program shall identify the key functional parameters
to be qualified for the specific restraint type identified.
Some typical values of the more common functional pa-
rameters requiring qualification for restraints are
contained in Nonmandatory Appendix QDR-B.

Typically, vibration has a detrimental effect on the long-
term performance of a restraint. Vibration effects may
result in reduced fatigue life and possibly increased
restraint aging.
The load-displacement relationship is used by

designers for the modeling of restraints in a system
analysis and, in turn, adds to the validity of the system
analysis. The spring rate is a simplified expression of
the force-displacement relationship of the restraint
under the action of a cyclically applied load equal to
the magnitude of the rated load. The spring rate may
vary as a function of the frequency and magnitude of
the applied load.
Subsubarticle QR-7340 describes qualification by simi-

larity analysis. Nonmandatory Appendix QDR-A contains
typical parameters to be considered when qualification is
to be established by similarity.
When the requirements of Section QDR are invoked for

previouslyqualifiedrestraints, aQualificationReport shall
reconcile existing qualification documentation with the
intent of Section QDR as well as address any new require-
ments that may be specified in the Qualification Specifi-
cation.

QDR-4100 Hydraulic Snubbers

Hydraulic snubbers are restraints used to mitigate the
effects of a dynamic event. These devices allow for rela-
tively unrestricted movement at low velocities, typical of
thermal growth rates. They control displacement veloci-
ties by passing a fluid medium through some form of
controlled passage or orifice from the high-pressure
portion of the fluid system to a lower-pressure portion
of the device. The controlled flow rate determines the
linear displacement of the piston/piston rod. These
devices typically provide some means of accommodating
fluid expansion/contraction due to ambient temperature
changes and may accommodate fluid volume differences
associated with single-piston-rod designs.

QDR-4110 ð23ÞFunctional Parameters. The functional pa-
rameters of snubbers are essential for the users to design
their systems. These parameters, as applicable to the in-
dividual designs, are as follows:

(a) Activation. Some restraint designs may not have an
active triggering characteristic but instead rely on passive
inherent nonlinear response. In such cases, this test, and
the determination of the dead band, would not be appli-
cable.

(b) Release Rate. The release rate magnitude depends
on the loading magnitude and is an indication of the
recovery rate of the restraint as it returns to the inacti-
vated condition.

(c) Breakaway.
(d) Drag.
(e) Dead band.
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(f) Load Rating. Load rating shall be determined in
accordance with ASME BPVC, Section III, Subsection NF.

(g) Spring rate.
(h) Rate of Fluid Loss. While the rate of fluid loss in

hydraulic restraints is not strictly a functional parameter,
it is important because hydraulic restraints will not func-
tion properly without hydraulic fluid. An acceptable limit
for the fluid loss rate is important to the qualification of a
restraint and therefore shall be considered in the Quali-
fication Specification and subsequent testing.

(i) Stroke.

QDR-4200 Mechanical Snubbers

Mechanical snubbers are restraints used tomitigate the
effects of a dynamic event. These devices allow for rela-
tively unrestricted movement at low velocities, typical of
thermal growth rates. They control displacements, velo-
cities, or acceleration levels by mechanical means.

QDR-4210ð23Þ Functional Parameters. The functional pa-
rameters of snubbers are essential for the users to design
their systems. These parameters, as applicable to the in-
dividual design, are as follows:

(a) Activation. Some restraint designs may not have an
active triggering characteristic but instead rely on passive
inherent nonlinear response. In such cases, this test may
not be applicable.

(b) Release rate, when applicable.
(c) Breakaway.
(d) Drag.
(e) Dead band.
(f) Load Rating. Load Rating shall be determined in

accordance with ASME BPVC, Section III, Subsection NF.
(g) Spring rate.
(h) Stroke.
The effects on the functional parameters in (a) through

(h)due to any formof lubricant used shall be considered in
the Qualification Specification and subsequent testing.

QDR-4300 Gap Restraints

Gap restraints are nonlinear devices. The restraint
provides a gap, which can be set for the predicted
thermal movements at the installed location. This gap
will allow free thermal expansion, or the device can be
set so that there is a compromise between thermal move-
ment and dynamic gap (i.e., some thermal movement is
restrained to lessen the amount of dynamic deflection
allowed). After the gap is closed, a force is generated
when the contact surfaces engage. When the dynamic
movement is reversed, the system or component
moves back through the gap until the gap closes in the
opposite direction. The opposite contact surfaces then
engage, and a force is generated.

QDR-4310ð23Þ Functional Parameters. The functional pa-
rameters pertinent to gapped restraints are as follows:

(a) Gap Size. The amount of gap is predicated on what
the analysis indicates is appropriate and can be smaller or
greater than the predicted thermal movement.

(b) Spring Rate. Deflections will be imposed on the
device as a result of the transmission of static and/or
dynamic loads. Spring rate in a gapped device is
defined by its characteristics after the gap is closed
and loading begins.

(c) Fatigue Life. An evaluation of fatigue life of springs
shall be made.

(d) Drag. Drag could be developed as the device moves
through its gap.

(e) LoadRating. Load rating shall bedeterminedby test
or analysis, in accordance with ASME BPVC, Section III,
Subsection NF.

QDR-4400 Viscoelastic Dampers

Viscoelastic restraints (commonly referred to as viscoe-
lastic dampers) are used to control dynamic system
responses. The basic characteristic of a viscoelastic
damper is its ability todevelopa force-displacement/velo-
city relationship that will restrain, with no dead band,
movement from seismic and operational vibration
frequencies and amplitudes, as well as from impact or
impulse loads. Under steady-state or static forces, the
system or component supported by viscoelastic
dampers at operating temperatures will move within
the travel limits of the damper. The movement results
in a resisting drag force on the system or component
equal to a small percentage of the rated load capacity
of the viscoelastic damper. The stiffness and damping
characteristics of a viscoelastic damper are functions of
the viscosity of the viscoelastic liquid, which is dependent
on the temperature of the liquid, the rate of applied
loading, and the load frequency. When a force is
applied suddenly, viscoelastic dampers control
dynamic response.

QDR-4410 ð23ÞFunctional Parameters. The functional pa-
rameters of viscoelastic dampers are essential inputs for
the design of the piping systems or components that are
supported or restrained. These parameters, as applicable
to the individual size and type of viscoelastic damper at
specified operating temperatures, are as follows:

(a) Drag.
(b) Load Rating. Load rating shall be determined in

accordance with ASME BPVC, Section III, Subsection NF
requirements and cavitation load when subjected to
cyclic loading as identified in a Qualification Report
(see QDR-7310) for each type and size of damper.

(c) Spring rate.
(d) Damping resistance.
(e) Range of movement.
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QDR-5000 QUALIFICATION SPECIFICATION

(a) The Owner shall provide a Qualification Specifica-
tion to define the required performance characteristics.
The performance characteristics shall include the accept-
able values and ranges of restraint functional parameters
and anticipated environments. Typical content of a Quali-
fication Specification is shown in Mandatory Appendix
QDR-I. The Qualification Specification shall be reconciled
with the Design Specification in accordance with ASME
BPVC Section III, Subsection NF.

(b) A restraint design’s suitability to meet the require-
mentsof theQualificationSpecification for a specific appli-
cation is required to be documented in an Application
Report as described in QDR-7320.

(c) The Qualification Specification shall be certified by
one or more Certifying Engineers in accordance with the
requirements of QR-8610.

QDR-6000 QUALIFICATION PROGRAM

QDR-6100 General Requirements

Section QDR provides two basic methods for qualifica-
tion of a restraint. A restraint may be qualified by a
program of testing and analysis to become a qualified
parent restraint, or it may be qualified by an extension
of a qualification program that has been previously
performed on a similar parent restraint.

(a) Subarticle QDR-6200 shall be used to provide func-
tional qualification of a parent restraint through a testing
program. The testing is intended to demonstrate that a
restraint can perform its required function under condi-
tions specified in the Qualification Specification.

(b) Subarticle QDR-6300 shall be used to provide func-
tional qualification of a wide range of candidate restraint
sizes by extension of the parent restraint qualification.
This is accomplished through demonstration of design
similarity and analysis.
The procedure of QDR-6300 is based on the application

of a comprehensive analytical modeling procedure that
shall be verified by the results of the parent restraint
testing program. The program shall show applicability
to the selected candidate restraints. This extension of
qualification is based on the conditions that both the
parent and candidate restraints use the same design
concept and that the rules of QDR-6300 are fully satisfied.
The use of QDR-6300 is not obligatory in the sense that all
restraintsmay be qualified by testing as parent restraints;
however, if QDR-6300 is used for the extension of parent
restraint qualification to a candidate restraint qualifica-
tion, all provisions of QDR-6300 shall be complied with
for the candidate restraint.

QDR-6200 Parent Restraint Qualification

QDR-6210 Approach to Qualification. The intent of
parent restraint qualification is to provide generic quali-
fication of a given restraint design. An Application Report,
as described in QDR-7320, is required to provide docu-
mentation that each of the production restraints is qual-
ified for a specific application.
In any qualification program there is a concern that the

unit selected for testing is exceptional. Testing multiple
units, randomly selected if possible, may reduce this
concern. The Owner shall establish the number of
units required for satisfactory qualification. Testing of
multiple units provides increased confidence in repeat-
ability of the test results. Additional conservatism may
be added to the anticipated service requirements to
give further confidence in the component. If one or
more units fail to meet the requirements, an analysis
to determine the reason for failure is required to
provide data for design changes. Since the test
program could result in considerable usage of the
restraints, tested units shall be examined and appropri-
ately refurbished prior to actual service.
There may be special requirements specified for

restraints subject to unique conditions or applications.
Such requirements shall be defined in the Qualification
Specification. Tests or evaluations shall be conducted
to verify the ability of the restraint to endure or satisfy
these conditions.

QDR-6220 Testing.TheQualificationPlan shall specify
the functional parameters and environmental variables to
be measured. The functional parameters shall include
those specified in article QDR-4000. The environmental
variables shall include temperature, humidity or
steam-water condition, special thermal transients,
external pressure, and radiation, as applicable. The appli-
cation of a low-amplitude, high-frequency vibration shall
be included as an environmental requirement. Testing
shall include all loading conditions defined in the Quali-
fication Specification.
The spring rate is a function of the load direction, exten-

sionof restraint travel, andamplitudeand frequencyof the
dynamic loading, aswell as environmental conditions. The
spring rate is determined by subjecting the test unit to
dynamic cyclic tests over an appropriate frequency
range. Test temperatures shall be identified in the
Design Specification and Qualification Report.

QDR-6221 Installation and Orientation. The parent
test restraint shall be supported by its normal mounting
points to permit testing in accordance with QDR-6222.
The Qualification Plan shall specify the way the restraint
is to be mounted for testing.
If spherical bearings are used for connection, the toler-

ance between the inner bearing hole diameter and the
diameter of the pin shall be specified by the restraint
manufacturer. The connection of the restraint is not
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designed to transmitmomentsandmustallow forerection
misalignment and inservice system or component move-
ment. There shall be no binding or interference between
the mating connection parts within the specified angular
cone.Thedesignof the connectionshall be such thatmove-
ment of the systemor component attachment in the direc-
tion of the load is minimized in the connection.
The program shall require that the restraint unit be

mounted in a manner that simulates its expected
service application. Alternatively, the test restraint may
be mounted in a conservative worst-case orientation,
provided that a satisfactory justification for the worst-
case orientation decision is documented in the Qualifica-
tion Report.
The provisions of QDR-6300 shall be used to extend

parent restraint qualification to various candidate
restraint sizes. The parent restraint test program shall
include measurement instrumentation as necessary to
satisfy all the requirements of that subarticle.

QDR-6222 Test and Monitoring Equipment. The test
shall be conducted and monitored using equipment
adequate for detecting changes in the variables. TheQuali-
fication Plan shall specify the test and monitoring equip-
ment to be used for the qualification and describe the
accuracy within the anticipated range. The test and moni-
toring equipment shall be calibrated and documented
against auditable calibration standards. The data-
recording equipment shall have sufficient speed, sensi-
tivity, and capacity to permit measurement of the time
dependence of each variable.

QDR-6223 Test Sequence. Qualification testing shall
be in accordance with QDR-6200 and include tests in (a)
through (f) in the described sequential order. Any devia-
tions shall be justified in the Qualification Report. Addi-
tional testing may be inserted within this sequence as
appropriate. The testing sequence, except as noted in
the previous sentence, shall be

(a) pretest examination
(b) pre-aging functional parameter testing
(c) aging and service condition simulation
(d) intermediate examination without disassembly,

maintenance, or modifications
(e) post-aging functional parameter testing
(f) post-test examination
Pretest examination shall include, but is not limited to, a

thorough dimensional verification of all components.
These dimensions shall be recorded for comparison
with the post-test dimensional examination.
Intermediate examination shall consist of visual exam-

ination for loose, broken, or corroded components,
fittings, fasteners, etc. Signs of fluid loss should be
noted, where applicable. No activities that could repair
or mitigate any degradation shall be performed.

QDR-6223.1 ð23ÞFunctional Parameter Testing for
Hydraulic Snubbers. Testing for all parameters described
in QDR-4100 shall be performed at temperatures identi-
fied in the Design Specification and Qualification Report.
Temperature shall be recordedat thebeginningandendof
each test. The tests shall beperformedwith the restraint at
the approximate midstroke (1∕2 travel range) position
unless otherwise required.

(a) The activation level (where applicable) shall be
tested in each direction by applying a load to the restraint.
Theaccelerationor velocity shall be recordedas a function
of time. The activation level shall be determined from
these data.

(b) Therelease rate shall be testedandrecorded ineach
direction at 5%, 10%, 25%, 50%, and 100% of Service
Level A and at 100% Service Level C and D loads, all
at a specified temperature.

(c) The breakaway drag shall be determined at the
initiation of the drag test in each direction or during a
test performed specifically to determine breakaway
drag. The force correspondingwith the initiation ofmove-
ment shall be recorded.

(d) The drag shall be determined in each direction. The
values of the drag and the velocity shall be recorded. Drag
shall be performed throughout themanufacturer’s recom-
mended operating range of travel to demonstrate drag
characteristics.

(e) The dead band shall be recorded during the activa-
tion level testing described in Section QDR or during a
separate test performed specifically for determination
of dead band.

(f) Where it is impracticable to perform multicycle
dual-direction, faulted-load dynamic testing, one-cycle
dynamic loading tests shall be performed subsequent
to all other tests. The restraint shall be tested at the
approximate midstroke location and at each end of the
manufacturer’s recommended operating range. A
loading amplitude equal to the Service Level D loading
shall be performed to demonstrate adequacy of the
response. The force, displacement, and velocity (or accel-
eration, as appropriate) shall be recorded. Any damage or
otheranomalies shall benotedandevaluated todetermine
the effects of Service LevelD loads on theoperability of the
restraint.

(g) The spring rate shall be tested by a dynamic cyclic
loading equal to the rated load, or other load specified in
the Design Specification. Methods of spring rate determi-
nation shall be identified in the Qualification Report (see
QDR-7310). For dynamic testing at less than rated load,
testing per (f) shall be sufficient to provide for extrapola-
tion combinedwith analysis to validate qualification at the
rated load. The peak displacement range, including the
dead band, shall be obtained during the dynamic cyclic
test through the peak force range. The peak force
range shall include load applied in opposite directions.
Restraint displacement shall be determined at the
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approximate 1∕4-, 1∕2-, and 3∕4-stroke locations according to
the requirements of the Qualification Specification. The
testing frequency shall be as specified in the Design Spec-
ification and Qualification Report. Response at each
frequency shall be recorded as load-displacement
traces. No extreme change in displacement should be
observed from one frequency to the next, as this could
indicate that the fundamental frequency (natural
frequency) resides in the specified range.

(h) The stroke is a parameter to be dimensionally veri-
fied, but no further testing need be performed.

(i) Hydraulic fluid loss during the testing shall be
recorded.

QDR-6223.2ð23Þ Functional Parameter Testing for
Mechanical Snubbers. Testing for all parameters
described in QDR-4200 shall be performed at tempera-
tures identified in the Design Specification and Qualifica-
tion Report. Temperature shall be recorded at the
beginning and end of each test. The tests shall be
performed with the restraint at the midstroke (1∕2
travel range) position, unless otherwise required.

(a) The activation level (where applicable) shall be
tested in each direction by applying a load to the restraint.
The acceleration (rate of change), velocity, displacement,
or one or more other specified characteristics shall be
recorded as a function of time. The activation level
shall be determined from these data.

(b) Therelease rate shall be testedandrecorded ineach
direction at 5%, 10%, 25%, 50%, and 100% of rated load
and at the Service Level C load.

(c) The breakaway drag shall be determined at the
initiation of the drag test in each direction or during a
separate test performed specifically for determination
of breakaway drag. The force corresponding with the
initiation of movement shall be recorded.

(d) The drag shall be determined in each direction. The
values of the drag and the velocity shall be recorded. Drag
shall be performed throughout themanufacturer’s recom-
mended operating range of travel to demonstrate drag
characteristics.

(e) The dead band shall be recorded during the activa-
tion level testing described in Section QDR, or during a
separate test performed specifically for determination
of dead band.

(f) Where it is impracticable to perform multicycle
dual-direction, faulted-load dynamic testing, one-cycle
dynamic loading tests shall be performed subsequent
to all other tests. The restraint shall be tested at the
approximate midstroke location and at each end of the
manufacturer’s recommended operating range. A
loading amplitude equal to the Service Level D loading
shall be performed to demonstrate adequacy of the
response. The force, displacement, and velocity (or accel-
eration, as appropriate) shall be recorded. Any damage or
otheranomalies shall benotedandevaluated todetermine

the effects of Service LevelD loads on theoperability of the
restraint.

(g) The spring rate shall be tested by a dynamic cyclic
loading equal to the full rated load, or other load specified
in the Design Specification. For dynamic testing at less
than rated load, testing per (f) shall be sufficient to
provide for extrapolation combined with analysis to vali-
date qualificationat the rated load. Thepeakdisplacement
range, including the dead band, shall be obtained during
the dynamic cyclic test through the peak force range. The
peak force range shall include load applied in opposite
directions. Restraint displacement shall be determined
at the approximate 1∕4-, 1∕2-, and 3∕4-stroke locations
according to the requirements of the Qualification Spec-
ification. The testing frequency shall be as specified in the
DesignSpecificationandQualificationReport. Responseat
each frequency shall be recorded as load-displacement
traces. No extreme change in displacement should be
observed from one frequency to the next, as this could
indicate that the fundamental frequency (natural
frequency) resides in the specified range.

(h) The stroke is a parameter to be dimensionally veri-
fied, but no further testing need be performed.

(i) Degradation of any lubrication shall be monitored
and documented during testing.

QDR-6223.3 ð23ÞFunctional Parameter Testing for
Gap Restraints. All parameters described in QDR-4300
shall be determined at the recorded room temperature.
The tests shall be performed with the restraint at the
approximate midstroke (1∕2 travel range) position,
unless otherwise required.

(a) The gap is a parameter to be dimensionally verified,
but no further testing need be performed.

(b) Thespring rate shall beverified through testingbya
dynamic cyclic loading equal to the rated load (or other
specified load). Spring rates may differ in tension and
compression and shall be noted. No extreme change in
displacement should be observed from one frequency
to the next, as this could indicate that the fundamental
frequency (natural frequency) resides in the range speci-
fied in the Design Specification and Qualification Report.
Methods of spring rate determination shall be identified in
the Qualification Report (see QDR-7310). For gap
restraints that have load-limiting capability, the spring
rate may change at a predetermined load.

(c) If fatigue life of springs is verified through testing,
the spring shall be exercised through its entire working
range to simulate the design life.

(d) The drag shall be determined in each direction. The
value of the drag shall be recorded. Drag shall be
performed throughout the entire range of travel (gap)
to demonstrate drag characteristics.

(e) A loading amplitude equal to the Service Level D
loading shall be performed to demonstrate adequacy of
the response. The force, displacement, and velocity
shall be recorded. Any damage or other anomalies
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shall be noted and evaluated to determine the effects of
Service Level D loads on the operability of the restraint.

QDR-6223.4ð23Þ Functional Parameter Testing for
Viscoelastic Dampers. All parameters described in
QDR-4400 shall be defined for the range of temperatures
wherein each type and size of viscoelastic damper is qual-
ified to function as an active restraint. Temperature shall
be recordedat thebeginningandendof each required test.

(a) The viscosity of the viscoelastic liquid shall be
measured and recorded. The method of determination
of viscosity or related quantity shall be identified in
the Qualification Report. Viscoelastic dampers at higher
temperatures no longer function as a damper due to vis-
cosity changes and function instead as gap restraints. The
temperature at which this change in function occurs shall
be identified for each type and size of damper. The Appli-
cation Report shall identify if a separate qualification of
the device as a gap restraint shall be performed to satisfy
Section QDR requirements and documented in the Quali-
fication Report.

(b) Qualification testing shall be performed measuring
horizontal (transverse and longitudinal) and vertical drag
force. Limits for the drag force associatedwithmoving the
piston with rated load applied under a range of specific
applied velocities at various temperatures shall be estab-
lished and documented. At a predetermined temperature,
the viscoelastic damperwill act as a gap restraint and shall
be qualified according to existing Section QDR require-
ments.

(c) Rated loads for applicable ASME Code Service
Levels for active dampers’ axes shall be defined.

(d) Spring rate stiffness shall be determined dynami-
cally as a function of frequency or velocity of the applied
load. The applied loads divided by the recorded displace-
ments describe the spring rate stiffness.Methodsof spring
rate stiffness determination shall be identified in a Quali-
fication Report for each type and size of damper.

(e) Damping resistance characteristics shall be deter-
mineddynamically asa functionof frequencyorvelocityof
applied load. Method of damping resistance determina-
tion shall be identified in a Qualification Report for
each type and size of damper.

(f) The range of movement is a parameter to be dimen-
sionally verified, butno further testingneedbeperformed.
The testing frequency shall be as specified in the Design

Specification and Qualification Report.

QDR-6223.4.1 When the Damper Is Used to
Resist Cyclic Loads

(a) The spring rate of the damper for active degrees of
freedom at a different velocity of the piston applied as a
cyclic load at 0.1 Hz (effectively static load) and at incre-
mental rates of loading in the frequency range shall be
verified and documented as specified in the Design Spec-
ification and Qualification Report.

(b) The spring rate at various temperatures shall be
verified and documented.

(c) Restraint spring rate curves for different levels of
rated load with a cyclic rate of loading at increments and
frequencies shall be verified and documented as specified
in the Design Specification and Qualification Report.

(d) From the damper spring rate curves, a representa-
tive stiffness shall be developed anddocumented to define
damper elastic stiffness.

(e) Damping resistance characteristics for cyclic load,
size, and temperature as required for stiffness evaluation
shall be determined and documented.

QDR-6223.4.2 ð23ÞWhen the Damper Is Intended as
a Restraint for an Impact or Impulse Load

(a) The spring rate of the damper for rated load appli-
cation at representative impact or impulse loading rates
shall be verified.

(b) The resultant damper spring rate and damping at
various temperatures shall be verified and documented.

(c) Damper functional characteristics above a
maximumdefined temperature shall be verified anddocu-
mented in accordance with gap restraint qualification
procedures.

QDR-6224 ð23ÞAging Simulation. The Qualification Plan
shall specify the aging simulation and any additional
testing based on requirements in the Qualification Spec-
ification. Aging simulation equivalent to service condi-
tions shall be conducted.
The manufacturer shall specify the level of low-ampli-

tude, high-frequency vibration (axial and/or transverse)
that the restraint design can withstand without adversely
impacting the operating parameters of the restraint.

QDR-6225 Special Tests.TheQualificationPlan shall
specify special tests for the restraint design if required by
the Qualification Specification. Test setup and equipment
used shall closely simulate the required condition so that
feasibility can be illustrated and correlation between
results can be established.

QDR-6226 ð23ÞMaterial Data Requirements. The
following material data shall be included to ensure
that the restraint is manufactured according to the Quali-
fication Specification:

(a) data to prove the adequacy of the basic material
selection. An example of this would be tests for compat-
ibility between the seal material and hydraulic fluid and
between the seal material and the working environment.
Special consideration shall be given to the combined
effects of temperature and radiation on material perfor-
mance.

(b) data onmaterial andprocess traceability to demon-
strate that the material of the tested restraint and the
materials designated in the manufacturing specification
meet the same requirements as the material selection
justified in (a).
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QDR-6227 Limits or Failure Definition. The dynamic
restraint shall be considered to have failed the qualifica-
tion testing requirements if any of the following occurs:

(a) failure to meet any of the functional parameters
(e.g., activation, release rate, drag force, dead band,
spring rate) specified for the dynamic restraint in the
Qualification Specification, while being loaded to its speci-
fied load ratings for any loading condition

(b) failure to meet any of the functional parameters
during/after being subjected to the environmental condi-
tions specified in the Qualification Specification

(c) failure to meet any of the special testing require-
ments of the Qualification Specification

(d) failure to pass a post-test examination and analysis
after all testing and exposure to the environmental condi-
tions specified in the Qualification Specification

QDR-6228 Post-Test Examination and Analysis.
Upon completion of the qualification tests, the tested
assembly shall be disassembled, examined, and subjected
to a post-test analysis. The results of this analysis shall be
documented in the Qualification Report and contain the
following information:

(a) identification of the restraint tested
(b) the last test conducted on the restraint in the test

sequence
(c) analysis of the post-test restraint condition
(d) summary, conclusions, and recommendations
(e) approval signature and date
(f) disposition of the restraint

QDR-6300 Candidate Qualification

QDR-6310 General Requirements. Candidate
restraints that are identical in construction (same manu-
facturer, type, size, rating, etc.) toaparent restraintmaybe
qualified by preparing an Application Report in accor-
dance with QDR-7320 and referencing the appropriate
parent restraint Qualification Report.
Candidate restraints that are not identical in construc-

tion to a parent restraint may be qualified by extension
through appropriate analysis and/or testing.
This subsubarticle is not intended to be a stand-alone

qualification-by-analysis technique. It contains guidelines
for the functional qualification of a candidate restraint
based on the extension of parent restraint qualification
by analysis. The analysis techniques and procedures
shall have been validated through correlation of analytical
predictionswith the parent test results. As such, qualifica-
tion of a candidate restraint by QDR-6300 cannot be
broader in scope than that for the parent restraint,
tested in accordance with the requirements of QDR-6200.
The procedure is based on a high degree of similarity

between the candidate and parent restraints.Where suffi-
cient design similarity exists (in accordance with
QDR-6320), qualification of the candidate restraint can
be demonstrated by a test-verified analysis procedure

designed to ensure that the mechanical strength, rigidity,
and critical design tolerances of the candidate restraint
compare favorably with the qualified parent restraint.
Where inadequate design similarity occurs, the analysis
procedure must be supplemented with additional analy-
tical evaluations or tests.
In order to provide reasonable validation, the test-veri-

fied analysis procedure is based on comparison of analy-
tical predictions with two or more parent restraints as
established in QDR-6340.

QDR-6320 Design Similarity

QDR-6321 Allowance for Differences. Any analysis
must make allowances for differences in dimensions,
performance characteristics, working fluid, orientation,
and other parameters. In order to address these allow-
ances, the test-verified analysis procedure shall be
based on the similarity between the parent and candidate
restraints. The similarity must be sufficient to justify the
applicability of the analysis procedure to these parame-
ters.Theestablishmentof certaindesignsimilarity criteria
will also provide qualification assurance for those param-
eters that are difficult to address in an analysis procedure.

QDR-6322 Similarity Requirements. For qualifica-
tion of a candidate restraint by the test-verified analysis
methods, the requirements for design similarity and
evaluation of differences shall include, where applicable,
but not be limited to, those parameters addressed in
Mandatory Appendix QDR-I.

QDR-6330 Analysis Procedure

QDR-6331 Selection and Documentation

(a) The extension of qualification by test-verified
analysis requires selection of an appropriate analysis
procedure. Analysis procedure , as used herein, is
defined as any combination of algorithms, finite
element analyses, or other appropriate analytical techni-
ques.

(b) The analysis procedure shall be documented in the
Qualification Report.

QDR-6332 Procedure Requirements

(a) Where not verified by test, a detailed analytical
model shall be prepared to address each item listed in
(b). The model can range in complexity from a simple
handbook formula to an elaborate finite element analysis
algorithm or even a specified analytical procedure
composed of various combinations of analytical forms.
The same analytical models shall be capable of analyzing
all similar restraints to be qualified without alterations or
arbitrary adjustment of constants. The models, once
established and verified, must be consistently applied
to all restraints to be analyzed. All finite element analysis
models shall maintain consistency in the application of
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elements, the element types, and the boundary conditions
at all interfaces for all similar restraints that are analyzed.

(b) Theanalysis shall be sufficiently detailed to include,
but not be limited to, the following:

(1) stresses and deflection data for all critical points
in the restraint based on the maximum specified dynamic
loading

(2) stress calculations on all essential-to-function
parts based on the maximum load capability of the
restraint

(3) stresses and deflections for all critical points in
the restraint based on the maximum specified angular
misalignment of the specified load

(4) relative deflections that affect clearances
between all essential-to-function parts that undergo rela-
tive motion during operation of the restraint

(5) fatigue of the restraint as applicable
(6) fundamental resonant frequency of the restraint
(7) rigidity of the mounting brackets used to attach

accessories to the restraint
(8) other functional parameters as designated in

article QDR-4000

QDR-6340 Analysis Procedure Verification

QDR-6341 Verification Methods

(a) Verification of the analytical procedure shall be
accomplished through correlation of the analytical
results with data obtained from testing.

(b) Verification methods may take any combination of
the following forms:

(1) tests conducted on parent restraints performed
in accordance with QDR-6200. The parent restraint test
programshall include additionalmeasurements or testing
as necessary to satisfy the requirements of QDR-6300.

(2) supplemental tests performed outside the scope
of the parent restraint test program but that address spe-
cific portions of the overall analysis procedure, e.g., tests
performed by the manufacturer to verify restraint sizing
calculations, dead band calculations, and restraint break-
away force calculations. The restraint supplier shall
demonstrate applicability of these tests to the restraints
being qualified.

(3) reference to standard textbook calculation
procedures that have been extensively verified, are
widely used, and are accepted throughout the industry
without recourse to further verification tests.

QDR-6400 Extension of Qualification

QDR-6410 Applicability of Qualification Extension.
Provided that the allowable stresses predicted by the
test-verified analysis are in accordance with ASME
BPVC Section III, Subsection NF, the analysis procedure
is applicable in its entirety, without further verification,
to candidate restraint sizes and ratings that

(a) fall within the range of restraint sizes established in
QDR-6300

(b) satisfy the design similarity requirements of
QDR-6320

QDR-6420 Qualification Extension Requirements.
The qualification analysis procedure may be applied,
without further verification by testing, to candidate
restraint sizes and ratings that meet the design similarity
requirements listed below. Design similarity must be
established based on the lack of potential effect on perfor-
mance with regard to all functional parameters (e.g., acti-
vation, release rate, drag force, dead band, and spring
rate). Environmental conditions identified in the Qualifi-
cation Specification must be considered. The following
specific parameters shall be considered in establishing
similarity of design:

(a) Design/Configuration. Applicable candidate
restraint parts shall be similar indesignandconfiguration,
the principal difference being overall size and/or weight.

(b) Materials. Differences in materials of restraint
componentsneed tobeaccounted for.Materialdifferences
are acceptable provided that

(1) appropriate adjustments are made based on the
relative material properties and

(2) due consideration is given to functional perfor-
mance capabilities ofmaterials and combinations ofmate-
rials

(c) Dimensions/Tolerances. Physical dimensions and
tolerances of applicable candidate restraint parts shall
be considered.

(d) Surface Finish. Surface finishes of applicable candi-
date restraint parts shall be considered where applicable.

(e) Fabrication/Assembly Method. Fabrication and
assembly method (e.g., welding, bolting) shall be consid-
ered.

(f) Coatings/Plating. Coatings and plating of applicable
candidate restraint parts shall be considered where ap-
plicable.

(g) Production Testing. Methods used in production
testing during manufacturing shall be considered.

QDR-7000 DOCUMENTATION REQUIREMENTS

QDR-7100 Scope

Qualification documentation is intended to verify that
each restraint is qualified to perform its designated func-
tion when used for its intended service. Qualification is
substantiated by demonstrating the relationship
between the service requirements and testing and/or
analysis, which is done in the qualification program.
The qualification documentation shall include the
following:

(a) A Qualification Plan, as described in QDR-7200, is
required to translate the Qualification Specification into a
step-by-step method of the qualification process.
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(b) AQualificationReport, as described inQDR-7310, is
required to document parent restraint compliance with
Section QDR.

(c) AnApplicationReport, as described inQDR-7320, is
required to document qualification of a particular candi-
date restraint for a specific application.

QDR-7200 Qualification Plan

The Qualification Plan (which may be part of the Quali-
ficationReport) shall be preparedwith appropriate exam-
ination and test record forms. The Plan shall define test
objectives, test instrumentation, conditions of the test,
orientation, permissible maintenance or adjustments,
and acceptance criteria. In addition, the Plan shall
define specific analytical techniques and acceptance
criteria to be used for the extension of parent restraint
qualification to candidate restraints using QDR-6300.

QDR-7300 Reports
QDR-7310 Qualification Report

(a) A Qualification Report shall be prepared for each
parent restraint qualified in accordance with this Stan-
dard. This Qualification Report shall provide complete
identification of the restraint by type, size, rating, and
other data as appropriate, including the Qualification
Plan, test results, and examination data. The Qualification
Report shall also contain a summary of themethodologies
used and the parameters established by the functional
qualification testing and analysis. Any specific limitations
that restrict qualification shall be stated.

(b) Whereprequalifiedpartsof the restraint areused in
the restraint qualification, the Qualification Report shall
reference the report(s) on which such prequalification is
based. In addition, itmust be shown that themounting and
integration of any prequalified part do not degrade or
otherwise interfere with the prequalification of the part.

(c) Each Qualification Report shall be certified by one
or more Certifying Engineers in accordance with the re-
quirements of QR-8620.

QDR-7320 Application Report

(a) An Application Report is required to demonstrate
the suitability of any candidate restraint to meet the re-
quirements of a specific application. An Application
Report is required for each serial-numbered restraint;
however, restraints that have identical construction
and service conditions, differing only in serial and tag
numbers, may be combined into one Application Report.

(b) The intent of an Application Report is to provide
documentation for a specific application. If the application
for a candidate restraint does not differ from the parent
restraint, the Application Report for the parent restraint
may be used for the candidate restraint. The Qualification
Specifications, Qualification Reports, and other design

documentation in accordance with ASME BPVC Section
III can be used to satisfy the requirements in (f).

(c) Candidate restraints that are identical in construc-
tion to a parent restraint may be qualified simply by
preparing an Application Report and referencing the
appropriate parent restraint Qualification Report. Candi-
date restraints that are not identical in construction to a
parent restraint may have qualification extended to them
throughappropriate analysis and/or testing as outlined in
articleQDR-6000. In addition, theApplicationReport shall
reference the appropriate parent restraint Qualification
Report and further show how each of the specific applica-
tion requirements of the Qualification Specification is
appropriately addressed by the parent restraint report
or other tests and analysis.

(d) Qualificationof a candidate restraint is basedon the
individual test conditions for a parent restraint and the
guidance for extension of qualification to candidate
restraints given in QDR-6300. It is the objective of the
Application Report to verify that the candidate restraint
will perform its intended function and that it qualifies for
the operating conditions shown in the Qualification
Report. This may be accomplished by direct comparison
with an identical parent restraint or by supplementary
analysis and/or testing. Any supplementary analysis
and/or testing shall conform to the requirements of
QDR-6300 and show that the qualification of a given
parent restraint constitutes a valid basis for conclusion
that the design of the candidate restraint is of at least
an equivalent adequacy for its intended function.

(e) When prequalified parts of the restraint are used in
the restraint qualification, the Application Report shall
reference the report(s) on which such prequalification
is based. In addition, it shall be shown that the mounting
and integration of any prequalified part do not degrade or
otherwise interfere with the prequalification of the part.

(f) The Application Report for a qualified candidate
restraint shall contain the following, as applicable:

(1) serial number, tag number, or other unique iden-
tification of the candidate restraint.

(2) complete description of the candidate restraint
construction configuration, including an assembly
drawing. This description shall include a complete iden-
tification of the restraint by type, size, and rating.

(3) a summary of the functional parameters and how
they are met by the candidate restraint.

(4) reference to the parent restraint Qualification
Report(s) on which the candidate restraint qualification
is based.

(5) examination reports for both the parent and
candidate restraints.

(6) all test results and analyses used to show that the
candidate restraint satisfies the requirements of
QDR-6300.

(7) reference to the Qualification Reports for all
prequalified parts used per (e).
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(8) any specific limitations that restrict qualification.
(g) Each Application Report shall be certified by one or

moreCertifying Engineers in accordancewith the require-
ments of QR-8630.
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Mandatory Appendix QDR-I
Qualification Specification for Dynamic Restraints

QDR-I-1000 SCOPE

This Appendix provides requirements for a Qualifica-
tion Specification for dynamic restraints for applications
in systems important to the safety of nuclear facilities. The
requirementsof thisAppendix takeprecedencewhen they
conflict with the requirements of article QR-6000.

QDR-I-2000 PURPOSE

The Qualification Specification provides details of func-
tional requirements applicable to restraints for compo-
nents and systems. Requirements for the Qualification
Specification may be provided as part of the Owner’s
Design Specification or by the restraint manufacturer.
If this Qualification Specification is prepared by the
restraint manufacturer, it shall be approved by the
Owner. Compliancewith these requirements for theQuali-
fication Specification is intended to ensure that the oper-
ating conditions and functions of the restraint have been
adequately defined. This will permit the restraint manu-
facturer to demonstrate the adequacyof both thedesignof
the restraint and thematerials used in its construction for
the intended service.

QDR-I-3000 REFERENCES

References are as listed in article QR-3000. Additional
references may be identified by the Owner.

QDR-I-4000 DEFINITIONS

Definitions are as listed in articles QDR-3000 and
QR-4000. Additional definitions may be identified by
the Owner.

QDR-I-5000 QUALIFICATION SPECIFICATION
CONTENTS

It is the responsibility of the Owner or the Owner’s
designee to identify the functional requirements of the
restraint and provide for the delineation of the following
as applicable:

(a) application characteristics (see QDR-I-5100)
(b) design requirements (see QDR-I-5200)
(c) operational requirements (see QDR-I-5300)
(d) functional parameters (see QDR-I-5400)
(e) special material requirements (see QDR-I-5500)

(f) installation and orientation requirements (see
QDR-I-5600)

(g) maintenance, examination, and testing require-
ments (see QDR-I-5700)

(h) spec ia l per formance requirements (see
QDR-I-5800)

QDR-I-5100 Application Characteristics

The application characteristics of each restraint shall be
identifiedby listingwhichever of the following descriptive
terms is appropriate:

(a) seismic restraint
(b) dynamic force restraint
(c) vibration restraint
(d) pipe whip restraint
(e) relief valve restraint
(f) others, including combinations of the above

QDR-I-5200 Design Requirements

The following information shall be specified:
(a) design temperature range
(b) time-temperature data for design thermal transi-

ents with the number of cycles indicated
(c) seismic acceleration and dynamic loading that the

restraints must be capable of withstanding transverse to
the line of action without loss of functional capability

(d) seismic acceleration and dynamic loading that the
restraints must be capable of withstanding along the line
of action without loss of functional capability

(e) limits on the acceptable range of the fundamental
(natural) frequency of the restraint

(f) limits on acceptable angular offset from the line of
load action

(g) others, as applicable

QDR-I-5300 ð23ÞOperational Requirements

Anticipated modes of restraint operation, including
those related to seismic events, dynamic loading, and
operational transients, shall be specified. The operating
conditions, environmental conditions, and any other
aging mechanisms shall be identified.

QDR-I-5310 Operating Conditions. The number of
operational cycles, the imposed loading or movement,
and the environment for each of the following operational
categories shall include
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(a) installation testing
(b) system testing
(c) preoperational testing
(d) start-up testing
(e) normal and abnormal facility operations
(f) inservice testing
(g) vibration
(h) others, as applicable

QDR-I-5320ð23Þ Environmental Conditions. The need for
restraints to perform within normal and abnormal envir-
onmental conditions, with or without maintenance, shall
be stated. Since the attaching hardware can influence the
performance of the restraint, it shall also be considered.
The operating environment for all service levels shall be
considered and shall include

(a) chemistry
(b) temperature
(c) pressure
(d) humidity
(e) radioactivity
(f) airborne particles
(g) others, as applicable

QDR-I-5400ð23Þ Functional Parameters

The functional parameters as listed in SectionQDR shall
be specified and include the following as a minimum:

(a) Hydraulic Snubbers
(1) activation level (when applicable) at loads, toler-

ances, and temperatures
(2) release rate at 5%, 10%, 25%, 50%, and 100% of

rated load and at Level C Service Load at tolerances and
temperatures

(3) acceptable limits for the breakaway force at
temperatures

(4) acceptable limits for drag force associated with
moving at velocities and temperatures

(5) acceptable limits for the dead band at loads,
restraint locations, and temperatures

(6) load ratings for all service levels
(7) acceptable range of spring rates at temperatures,

frequencies, load ranges, and load classifications at which
the spring rate is to bedeterminedwith restraint locations
at 1∕4-, 1∕2-, and 3∕4-stroke locations

(8) availability of full design stroke
(9) fluid level sufficient to maintain acceptable

operation of the device
(b) Mechanical Snubbers

(1) activation level (when applicable) at loads, toler-
ances, and temperatures

(2) release rate (when applicable) at 5%, 10%, 25%,
50%,and100%of rated loadandatLevel C ServiceLoadat
tolerances and temperatures

(3) acceptable limits for the breakaway force at
temperatures

(4) acceptable limits for drag force associated with
moving under a specified velocity at temperatures

(5) acceptable limits for the dead band at loads,
restraint locations, and temperatures

(6) load ratings for all service levels
(7) acceptable range of spring rates at temperatures,

frequencies, load ranges, and load classifications at which
the spring rate is to bedeterminedwith restraint locations
at 1∕4-, 1∕2-, and 3∕4-stroke locations

(8) availability of full design stroke
(9) lubrication degradation that can affect other

parameters
(c) Gap Devices

(1) acceptable limits for the drag force
(2) inclusionof the rangeof available gapadjustment
(3) acceptable range of spring rates at load ranges,

tolerances, and load classifications
(4) acceptable number of cycles for spring fatigue

testing
(5) acceptable limits for drag force associated with

moving under a specified velocity
(6) load ratings for all service levels

(d) Viscoelastic Dampers
(1) acceptable limits for the drag force
(2) load ratings for all service levels
(3) acceptable range of spring rates at positions,

temperatures, frequencies, load ranges, and load classifi-
cations at which the spring rate is to be determined

(4) damping resistance characteristics
(5) allowable displacement range

QDR-I-5500 Special Material Requirements

Specialmaterial requirementsof the restraint shouldbe
specified. Items to be considered shall include, but not be
limited to, the following:

(a) hydraulic or viscous fluids
(b) seals
(c) springs
(d) special surface preparations or coatings
(e) lubricants
(f) bearings
(g) anymaterial that can affect the intended function of

the restraint

QDR-I-5600 Installation and Orientation
Requirements

The following requirements for the installation of the
restraint shall be specified:

(a) orientation of the hydraulic restraint and relative
position of the hydraulic reservoir to the restraint if any
limitations exist

(b) orientation of themechanical restraints installation
if any limitations exist

(c) orientation of the viscoelastic restraint installation
if any limitations exist
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(d) the available space for installation and removal if
any limitations exist

(e) travel location in the restraint as installed
(f) the range of transverse movement provided
(g) any special mounting provided or required
(h) considerationof the conservativeworst-case instal-

lation, if such an installation exists, as identified in
QDR-6221 shall be given

QDR-I-5700 Maintenance, Examination, and
Testing Requirements

The following requirements for inservice maintenance,
examination, and testing activities shall be specified:

(a) Provision for restraint maintenance, examinations,
and testing shall be specified.

(b) Special provisions for in situ restraintmaintenance,
examinations, and testing shall be specified, if required.

(c) Requirements for demonstrating the feasibility of
performing the required in situ inservice tests and/or
activities shall be specified, as applicable.

(d) For hydraulic restraints, a requirement shall be
specified for the determination of acceptable fluid level
ranges, such that the snubber shall be operable in any
combination of piston positions and temperature
ranges as identified in the Design Specification.

(e) For viscoelastic restraints, a requirement shall be
specified for the determination of acceptable fluid level
ranges, such that the damper shall be operable in any
combination of piston positions and temperature
ranges as identified in the Design Specification.

QDR-I-5800 Special Performance Requirements

Other requirements for special performance or loading
conditions, as applicable, shall be specified.

QDR-I-6000 FILING REQUIREMENTS

A copy of the Qualification Specification shall be filed at
the location of the installation and shall be available to the
enforcement authorities having jurisdiction over the
facility installation.
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Nonmandatory Appendix QDR-A
ð23ÞRestraint Similarity

QDR-A-1000 SCOPE

This Appendix provides guidance in determining
whetherdesign similarity exists such that thequalification
analysis procedure may be applied to candidate restraint
sizes and ratings without further verification by testing.
Examples are included that illustrate how design simi-
larity may be established, in accordance with QR-7340
and QDR-6420.

QDR-A-2000 EXAMPLES OF DESIGN SIMILARITY

Design similarity may be extended to entire assemblies
or individual parts. Some examples of design similarity in
terms of specific parameters are listed in QDR-A-2100
through QDR-A-2700. These are limited, selected exam-
ples and are not intended to be all inclusive. It should
be noted, however, that all similarity parameters
defined in QDR-6420 must be considered when deter-
mining the acceptability of applying a qualification
analysis procedurewithout further verification by testing.

QDR-A-2100 Similarity of Design Configuration

Design configuration similarity implies that the signifi-
cant design features that influenceor control performance
parameters are identical or similar in configuration. In
those cases, it may be possible to correlate test data
from one size to another.
As an example, for many hydraulic snubbers, the acti-

vation and release rate parameters are defined in terms of
flow rate and pressure. For hydraulic snubbers that use
the samecontrol valveor a similar configuration, the effect
of temperature on these parameters may be determined
by extrapolation or interpolation of data obtained by
testing only one snubber size.
Likewise, for mechanical devices that use identical

mechanical means to transfer motion or force, it may
be possible to interpolate the effect of temperature on
the lubricant used in the transfer region. In a case
such as this, similarity should be determined based on
the volumes and surface areas involved, surface condi-
tions, tolerances, and localized forces.
Other parameters that may be verified using configura-

tion similarity include lost motion (dead band), stiffness,
or load rating. The applicability of thismethoddepends on
quantifying the exact similarities and addressing any
differences relative to the parameter being investigated.

Other design features that may affect the performance
characteristics of the restraint include similarity of the
mass of moving parts, cumulative tolerances as parts
get larger, effects of volumetric changes, variances in
contact and load transfer surfaces, and heat transfer prop-
erties.

QDR-A-2200 Similarity of Materials

Wear or aging data obtained by testing a selected
restraint model or size should be applied to other
models or sizes, provided that the same or similar mate-
rials (i.e., mechanical, physical, and chemical properties)
are used. Justification of differences should be provided.

QDR-A-2300 Similarity of Dimensions and/or
Tolerances

Similarity of critical dimensions may enable qualifica-
tion tobeextrapolated tomultiple sizes. For instance, seal-
aging data obtained by testing O-rings of a specific size
may be applied to other O-ring sizes that have the
same cross-section thickness, if the cross-sectional area
is the critical characteristic and material and environ-
mental similarities are verified. The same approach
could potentially be used for mechanical seals and bear-
ings. Tolerances for mating parts should be evaluated and
any differences justified, taking into consideration effects
from scaling (i.e., thermal expansion, contact surface
areas, increased friction, and similar considerations).

QDR-A-2400 Similarity of Surface Finish

Wear or aging data obtained by testing restraints of a
givenmodelmaybeapplied toothermodels, provided that
surface finishes between mating parts for which relative
motion exists are representative of the restraints towhich
the data are to be applied. Care shall be taken to evaluate
effects of any differences between surfaces, thicknesses,
and localized force application.

QDR-A-2500 SimilarityofFabricationorAssembly
Method

Life-cycle test data (e.g., data obtained from cyclic
loading or vibration tests) obtained by testing a specific
restraint model may be applied to other models, provided
that both models were fabricated and assembled in the
same or a similar manner. A model that is assembled
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by welding would not be similar to a model that is
assembled by bolting. Items to consider also include
variances in machining and assembly tolerances, orienta-
tion, test connections, data collection, andanyother inputs
that may influence performance of the restraint.

QDR-A-2600 Similarity of Coatings/Plating

Corrosion resistance data obtained by testing a selected
restraint model shall be applied to other models or sizes,
provided that the same or similar plating or coatings are
used. Thickness of plating, exposed surface area, and
orientation shall be considered.

QDR-A-2700 Similarity of Production Testing

Production tests for some snubber models may involve
quasi-static testing inwhichactivationparameters suchas
activation level, release rate, or acceleration threshold are
measured. For other restraint models, dynamic testing
methods may be used for production tests. Qualification
testing, on the other hand, generally involves dynamic
testing. Similarity of production test methods should
be considered when applying qualification test data
from one restraint model to another. Any differences
in critical characteristics or test parameters between
qualification test results and production test results
that could affect performanceof the restraint shall be eval-
uated.
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Nonmandatory Appendix QDR-B
ð23ÞTypical Values of Restraint Functional Parameters

QDR-B-1000 SCOPE

This Appendix is an example of how to specify the func-
tional parameters required by Mandatory Appendix
QDR-I. The selection of applicable parameters and
values, either theones identifiedhereinorothers specified
as required, is at the option of the Owner.

QDR-B-2000 FUNCTIONAL PARAMETERS

QDR-B-2100 Hydraulic Snubbers

Typical examples of values for hydraulic snubber func-
tional parameters are as follows:

(a) activation level 4 inches perminute (IPM) to20 IPM
at 90% of rated load, tested at 65°F to 75°F

(b) release rate 0 IPM to 6 IPM at 5%, 10%, 25%, 50%,
and 100% of rated load and at Level C Service Load at test
temperature of 65°F to 75°F

(c) breakaway for less than 1 kip rated load, 5% max.;
for 1 kip and above, 3% max.; measured at 65°F to 75°F

(d) drag for less than1kip rated load, 5%max.; for1kip
and above, 3% max.; measured at no more than 2 IPM at
65°F to 75°F

(e) dead band (lostmotion) not to exceed 0.04 in. when
measured along the axis of restraint, excluding end
fittings, at 65°F to 75°F

(f) load rating, see QDR-4110(f)
(g) spring rate is the peak-to-peak displacement under

load, excluding end attachments, and not to exceed 0.125
in.; measured at 1∕4-, 1∕2-, and 3∕4 -stroke locations at a
temperature of 65°F to 75°F

(h) the stroke to be able to accommodate the thermal
and dynamic movements plus an additional 1 in. of travel
on each end (inclusive of installation tolerances)

(i) fluid loss ratenot to exceed thatwhichwould impact
the snubber functionality during the expected service life
of the component

QDR-B-2200 Mechanical Snubbers

Typical examples of values for mechanical snubber
functional parameters are as follows:

(a) Activation level of acceleration-limiting snubbers
not to exceed amaximum value of 0.02g; velocity-limiting
snubbers less than 5 kips not to exceed 66.6 IPM, for
greater than 5 kips not to exceed 40 IPM. For snubbers
with a release rate of zero, the unit shall lockwhen at least

10% of rated load is applied in 0.030 sec. Only a small
fraction of the rated load is normally required to activate
a restraint. Effects of temperature shall be noted as ap-
plicable.

(b) Release rate for a snubber that does not have an
active/passive mode should be within 25% of the theo-
retical performance curves at 5%, 10%, 25%, 50%, and
100% of rated load and at Level C Service Load measured
at 65°F to 75°F.Unless specifically designed, neither accel-
eration nor velocity-limiting snubbers should have a
release rate of zero.

(c) Breakaway/dragnot to exceed1%of the rated load,
measured at 65°F to 75°F.

(d) Drag for less than1kip rated load,5%max.; for1kip
and above, 3% max.; measured at no more than 2 IPM at
65°F to 75°F.

(e) Deadband (lostmotion) not to exceed0.04 in.when
measured in the direction of restraint, excluding end
fittings.

(f) For load rating, see QDR-4210(f).
(g) Spring rate is the peak-to-peak displacement under

load, excluding end attachments, not to exceed 0.125 in.
measured at 1∕4-, 1∕2-, and 3∕4 -stroke locations at a tempera-
ture of 65°F to 75°F.

(h) Stroke that is able to accommodate the thermal and
dynamic movements plus an additional 1∕2 in. of travel on
each end (inclusive of installation tolerances).

(i) Any lubrication degradation not to affect snubber
functionality for operating temperature ranges specified
for the application.

QDR-B-2300 Gap Restraints

Typical examples of values for gap restraint functional
parameters are as follows:

(a) for gap, see QDR-4310
(b) spring rate tolerances to be ±20% if no specific

value is given from the analysis of the piping system
(c) fatigue life of springs to be greater than the service

life of the component
(d) drag developed to be a maximum of 2% of rated

load of the device
(e) for load ratings, see QDR-4310(e)

QDR-B-2400 Viscoelastic Dampers

Typical examplesof values forviscoelasticdamper func-
tional parameters are as follows:
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(a) Limits for thedrag force associatedwithmoving the
piston with rated load applied under a range of specific
appliedvelocitiesat122°F (50°C) andat start-up tempera-
ture of 68°F (20°C). At design basis accident temperature,
the viscoelastic damper will act as a gap restraint and
should be qualified according to existing requirements
in Section QDR.

(b) Load ratings for applicable ASME Code Service
Levels for active dampers axes should be defined.

(c) Spring rate of the damper for rated load application
at representative impact or impulse loading rates.

(d) Resultant damper spring rate and damping at 68°F
(20°C) and 122°F (50°C).

(e) Spring rate of the damper for active degrees of
freedom at a different velocity of the piston applied as
a cyclic load at 0.1 Hz (effectively static load) and at incre-
mental rates of loading in the range specified in the Quali-
fication Specification.

(f) Restraint spring rate curves for different levels of
rated load with a cyclic rate of loading through the Quali-
fication Specification range for the load applied as a sine
beat wave.

(g) Damper spring rate curves, a representative stiff-
ness should be developed to define damper elastic stiff-
ness.

(h) Damper functional characteristics at accident
temperature 350°F (177°C) should be in accordance
with gap restraint qualification procedures.

(i) Damping resistance characteristics for cyclic load,
size, and temperature as required for stiffness evaluation.

QDR-B-3000 AGING AND SERVICE CONDITION
SIMULATION QUALIFICATION
PROGRAM

The qualification program should specify a steam
humidity simulation of 350°F (177°C) saturated steam
for 72 hr if the restraint service area is inside the contain-
ment. It should specify submergence in 200°F (93°C)
water for 72 hr if the restraint service is in a water en-
vironment.
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Section QP
Qualification of Active Pump Assemblies

QP-1000 SCOPE

Section QP contains the qualification requirements and
guidelines for active pumpassemblies that are required to
perform a nuclear safety-related function in nuclear facil-
ities (active pumps) or, alternatively, have been shown to
be risk significant based on an approved risk significance
categorization process. Pump assembly items may be
qualified as part of a single pump assembly or may be
qualified separately, provided their combination into a
single unit is addressed. It is the responsibility of the
Owner to specify those pump assemblies that require
qualification to this Section.
Pump assemblies andpump assembly itemsqualified in

accordance with this Section shall meet the requirements
of Section QR. When the requirements of Section QP
conflict with the requirements of Section QR, the require-
ments of Section QP take precedence.
Section QP is applicable to all pump types. Specifically,

pumps that operate on velocity or displacement princi-
ples, regardless of the arrangement, are included.
Shaft-sealing systems, drivers, power transmission
devices, and auxiliary equipment are included. Section
QP does not apply to electrical equipment, such as
motors, instruments, and control devices. Qualification
of the motor driver mechanical effects on the pump
assembly is included in Section QP.

QP-2000 PURPOSE

It is the purpose of Section QP to provide requirements
for the qualification of pumps. This includes the qualifica-
tion of mechanical drives, such as turbines, as well as the
interfacing effects of the motor driver.

QP-3000ð23Þ REFERENCES

The references are as listed in article QR-3000:

QP-4000 DEFINITIONS

The following definitions apply specifically to pump
assemblies and supplement the definitions listed in
Section QR. Other definitions pertinent to pumps are
contained in Mandatory Appendix QP-I. When there
are conflicting definitions between Sections QR and QP,
the definitions in Section QP take precedence with
regard to the application of Section QP.

auxiliary equipment: items necessary to support the
operation of the pump, shaft-seal system, driver, or
power transmission device, including any appurtenances
as defined in ASME Boiler and Pressure Vessel Code
(BPVC) Section III, NCA-1260.
best efficiency point: the hydraulic flow at which the pump
assembly achieves its highest efficiency, i.e., the reference
point for which the specific speed is calculated for simi-
litude comparisons.
component coolant: a fluid used as a heat removalmedium
and separated from the process fluid by a barrier.
injection fluid: a fluid injected into the seal area at a pres-
sure higher than the process fluid to lubricate and cool the
seal and, in some instances, to prevent leakage of process
fluid along the shaft.
motor driver: a class of machines that convert electrical
energy into rotary motion.
operating point(s): any hydraulic point at which the pump
is expected to operate, under the various operating condi-
tions of the facility. Multiple operating points may be
specified for a pump within the flow range from
minimum flow to the maximum runout condition.
power transmission device: an item that transmits the
rotary motion from the turbine or motor driver to the
pump.
process fluid: the fluid pumped.
pump: the basic component of the pump assembly that
transfers the process fluid.
pumpassembly: the pumpandgroupingof itemsneeded to
ensure the operation of the pump.
shaft seal: adevicedesigned to prevent or limit the leakage
of fluid between two surfaces of relative motion. This
includes mechanical end face seals and packing.
shaft-seal system: a system of shaft seals and directly asso-
ciated appurtenances as required that limits the process
fluid leakage to the atmosphere or low-pressure systems
and collects and directs the leakage.
turbine driver: a class ofmachines that convert energy in a
fluid stream to rotary motion.
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QP-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophy pertaining
to equ ipmen t qua l i f i c a t i on a re p rov ided in
article QR-5000 and apply to mechanical equipment in
general. Qualification requirements and service condi-
tions specific to the pump assembly or pump assembly
items are contained in articles QP-6000 through
QP-8000. A specification for the pump(s) that are to be
qualified is required per Mandatory Appendix QP-I.

QP-6000 QUALIFICATION SPECIFICATION

QP-6100 Responsibility

It is the responsibility of the Owner or the Owner’s
designee to identify the functional requirements for a
pump assembly. These requirements shall be provided
in a Qualification Specification prepared in accordance
with Mandatory Appendix QP-I.
The manufacturer has the option to qualify the pump

assembly for more stringent parameters than provided in
the Qualification Specification, but shall ensure that the
parameters to which the pump assembly is qualified
envelop those in the Qualification Specification.
The Qualification Specification shall be certified by one

or more Certifying Engineers in accordance with the re-
quirements of QR-8610.

QP-6200 Equipment Description and Boundary

The Qualification Specification shall identify those
items that are part of the pump assembly. The Qualifica-
tion Specification shall also define the interfaces between
the pump assembly and external attachments and
supports. When pump assembly items are qualified sepa-
rately, the Qualification Specification shall also define
interfaces between the pump and driver, shaft-seal
system, power transmission device, and auxiliary equip-
ment.

QP-6210 Pump Assembly/Pump. The pump assembly
includes the pump and its shaft-seal system, driver, trans-
mission device, and auxiliary equipment.
The pump pressure boundary is defined in ASME BPVC

Section III. The pump includes items that
(a) contain the process fluid, such as the casing or

barrel, including nozzles, thermal barrier, and closure
members

(b) propel the process fluid, such as the impeller
(c) are an integral part of the pump, such as the diffuser

or bowl, including the pump shaft, pump bearings, and
bearing supports

(d) are auxiliary equipment

QP-6220 Shaft-Seal System. The shaft-seal system
includes the seal assembly, seal system piping, seal
water cooling, filtering devices, and auxiliary equipment.

QP-6230 Turbine Driver. The turbine driver includes
the casing, shaft, blades, wheel, jets, governor, stop valves,
shaft seals, bearings, and auxiliary equipment.

QP-6240 Power Transmission Device. Power trans-
mission devices include shaft couplings, belt drives,
fluid drives, gear drives, and auxiliary equipment.

QP-6250 Auxiliary Equipment. Examples of auxiliary
equipment are cooling water systems, lubricating
systems, control valves, instrumentation, and external
supports, which are supplied as part of the pump
assembly.

QP-6260 Pump Stand. The pump stand is the support
structure for the pump assembly, driver (electric or
turbine), and power transmission device.

QP-6300 Margins

The required margin for acceptance criteria listed in
Mandatory Appendix QP-I shall be specified.

QP-6400 Aging

The effects of the identified aging mechanisms shall be
assessed and shown to be acceptable during the qualifica-
tion process. Nonmandatory Appendix QR-B provides
supplementary details associated with the qualification
of nonmetallic parts.

QP-6500 Acceptance Criteria

The required acceptance criteria shall be specified in
accordance with the requirements of QR-6000(h) and
Mandatory Appendix QP-I.

QP-7000 QUALIFICATION PROGRAM

QP-7100 General Requirements

A Qualification Plan shall be prepared to translate the
Qualification Specification into a step-by-step qualifica-
tion program. The Qualification Plan shall also clearly
describe how to demonstrate that the pump assembly
will perform its safety function under all operating condi-
tions identified in the Qualification Specification over the
full range of operating conditions from normal operation
up to and including design-basis accident conditions with
specified fluid conditions. The range of operating condi-
tions shall be clearly described in the specification.
NOTE: If the full range of operating conditions [such as tempera-
ture, pressure, flow rate, and net positive suction head (NPSH)]
cannot be achieved in the test facility, then the Qualification Plan
shall provide justification that the test conditions demonstrate
qualification of the pump assembly to perform its intended func-
tion over the full range of operating conditions.

Individual items that form the pump assembly, as deli-
neated inQP-6200,maybeexcluded fromthequalification
process if it can be shown that their malfunctions have no
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effect on the pump assembly’s specified function. For
example, when the pumping function is not a requirement
but thepressure retention function is,motive power to the
pump need not be qualified, but the shaft-sealing system
shall be qualified.
An Application Report, as described in QP-8320, shall

provide documentation and additional requirements as
necessary to ensure that each of the production pump
assemblies is qualified for the application specified in
the Qualification Specification required by article
QP-6000.
The qualification program, as described in the Qualifi-

cation Plan, shall account for dimensional variations of
critical clearances of essential-to-function parts.
Any analytical techniques applied in the qualification of

pump assemblies require verification to ensure that the
analysis techniques are valid for the variations of the
design being qualified. This qualification program shall
demonstrate that the performance of pump assemblies,
predicted by these analytical techniques, is applicable
to all allowable variations of the pump clearances
being qualified for the flow conditions specified by the
pump Qualification Specification. The qualification
programshall demonstrate that the design-limiting allow-
able variation in the critical clearances between essential-
to-function parts during the manufacturing phase shall
not render a pump assembly incapable of consistent
performance for those conditions for which the pump
assembly is to be qualified.
Section QP provides for qualification of a pump

assembly by a combination of testing and analysis (see
QR-7310 and QR-7320). The functional qualification of
a qualified pump assembly may be extended to
another pump assembly through limited testing and
demonstration of design similarity (see QR-7340). This
extension of qualification is based on the condition
that both pump assemblies use the same design
concept and that critical dimensional clearances aremain-
tained. Diagnostic testing (such as vibration measure-
ments for displacement, velocity, or acceleration) shall
be performed during the qualification testing covered
by this Standard.

QP-7200 Identification of Potential Malfunctions

Potential malfunctions shall be identified in accordance
with the requirements of QR-7200. Examples of potential
malfunctions in pump assemblies that shall be reviewed
include loss of rated flow/head, rotating element seizure,
rotating element clearance/drag/leakage, and clogging,
wear, seal failure, or adverse performance from worst-
case postulated debris in the process fluid flow for
which the pump is to be qualified. The effects of wear
of critical components shall be part of this review.

QP-7300 Functional Qualification

Methods forqualificationofpumpassembliesandpump
assembly items shall be in accordance with the require-
ments of QR-7300. Analysismay be used as part of a quali-
fication method, provided that sufficient test verification
exists to justify the analysis used over the qualification
conditions involved. Nonmandatory Appendix QP-D
may be used for the analysis of similarity between
pump assemblies.

QP-7310 Pump. Pump qualification shall consider
significant hydraulic and mechanical design factors
that can degrade and impact the ability of the pump to
perform its specified function. In addition to aging
effects, qualification techniques shall address and incor-
porate, as necessary, the impact of periodic testing, main-
tenance, overhaul, and replacement of essential parts of
the pump assembly. The qualification method shall iden-
tify the service conditions for which the pump is being
qualified as described in (b).

(a) The pump qualification program shall include the
following:

(1) testing over the full range of normal and design-
basis event (DBE) operating points for hydraulic perfor-
mance, leak tightness, and structural integrity, including
anticipated system fluid conditions, low-suction head,
recirculation cavitation at low flow or recirculation
mode, and elevated water temperature.

(2) the test assembly with the pump, its auxiliary
equipment, and the baseplate (if one is provided).

(3) visual and dimensional inspections at appro-
priate intervals to identify excessive wear or degradation
of pump assembly parts.

(b) Service aspects that shall be considered in formu-
lating a qualification program are

(1) pump functional conditions {such as flow capac-
ities, developed head requirements, suction head
provided [NPSH available (NPSHA) and its uncertainties],
system fluid conditions including transients, operating
time, and operating frequency anticipated over the life
of the facility}. Functional conditions shall include peri-
odic inservice testing (IST) and anticipated inoperative
periods.

(2) system fluid conditions with the full range of
potential debris as described in QP-7370.

(3) environmental conditions.
(4) starting requirements.
(5) normal operating loads.
(6) externally applied loads (such as seismic, nozzle,

and end loads).
(7) bearings and couplings.
(8) aging of nonmetallic materials (Nonmandatory

Appendix QR-B may be used to identify supplementary
details associated with the qualification of nonmetallic
parts).
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(9) maintaining design life (such as maintenance,
overhaul, and replacement).

QP-7320 Shaft-Seal System. For qualification of the
shaft-seal system, a plan shall be prepared with appro-
priate inspection and test records to define test objectives,
test fluids, conditions of the test, permissiblemaintenance
or adjustments, and acceptance criteria. A shaft-seal
system test facility shall be used that provides rotation,
appropriate means for pressurization, fluid thermal
control, and seal leakage measurement. Prior to the
start of a test sequence, all system conditions shall be
recorded as applicable to the test shaft-seal assembly
and test installation according to the plan. Test data
shall include face surface finish and flatness, face loads
at installation length, shaft-seal system leakage, tempera-
ture, pressure, and seal face power requirements. The test
fluid shall include the range of potential debris as noted in
QP-7370. Testing sequences shall include all service
conditions. A shaft-seal system may not be functionally
qualified by analysis alone. However, analysis may be
used to extend previous testing to the specified design
service conditions, provided the analytical techniques
have been validated through comparison with measured
performance of a comparable shaft-seal system. Types of
permitted analysis include heat generation and removal,
mechanical stress, thermal stress, wear rate, interface
velocity, axialmovement, radialmovement, angularmove-
ment, torsional deflection, and natural frequency.
Environmental and aging effects on the materials of

construction shall encompass the process and environ-
mental effects on the material properties. The environ-
mental qualification program shall include nonmetallic
components, such as O-rings and the rotating and
stationary seals of the mechanical seal that may
contain nonmetallic materials.
Nonmandatory Appendix QP-E provides guidelines for

shaft-seal systemmaterial and design considerationwhen
qualifying the shaft-seal system.
The manufacturer shall demonstrate the adequacy of

the shaft-seal system in either or both of the following
ways:

(a) by supplying documentation as specified in
QP-8200 that the proposed system was qualified
through a comprehensive testing program. The testing
program shall have included full-scale tests over the
full range of operating conditions from normal operation
up to and including design-basis accident conditions. The
documentation shall include a detailed description of the
tests, analysis, test equipment, and actual test results.

(b) by providing documentation justifying the extrapo-
lation of qualification to similar shaft-seal systems and
their applications through testing or a combination of
testing and analysis.
The test information used to justify extrapolation of the

shaft-seal systemqualification shall include full-scale tests
over the full range of operating conditions from normal

operationup to and includingdesign-basis accident condi-
tions. The documentation as specified in QP-8200 shall
include a detailed description of tests, analysis, test equip-
ment, and actual test results.

QP-7330 Turbine Driver. Turbine driver qualification
shall address significant hydraulic and mechanical design
factors that can degrade and impact the ability of the
turbine driver to perform its specified function. In addi-
tion to aging effects, qualification techniques shall address
and incorporate, as necessary, the impact of periodic
testing,maintenance, overhaul, and replacement of essen-
tial parts of the turbine driver. The qualification method
shall identify the service conditions for which the turbine
driver is being qualified as described in (b).

(a) The turbine driver qualification program shall
include the following:

(1) testing over the full rangeof operating conditions
from normal operation up to and including design-basis
accident conditions for steamperformance, leak tightness,
and structural integrity.

(2) the test assembly with the turbine and its
auxiliary equipment.

(3) visual and dimensional inspections at appro-
priate intervals to identify excessive wear or degradation
of turbine parts.

(4) loading and vibration of bearings and couplings.
(b) Service aspects addressed in formulating a test

qualification program shall include
(1) turbine functional conditions (such as turbine

horsepower/speed including transients, operating time,
and operating frequency anticipated over the life of
the facility).
NOTE: Functional conditions shall include periodic inservice
testing and anticipated inoperative periods.

(2) environmental conditions.
(3) starting requirements.
(4) normal operating loads.
(5) externally applied loads (such as seismic and

nozzle loads).
(6) bearing performance, including acceptable dis-

placement during normal operation and design-basis
events with normal and upset piping loads, acceptable
time period for bearing performance with abnormal dis-
placement, and acceptable nonmetallics used in bearings.

(7) coupling performance, including acceptable dis-
placement during normal operation and design-basis
events with normal and upset piping loads, acceptable
time period for coupling performance with abnormal dis-
placement, andacceptable nonmetallics used in couplings.

(8) aging of nonmetallic materials (Nonmandatory
Appendix QR-B provides supplementary details asso-
ciated with the qualification of nonmetallic parts).

(9) maintaining design life (such as maintenance,
overhaul, and replacement).
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(c) Any electrical controls associated with the turbine
shall be qualified in accordance with the requirements of
IEEEStd 323and IEEEStd344. Qualificationof anymotor-
operated control or block valve actuators in the steam
supply systems shall be in accordance with the require-
ments of Section QV and IEEE Std 382, as applicable.

(d) In cases where the pump is to be qualified sepa-
rately from the driver, the qualification shall address
the required mounting rigidity such that the required
maximum misalignment at the coupling is specified at
the rotational speeds forwhich the assembly is to be qual-
ified. This misalignment may be verified by calculation or
test. The maximummisalignment versus rotational speed
shall be documented such that the maximum allowable
pump-to-driver alignment will not be exceeded for the
range of load and environmental conditions for which
the pump assembly is being qualified.

QP-7340 Power Transmission Device

(a) Power transmission device qualification shall
address significant hydraulic and mechanical design
factors that can degrade and impact the ability of the
device to perform its specified function. Qualification
shall address the full range of speed and horsepower re-
quirements. In addition to aging effects, qualification tech-
niques shall address and incorporate, as necessary, the
impact of periodic testing, maintenance, overhaul, and re-
placement of essential parts of the power transmission
device.
The qualification program shall include the following:

(1) The power transmission device shall be tested at
the design conditions of speed and horsepower (torque)
over the full range of operating conditions from normal
operationup to and includingdesign-basis accident condi-
tions for both mechanical performance and structural
integrity.

(2) Visual and dimensional inspections shall be
performed at appropriate intervals to identify excessive
wear or degradation.

(3) Maximum allowed static misalignment shall be
determined for installation and maintenance guidelines.

(b) Service aspects addressed in formulating a test
qualification program shall include

(1) power transmission device functional conditions
(speed, horsepower, operating time, and operating
frequency anticipated over the life of the facility). Func-
tional conditions include periodic inservice testing and
anticipated inoperative periods.

(2) environmental conditions.
(3) starting requirements.
(4) normal operating loads.
(5) externally applied loads (such as seismic and end

loads).
(6) aging of nonmetallic materials (Nonmandatory

Appendix QR-B provides supplementary details asso-
ciated with the qualification of nonmetallic parts).

(7) maintaining design life (such as maintenance,
overhaul, and replacement).

(c) Any electrical controls associated with speed-chan-
ging devices shall be qualified in accordance with the re-
quirements of IEEE Std 323 and IEEE Std 344.

QP-7350 Auxiliary Equipment.When auxiliary equip-
ment is qualified separately from the pump assembly,
pump, shaft-seal system, driver, and transmission
device, its qualification shall address significant hydraulic
and mechanical design factors that can degrade and
impact performance of the specified function. The
approach to qualification shall identify the service condi-
tions and interfaces with pump assembly items.

QP-7360 PumpStand.Thepumpstanddeflectionsdue
to thermal expansion, dynamic and/or seismic effects, and
pipe end loading shall be considered in the qualification of
the power transmission device (see QP-7340). Care shall
be taken to avoid a natural frequency of the pump stand
near the driver rotational speed in revolutions perminute
(rpm).

QP-7370 Qualification for Ingestion of Air and/or
Debris. The pump assembly, including the sealing
system as applicable, shall be qualified to accommodate
postulated debris ingestion as specified by the Owner in
the procurement/Qualification Specifications. The quali-
fication shall consider the full range of potential debris
including post-LOCA debris constituents (such as mate-
rial, quantity, size, density, abrasiveness, and concentra-
tion in fluid); pump capability over the full mission time;
verification that debris distribution size during testing is
consistent with debris size in the procurement/Qualifica-
tion Specifications; basis and justification for use of any
surrogate debris used as a substitute for material in the
specification; and capability of filters in the pump
assembly or associated components to perform their
intended function without clogging or otherwise
causing adverse pump performance.
The Owner shall specify qualification requirements for

air/gas ingestion in the procurement/Qualification Speci-
fications.
The following are qualification methods for addressing

the effect of debris on the pump and its sealing system:
(a) When the system is designed for specific debris

loading, the Owner shall specify the designed debris
load in the procurement/Qualification Specifications.
NOTE: In this case, the pump and/or shaft-seal system shall be
qualified by test or a combination of test and analysis for the
designed debris load such that the pump and/or shaft-seal
system will perform its safety function.

(b) The maximum debris load that can be accommo-
dated by the pump and/or shaft-seal system shall be qual-
ified by test or a combination of test and analysis such that
the pump and shaft-seal system will perform its safety
function. This information shall be supplied to the
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Owner, who designs the system such that the character-
istics of themaximumdebris size and constitutents cannot
be exceeded. Documentation supplied to the Owner shall
specify debris constitutents used for qualification (such as
material, quantity, size, density, abrasiveness, andconcen-
tration in fluid) andany limiting conditions of operation as
a result of the debris load.
For both qualificationmethods described in (a) and (b),

credit taken for debris separation or filtration from seal or
bearing flushing flow shall be corroborated by testing.

QP-7400 Environmental and Aging
Considerations

Pump assemblies and pump assembly items shall be
qualified in accordance with QR-7311 or QR-7321. Envir-
onmental qualification of pump assemblies and pump
assembly items shall be performed in accordance with
IEEE Std 323. Nonmandatory Appendix QR-B provides
supplementary details associated with the qualification
of nonmetallic parts.

QP-7500 Dynamic/Seismic Loading

(a) Pump assemblies and pump assembly items shall
be qualified in accordance with QR-7312 or QR-7322.
Nonmandatory Appendix QR-A provides supplementary
details associated with the dynamic qualification of
mechanical equipment. The qualification shall consider
if the pump is operating during the dynamic event, if
so specified.

(b) Qualification for seismic and/or dynamic loads
shall demonstrate the ability of a pump assembly to with-
stand a loading that is representative of the specified
seismic load qualification level.

(c) Seismic qualification of pump assemblies shall be in
accordancewith IEEEStd344orNonmandatoryAppendix
QR-A.

(d) All essential-to-function accessories shall be
attached to the pump assembly. The essential-to-function
accessories that have not been previously qualified in
accordance with IEEE Std 344 as part of the pump
assembly shall be seismically qualified in accordance
with IEEE Std 344 or Nonmandatory Appendix QR-A.

(e) The determination of the allowable static misalign-
ment of the power transmission device shall consider the
impact of the seismic and/or dynamic loading.

QP-7600 Nozzle Loading

The pump assembly shall be qualified to accommodate
postulated end loading. End-loading qualification may be
justified by analysis, if the intended application for the
pump does not impose significant end-load reactions.
There are several methods for addressing end loading
on the pump or on its driver (in the case of a turbine
driver).

(a) The maximum load (forces and moments) that can
be placed on the pump/turbine case such that operation is
not adversely affected may be qualified analytically. In
turn, this load shall be supplied to the piping system
designer, who shall design the system such that the
load cannot be exceeded.

(b) Themaximum load that canbeplacedon thepump/
turbine such that operation is not adversely affected may
be qualified by test. In turn, this load shall be supplied to
the piping system designer, who shall design the system
such that the load cannot be exceeded.

(c) The maximum stress intensity in the attached
piping at the pipe-to-piping/turbine junction resulting
from the combination of the primary or local membrane
stress (PM or PL) plus the bending stress (Pb) plus the
expansion stress (Pe) shall be limited to a value of (Gb/
Fb) × Sy with Gb and Fb as defined below. That is,

+ + ×P P P P G F S( or ) ( / )M L b e b b y

where
Fb = bending modulus of the connecting pipe
Gb = pump assembly body section modulus at the

crotch region
Pb = bending stress
Pe = expansion stress
PL = local primary membrane stress
PM = primary membrane stress
Sy = yield strength

If Gb is unknown, then (Gb/Fb) may be taken as 1.
The determination of the maximum stress intensity

shall be based on the highest combination of concurrent
loads considering all concurrent loads defined in the
Qualification Specification. The value of Sy shall be
taken at the highest metal temperature of the attached
piping for the concurrent load combination under consid-
eration.

QP-7700 Extrapolation of Qualification of Pump
Functional Capability

The extrapolation of the qualification of the functional
capability of a qualified pump assembly to another pump
assembly shall be justified using a combination of analy-
tical comparison of physical attributes and diagnostic test
data. Nonmandatory Appendix QP-D may be used for
considerations of the similarity of pumps when extrapo-
lating the qualification of a pump assembly to another
pump assembly.

QP-7800 Demonstration of Functional Capability
of Production Pump Assemblies

The functional capability of the production pump
assembly shall be demonstrated by verification of the
physical attributes, application, and diagnostic test
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data of the production pump assembly to its qualified
pump assembly.

QP-7900 Postinstallation Verification and IST
Baseline

After the pump has been installed in the facility, the
pump shall be operated under representative fluid
flow conditions as necessary to collect diagnostic data
for use in future performance monitoring and to verify
that the pump is performing as it was specified. The
pump needs to be testable as required by the ASME
OM Code. The requirements of this subarticle are the
responsibility of the Owner.

QP-8000 DOCUMENTATION

QP-8100 Documentation Scope

(a) Qualification documentation is intended to verify
that each pump assembly in a nuclear facility application
is qualified to perform its designated function when used
for its intended service. Qualification is substantiated by
showing and explaining the relationship between the
service requirements and the testing and analysis that
are conducted as part of the qualification program.

(b) A Qualification Plan, as described in QP-8200, is
required to translate the Qualification Specification
into a step-by-step qualification program and the
testing andanalysis that are conductedaspart of thequali-
fication program.

(c) A Qualification Report, as described in QP-8310, is
required to document compliance of the qualified pump
assembly and its production pump assemblies with
Section QP.

(d) An Application Report, as described in QP-8320, is
required todocument the suitability of anyqualifiedpump
assembly and its production pump assemblies for a spe-
cific nuclear facility application.

QP-8200 Qualification Plan

AQualification Plan, whichmay be part of the Qualifica-
tionReport, shall bepreparedwithappropriate inspection
and test records to define test objectives, test fluids, extra-
polation parameters, test instrumentation, conditions of
the test, orientation, permissible maintenance or adjust-
ments, and acceptance criteria. The Plan shall also specify
the activities to ensure that production pump assemblies
will perform consistent with their applicable qualified
pump assembly.

QP-8300 Reports
QP-8310ð23Þ Qualification Report

(a) A Qualification Report shall be prepared for each
pump assembly qua l i f i ed in accordance with
Section QP directly or by extrapolation. This Qualification

Report shall provide complete identification of the pump
by type, size, and other data as appropriate, including the
Qualification Plan, test results, extrapolation parameters
and justification, and inspection data. The Qualification
Report shall also contain a summary of the parameters
established by the functional qualification testing and
analysis for both the qualified pump assembly and its
production pump assemblies. Any specific limitations
that restrict qualification shall be stated.

(b) When prequalified components of the pump
assembly are used as part of the pump assembly qualifica-
tion, the Qualification Report shall reference the reports
on which such prequalification is based. In addition, it
must be shown that the mounting and integration of
this prequalified component on the pump assembly do
not degrade or otherwise interfere with the prequalifica-
tion of the component.

(c) Each Qualification Report shall be certified by one
or more Certifying Engineers in accordance with the re-
quirements of QR-8620.

QP-8320 ð23ÞApplication Report

(a) An Application Report is required to demonstrate
thesuitabilityof anyqualifiedpumpassemblyand its asso-
ciated production pump assemblies to meet the require-
ments of a specific application. An Application Report is
required foreachserial-numberedpumpassembly, except
that pump assemblies whose construction and service
conditions are identical, differing only in serial
numbers and tag numbers, may be combined into one
Application Report.

(b) The Application Report shall reference the appro-
priate Qualification Report and shall further show how
each of the specific application requirements of the Quali-
fication Specification is appropriately addressed by the
QualificationReport orother tests andanalysis as outlined
in Section QP.

(c) When prequalified parts of the pump assembly are
used aspart of thepumpassembly qualification, theAppli-
cation Report shall reference the reports on which such
prequalification is based. In addition, it must be shown
that the mounting and integration of this prequalified
part on the pump assembly do not degrade or otherwise
interfere with the prequalification of the part.

(d) The Application Report shall contain the following,
as applicable:

(1) Serial number, tag number, or other unique iden-
tification of the pump assembly.

(2) Complete description of the pump assembly
construction configuration, including an assembly
drawing. This description shall include a complete iden-
tification of the pump by type and size.

(3) Asummaryof the functional parameters andhow
they are met by the pump assembly.

(4) Reference to the Qualification Reports on which
qualification is based.
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(5) All test results and analyses used to show that the
pump assembly satisfies the requirements of Section QP
for the specific application.

(6) Reference to the Qualification Reports for all
prequalified components used in (c).

(7) Any specific limitations that restrict application.
(8) Additional information as necessary to support

the demonstration of functional capability for the quali-
fied pump assembly and its production pump assemblies.

(9) Special installation requirements and mainte-
nance required to maintain qualification.

(10) Dimension ofmechanical fits and clearances for
the pump assembly.

(11) Shaft-seal assembly drawing with appropriate
bill ofmaterials, service conditions, andprecautionsnoted
that would preclude malfunction.

(12) Dimension of mechanical fits and clearances of
the turbine driver.
NOTE: The documentation for the turbine driver shall also be as
specified in IEEE Std 323 and IEEE Std 344 where these Stan-
dards are invoked.

(13) Dimensions ofmechanical fits and clearances of
thepower transmissiondevice.Thedocumentation for the
power transmission device shall also be as specified in
IEEE Std 323 and IEEE Std 344 where these Standards
are invoked. The allowable static misalignment of the
power transmission device shall be documented.

(14) Dimension ofmechanical fits and clearances for
auxiliary equipment.

(e) Each Application Report shall be certified by one or
moreCertifying Engineers in accordancewith the require-
ments of QR-8640.
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Mandatory Appendix QP-I
Qualification Specification for Active Pump Assemblies

QP-I-1000 SCOPE

This Appendix establishes requirements for a Qualifi-
cation Specification for active pump assemblies as
required by articles QR-6000 and QP-6000.

QP-I-2000 PURPOSE

(a) This Appendix provides details of functional re-
quirements that supplement piping and pump codes
and standards applicable to active pump assemblies.

(b) The information requested in thisAppendix shall be
provided as part of the Design Specification or as a sepa-
rate document.

(c) Compliancewith the requirements of this Appendix
is intended to ensure that the operating conditions and
safety functions of the pump assembly have been
adequately addressed and defined by the Owner as nec-
essary for thepumpassembly tobequalified toSectionQP.

(d) The Functional Specification shall ensure that the
Owner has provided the qualification parameters for the
activepumpassembly to themanufacturerorqualification
facility.

(e) The Owner shall identify any qualification param-
eters (such as operating conditions, safety functions,
testing requirements, or acceptance criteria) in the Quali-
fication Specification that are not listed in this Appendix.

QP-I-3000 REFERENCES

References are as listed in articles QP-3000 and
QR-3000.

QP-I-4000 DEFINITIONS

Definitions are as listed in article QP-4000.

QP-I-5000 QUALIFICATION SPECIFICATION
CONTENTS

The Qualification Specification shall identify the
following, as applicable.

QP-I-5100 Pump Assemblies

(a) The Qualification Specification shall identify those
items that are part of the pump assembly.

(b) The Qualification Specification shall also define the
interfaces between the pump assembly and external
attachments and supports.

(c) When pump assembly items are qualified sepa-
rately, the Qualification Specification shall also define
interfaces between the pump and driver, shaft-seal
system, power transmission device, and auxiliary equip-
ment.

QP-I-5110 Service Conditions

(a) Service conditions defining the application of the
pump assembly shall be specified.

(b) Service conditions consist of all operating condi-
tions, including the seismic and environmental conditions
towhich the pump assemblywill be subjected, and the full
range of fluid flow, differential pressure, electrical condi-
tions, and temperatureconditionswithdebris-laden fluids
for which the pump assembly shall have functional
capability tooperateup to and includingdesign-basis acci-
dent conditions.

QP-I-5120 Environmental Conditions

(a) Environmental conditions in which the pump is to
be operated, as well as conditions where the pump shall
remain leak tight but need not operate, shall be specified.

(b) In cases where pump leakage is permitted, the
maximum leak rate shall be specified.

(c) The Qualification Specification shall require that
significant aging mechanisms along with components
and/or materials subject to aging be identified.

QP-I-5130 Design and Construction Characteristics.
The following characteristics shall be identifiedwhere ap-
plicable:

(a) pump type
(b) design life
(c) functional, operating, environmental, and service

conditions under which the pump operates
(d) operationalmodes, including time limit for recircu-

lating flow testing
(e) fluid pumped, specific gravity at given tempera-

tures
(f) design pressure
(g) design temperature
(h) rated flow, maximum required flow (runout flow)
(i) head at rated flow, maximum required flow, and

shutoff conditions
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(j) suction temperature: minimum, normal, and
maximum

(k) suction pressure: maximum and normal
(l) net positive suction head available (NPSHA) under

the full range of service conditions (including fluid flow,
temperature, and air and debris content)

(m) ambient temperature, humidity, and radiation
(n) water chemical content (pump and/or seal cooling

water)
(o) minimum operating flow limitations
(p) use of mechanical seals and type of seal cooler, if

applicable
(q) flow restrictor from seal cavity, if applicable
(r) vent and drain from pump casing and types of

connections
(s) type of pump nozzle connections and details
(t) connection requirements to other ancillary piping
(u) support and anchorage requirements and config-

uration
(v) cooling water piping Code requirements
(w) maximum input driver horsepower for diesel

generator loading
(x) cooling water: minimum and maximum tempera-

tures, pressure, and maximum pressure drop
(y) entrained material for which the pump is designed,

such as dirt, debris, insulation, molten fuel, diesel oil, and
fish, under normal and abnormal service conditions

(z) separation of running frequency from shaft natural
frequency and pump assembly torsional natural
frequency

(aa) start-up and operating time
(bb) coupling: flexibility, alignment, service life,

bearing load, balance
(cc) specific location at nuclear facility (inside or

outside containment)
(dd) recirculation flow rate shutoff head
(ee) NPSHrequired (NPSHR) for pumpassembly under

the full range of service conditions
(ff) uncertainties in the qualification process
(gg) filter size and performance requirements
(hh) service and environmental conditions for qualifi-

cation of nonmetallic parts

QP-I-5140 Description of Interface Attachments and
Loads. The location, nature, and magnitude of externally
applied loads and structural characteristics for interface
attachments shall be specified.

QP-I-5150 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The
following requirements shall be specified:

(a) requirements for dynamic analysis or testing
(b) designation of loads, load combinations, and

related Code service conditions
(c) demonstration of operability by analysis or test

under all applicable loading conditions

(d) seismic loading [operating basis earthquake (OBE)
and safe shutdown earthquake (SSE)]

(e) stress limits
(f) seismic and/or dynamic design criteria
(g) minimum acceptable force and moment carrying

capability of the pumpnozzles, casing, and support attach-
ments

(h) seismic acceleration, both horizonal (two ortho-
gonal directions) and vertical

(i) delineation of whether the pump needs to operate
during the dynamic loading

(j) nozzle loading
(k) environmental qualification requirements and

acceptance criteria

QP-I-5160 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specific material requirements
(b) specific manufacturing requirements

QP-I-5170 Acceptance Criteria

(a) The Qualification Specification shall indicate the
performance required from the pump assembly/pump
during specified service conditions.

(b) Acceptance criteria shall be specified for
(1) capacity (flow)
(2) total developed head (or pressure)
(3) NPSHR including its range of uncertainties as

discussed in (d)
(4) start-up and operating time based on facility

conditions
(5) transients such as thermal or pressure
(6) priming time
(7) process fluid conditions
(8) environmental parameters and aging
(9) minimum flow rates and associated time limita-

tions
(10) vibration limits
(11) fluid filter performance
(12) air ingestion capability
(13) debris and solids ingestion capability
(14) seismic and dynamic loading application
(15) end-loading application
(16) interface acceptability forpumpassembly items

qualified separately
(17) operation time and flow rates when pump is in

recirculation mode
(18) degraded motor voltage conditions

(c) Instrument accuracy for pressure, flow rate, speed,
vibration, and differential pressure acceptance criteria
shall not be less than that prescribed in ASME OM Code.

(d) The uncertainties of NPSHR must be addressed in
the Qualification Specification. These uncertainties
include the following:

(1) NPSHR variation with changes in pump speed
caused by motor slip
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(2) NPSHR decrease with increasing water tempera-
ture

(3) NPSHR effects resulting from differences
between qualified test suction piping and as-installed
suction piping

(4) NPSHRvariation resulting fromdifferences in air
content of water between qualification test and field
conditions

(5) NPSHR effects from wear ring leakage

QP-I-5180 Testing Requirements. The following re-
quirements shall be specified:

(a) shop performance test and measurements to be
taken, including capacity, total head, power input, effi-
ciency, NPSHR, and their applicable ranges; recirculation
flowrateat shutoff head; andvibrationat thebearingoron
the shaft

(b) prequalification transient test requirements and
acceptance criteria

QP-I-5190 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation requirements
(b) requirement formanufacturer’s provision of values

of maximum allowable forces and moments
(c) operational limits for pump recirculation or opera-

tion without cooling water
(d) requirement formanufacturer’s provisionof values

for minimum flow capability and time limitations
(e) requirements for manufacturer’s provision of

bolting material, torque values, and washer configuration
(f) quantified acceptable limits for wear of bearings to

establish minimum service life

QP-I-5200 Pump Shaft-Seal System

QP-I-5210 Design and Construction Requirements.
The following requirements shall be specified:

(a) type of seal or seal system to be provided
(b) design life

(1) static
(2) dynamic

(c) post-design-basis event design life
(1) number of cycles
(2) duration of cycles

(d) conditions at seal cavity
(1) fluid pumped, specific gravity at given tempera-

ture
(2) design pressures
(3) design temperature
(4) thermal and pressure transient (rate, range,

direction)
(5) thermal and pressure transient duration

(minutes)
(6) allowable leakage
(7) radiation
(8) shaft speed

(9) maximum entrained material size under normal
and abnormal service conditions

(e) component coolant conditions
(1) pressure
(2) temperature
(3) flow rate
(4) chemistry
(5) pressure drop

(f) availability of seal injection, including the quantity,
temperature, chemistry, and solids particle size

(g) possible inaccessibility of pump during operation
that restricts opportunities for visual inspection and
preventive maintenance to the seal system

(h) the need for assembly andmaintenance features to
limit personnel exposure time in radiation fields

(i) shaft direction or rotation as viewed from the drive
end

(j) specific location at facility site (inside or outside
containment)

(k) effect of wear, abrasion, and blockage due to
entrainedmaterial (includes debris and chemical precipi-
tants)

(l) service and environmental conditions for the quali-
fication of nonmetallic parts

QP-I-5220 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The
following requirements shall be specified:

(a) structural qualification requirements and accep-
tance criteria

(b) seismic and dynamic qualification requirements
and acceptance criteria

(c) environmental qualification requirements and
acceptance criteria

QP-I-5230 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specific material requirements
(b) specific manufacturing requirements

QP-I-5240 Acceptance Criteria

(a) The Qualification Specification shall specify the
performance required from the shaft-seal system
during specified service conditions.

(b) Acceptance criteria shall be specified for the
following:

(1) flow rate of coolant through cooling jacket or seal
cavity

(2) start-up and running torque requirements
(3) seal leakage rates under static anddynamic oper-

ating conditions
(4) maximum leakage rates under complete seal

failure
(5) operationwith entrainedmaterial (including any

chemical precipitates)
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QP-I-5250 TestingRequirements. Specify the require-
ment that thepumpshaft-seal systemdemonstrates that it
will provide acceptable sealing and seal injection, as ap-
plicable, over the full range of service.

QP-I-5260 Documentation, Instructions, and Limita-
tions. The following documentation shall be specified:

(a) documentation requirements
(b) requirements for manufacturer’s provision of

bolting material, torque values, and washer configuration

QP-I-5300 Pump Turbine Driver
QP-I-5310 Design and Construction Requirements

(a) required design life of major components (noncon-
sumables)

(b) functional, operating, environmental, and design
conditions under which the turbine must operate

(1) design pressures and temperatures (maximum,
normal, and minimum) for inlet and exhaust

(2) operating pressures and temperatures
(maximum, normal, and minimum) for inlet and exhaust

(3) operating conditions (such as brake horsepower
and revolutions per minute) at corresponding design/
operating conditions

(4) ambient temperature, pressure, humidity, and
radiation

(5) maximum horsepower
(6) cooling water: minimum, normal, and maximum

temperatures and pressures
(7) process fluid analysis (such as chlorides)

(c) operational modes, including operating and design
process fluid conditions, and duration and frequency of
operation

(d) interface requirements (such as control system,
utilities available, and flanged connections)

(e) shaft vibration limits
(f) specific location at facility site (inside or outside

containment)

QP-I-5320 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements

(a) seismic and dynamic qualification requirements
(specification shall include definition of seismic environ-
ment) and acceptance criteria

(b) environmental qualification requirements and
acceptance criteria

(c) additional applicable design qualification require-
ments (i.e., pressure vessel analysis)

QP-I-5330 Materials and Manufacturing Require-
ments. Specify any material requirements that differ
from the manufacturer’s standards.

QP-I-5340 Acceptance Criteria

(a) The Qualification Specification shall specify the
performance required from the turbine driver during
specified service conditions.

(b) Acceptance criteria shall be specified for the
following:

(1) speed/output torque at operating steam condi-
tions (pressure, temperature, flow, and quality)

(2) required start-up and operating time based on
facililty conditions

(3) capability of the governor system to regulate
steam flow within specified limits

(4) vibration limits
(5) bearing displacement

QP-I-5350 TestingRequirements. Specify the require-
ment for demonstration that the unit will operate through
all modes of operation for the duration specified.

QP-I-5360 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation requirements
(b) requirements for manufacturer’s provision of

bolting material, torque values, and washer configuration

QP-I-5400 Power Transmission

QP-I-5410 Design and Construction Requirements.
The following requirements shall be specified:

(a) required design life of major components (noncon-
sumables)

(b) functional, operating, environmental, and design
conditions

(c) operational modes, including operating and design
process fluid conditions, and duration and frequency of
operation

(d) interface requirements
(e) shaft vibration limits
(f) specific location at facility site (inside or outside

containment)

QP-I-5420 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The
following requirements shall be specified:

(a) structural qualification requirements and accep-
tance criteria

(b) seismic and dynamic qualification requirements
and acceptance criteria

(c) environmental qualification requirements and
acceptance criteria

QP-I-5430 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specificmaterial requirements (if different fromthe
manufacturer’s standards)

(b) specific manufacturing requirements
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QP-I-5440 Acceptance Criteria

(a) The Qualification Specification shall specify the
performance required from the power transmission
device during specified service conditions.

(b) Acceptance criteria shall be specified for the
following:

(1) torque and horsepower capacities
(2) input/output speeds
(3) vibration limits
(4) total indicated runout
(5) cooling requirements
(6) coupling displacement

QP-I-5450 TestingRequirements. Specify the require-
ment for demonstration that the unit will operate through
all modes of operation for the duration specified.

QP-I-5460 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation requirements
(b) requirements for manufacturer’s provision of

bolting material, torque values, and washer configuration

QP-I-5500 Auxiliary Equipment

QP-I-5510 Design and Construction Requirements.
The following requirements shall be specified:

(a) required design life of major components (noncon-
sumables)

(b) functional, operating, environmental, and design
conditions

(c) operational modes, including operating and design
process fluid conditions, and duration and frequency of
operation

(d) interface requirements
(e) specific location at facility site (inside or outside

containment)

QP-I-5520 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The
following requirements shall be specified:

(a) structural qualification requirements and accep-
tance criteria

(b) seismic and dynamic qualification requirements
and acceptance criteria

(c) environmental qualification requirements and
acceptance criteria

QP-I-5530 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specificmaterial requirements (if different fromthe
manufacturer’s standards)

(b) specific manufacturing requirements

QP-I-5540 Acceptance Criteria. The Qualification
Specification shall specify the performance required
from any uniquely identified auxiliary equipment
during specified service conditions.

QP-I-5550 TestingRequirements. Specify the require-
ment for demonstration that the unit will operate through
all modes of operation for the duration specified.

QP-I-5560 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation requirements
(b) requirements for manufacturer’s provision of

bolting material, torque values, and washer configuration
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Nonmandatory Appendix QP-D
Pump Similarity Checklist

QP-D-1000 SCOPE

(a) This Appendix is provided to aid both the pump
designer and the specification writer.

(b) It lists items that may be considered when estab-
lishing rules of similarity between either pump designs or
process conditions.

(c) Applicable similarity items, either the ones identi-
fiedhereinorothers specifiedas required,maybeselected
at the option of the Owner.

QP-D-2000 PUMP DESIGN

The following parameters should be considered:
(a) hydraulic capability

(1) rating of pump, discharge size, NPS (DN)
(2) best efficiency point as a percentage of condition
(3) rise-to-shutoff from condition
(4) NPSHR and its range of uncertainties
(5) specific speed
(6) suction specific speed
(7) speed(s) of rotation
(8) tip speed
(9) number of vanes

(b) mechanical capability
(1) size of suction and discharge nozzles, NPS (DN)
(2) impeller diameter, in. (mm)
(3) vane treatment, finish and filing (over andunder)
(4) stationary-to-rotating fit clearances
(5) rotation
(6) method of support (frame, foot, and centerline)
(7) speed control (constant/variable)
(8) type and size of bearing system
(9) type and size of drive coupling
(10) stiffness of pump and driver support on base
(11) arrangement (vertical or horizontal)
(12) open or closed impeller
(13) single or multistage
(14) metallurgy of wetted parts
(15) shaft-seal system

(c) filters

(1) type
(2) design
(3) application

QP-D-3000 PROCESS DESIGN

(a) The following conditions for the pumped fluid
should be considered:

(1) start-up conditions
(2) normal and abnormal conditions
(3) transient conditions of flow, temperature, fluid

chemistry, and pressure
(4) test conditions
(5) process fluid conditions

(b) The following external conditions shouldbe consid-
ered:

(1) start-up conditions
(2) normal and abnormal conditions
(3) transient conditions of flow, temperature, fluid

chemistry, and pressure
(4) amplitude and duration of seismic excitation
(5) transient piping interaction
(6) cooling water for seal or bearing cooling

(c) Similaritymay be undertaken only within pumps of
the same class and type.

(d) The collection of the parameters in (a) and (b)
provides a means of narrowing the differences
between pumps.

(e) To establish similarity, it shall be shown that when
exposed to similar internal and external loads, expressed
as casing stress and assembly strain in response to normal
and abnormal loads, similar pumpswill exhibit congruent
performance, both hydraulic and mechanical.

(f) Similar pumps must equally be expected to with-
stand similar aging effects and retain their ability to
perform their specified design function.

(g) Exceptions may be considered if documentation
demonstrates similarity of performance, notwithstanding
the above criteria.
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Nonmandatory Appendix QP-E
Guidelines for Shaft-Seal System Material and Design

Consideration

QP-E-1000 SCOPE

This Appendix contains guidelines for the special mate-
rial and design considerations for shaft-seal systems that
are intended to be qualified in accordance with the re-
quirements of Section QP.

QP-E-2000 PURPOSE

ThisAppendixprovidesmaterial anddesignguidance to
the Qualification Specification writer.

QP-E-3000 DEFINITION

The following definition establishes the meaning of a
term in the context of its use in this Appendix and supple-
ments the definitions found in Sections QR and QP:
stress index: the ratio of the design stress to the minimum
ultimate strength of the material (S/Su).

QP-E-4000 MATERIAL CONSIDERATIONS

QP-E-4100 Pressure-Retaining Material

Gland plates and associated bolting are defined as pres-
sure-retaining material by the ASME Boiler and Pressure
Vessel Code (BPVC), Section III. Requirements to be
included in the Qualification Specification for material
used in pressure-retaining applications are to be in accor-
dance with the appropriate ASME BPVC Section III clas-
sification and its associated material requirements.

QP-E-4200 Non-Pressure-Retaining Material

(a) Considerations to be included in the Qualification
Specification formaterial used for seal-mating faces appli-
cations are

(1) no detrimental physical property changes occur-
ring when subjected to the seal cavity fluids for the times
listed in Table QP-E-4200-1

(2) no detrimental physical property changes occur-
ringwhen subjected to themaximum seal cavity tempera-
ture listed in Table QP-E-4200-1

(3) no detrimental wear rate, abrasion, or blockage
when sub j e c t ed t o t h e cond i t i on s l i s t ed i n
Table QP-E-4200-1

(b) Material with a stress index less than 0.1, used for
retainers, bolts, pins, bushings, and other parts, may be
manufactured from anymaterial suitable for the intended
service.

(c) Material with a stress index greater than 0.1, used
for springs, bolts, pins, and other metallic or brittle parts,
should meet an ASME, ASTM, or AMS specification that
controls the quality of the material.

(d) Proprietary material with a stress index greater
than 0.1, used for springs, bolts, pins, and other metallic
or brittle parts, that do not have a suitable national spec-
ification available should be qualified by testing in accor-
dance with Section QP. Such proprietary materials are
designated by a specific identification number by the
material manufacturer and certified to meet all the
quality assurance requirements of the originally qualified
material.

QP-E-5000 DESIGN CONSIDERATIONS

QP-E-5100 General

For normal operating conditions, the shaft-seal system
is designed to operatewithoutmaintenance for the design
life listed in Table QP-E-4200-1.
For service conditions other than normal, the shaft-seal

system is designed to operate without maintenance for a
specified duration and specified number of cycles. If only
onecycleof a specific operatingcondition is specified, then
it is understood that replacement or maintenance may
occur before resuming normal operation, unless other
design considerations are specified in the Qualification
Specification.
Special shaft-seal systems, such as double seals, tandem

seals, bellows, and/or cartridge seals, are tobe specified in
the Qualification Specification.

QP-E-5200 Design Input

(a) The pumpmanufacturer will supply the seal manu-
facturer with the following general design criteria:

(1) applicable edition and addenda of Section III of
ASME BPVC

(2) service conditions and associated duty cycles as
listed in Table QP-E-4200-1
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(b) The pumpmanufacturer will supply the seal manu-
facturer with the following arrangement and interface
conditions:

(1) type of seal to be provided (i.e., packing,mechan-
ical, bellows, double tandems, and cartridge)

(2) shaft or sleeve diameter at seal
(3) shaft or sleeve material
(4) shaft orientation (i.e., vertical or horizontal)
(5) direction of rotation
(6) seal cavity maximum diameter at seal
(7) seal cavity length
(8) shaft-to-seal cavitymisalignment conditions (i.e.,

static eccentricity, static angularity, and range of axial
travel)

(9) shaftmotions (i.e., radial, axial, and angular) rela-
tive to the seal cavity during seismic and design-basis
conditions as listed in Table QP-E-4200-1

(c) The pumpmanufacturer will supply the seal manu-
facturer with the following shaft-seal system external
conditions:

(1) seal system piping arrangements and seal
flushing systems shall conform to ASME B73.1, ASME
B73.2, API 610, API 682, and STLE SP-30

(2) availability of component coolant, including the
quantity, maximum temperature, pressure, available
pressure drop, and chemistry

(3) availability of seal injection, including the quan-
tity, temperature, chemistry, and solids particle size

(d) The pumpmanufacturer will supply the seal manu-
facturer with the following special provisions:

(1) maintenance provisions
(2) inaccessibility of the pump during operation that

would restrict visual inspection and preventive mainte-
nance

(3) necessary assembly and maintenance features
that limit personnel exposure time in radiation fields

Table QP-E-4200-1
Shaft-Seal System Specification

Shaft-Seal System Parameters
Normal Conditions

[Note (1)]

Design-Basis Condition
Design-Basis

Events
Inservice

Tests
Hydrostatic
[Note (2)]

Other
[Note (3)]

Conditions at Seal Cavity
Fluid [Note (4)]
Pressure, psia (MPa)
Temperature, °F (°C) NA
Thermal transient rate, range, and direction,
°F/min (°C/s)

NA

Thermal transient duration, min NA
Allowable leakage [Note (5)]
Radiation, rad NA
Speed, rpm NA

Abnormal Condition Info (Design Life)
Number of cycles NA
Duration of cycles, hr NA

Component Coolant Conditions
Pressure, psia (MPa) NA
Temperature, °F (°C) NA
Flow rate, gpm (mm3/s) NA

Design Life
Static, hr NA NA NA
Dynamic, hr NA NA NA

GENERAL NOTE: NA indicates not applicable.

NOTES:
(1) “Normal conditions” refers to seal conditions in pumps that are required to function during normal facility operation.
(2) Include this information if seal is to be used during hydrostatic tests.
(3) “Other” refers to conditions thatmay affect the seal cavity environment, suchas external loads and lossof component coolant or injection, and

to conditions that are not covered in the other categories.
(4) If fluid is water, specify quantity of chemicals present as additives or impurities and solids particle type and size.
(5) “Allowable leakage” refers to the leakage that can be collected as liquid at the seal-operating conditions.
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QP-E-5300 Mechanical Face Seals

(a) Mechanical face seals should be of the hydraulically
balanced type, except as provided for in Table
QP-E-5300-1.

(b) Either a sliding gasket (i.e., O-ring, V-ring, orU-ring)
or a metal or rubber bellows should be used between the
axially moving seal face and shaft sleeve or housing.

(c) For applications involving seal face velocities over
5,000 fpm (1 524 m/min), it is preferred that the axially
movable seal face be mounted on the stationary housing
rather than on the shaft.

QP-E-5400 Packings

(a) Stuffingboxes onall pumps shouldbepackedwith a
sufficient amount of packing as recommended by the
packing manufacturer. The minimum packing size is

1∕4 in.2 (160 mm2); however, a packing size of 3∕8 in.2
(240 mm2) or greater is preferred.

(b) Pump-stuffing boxes are to be provided with a
lantern ring for fluid injection directly into the
packing. Inlet and outlet connections must be provided
for the lantern ring.

(c) Sufficient space is to be provided for the packing to
be replaced without removing or dismantling any part
other than the gland and lantern ring if split.

(d) If the stuffing box of a vertical pump is subjected to
discharge pressure and a bleed-off to suction is used, the
bleed-off should be by means of internal rather than
external piping.

(e) Adequate seal draining is to be provided so that no
liquid can collect in the driver support piece.

QP-E-5500 Shaft Sleeves

(a) Shaft sleeves,whenused, are tobe sealed toprevent
leakage between the sleeve and shaft and machined for
concentric rotation.

(b) Ends of shaft sleeve assemblies or nuts, when used
on pumps arranged for packing, are to extend beyond the
outer face of the packing gland.

(c) Shaft sleeves are to extend beyond the external seal
gland plate on pumps employing an auxiliary seal other
than a throttle bushing.

Table QP-E-5300-1
Limits for Unbalanced Seals

Seal Diameter,
in. (mm)

Maximum Shaft
Speed, rpm

Maximum Sealing
Pressure, psig (MPa)

1∕2 to 2 (13 to 51) Up to 1,800 100 (0.69)
1,801 to 3,600 50 (0.35)

Over 2 to 4 (51 to
102)

Up to 1,800 50 (0.35)
1,801 to 3,600 25 (0.17)
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Section QV
Qualification Requirements for Active Valve Assemblies for

Nuclear Facilities

QV-1000 SCOPE

Section QV contains the qualification requirements and
guidelines for active valve assemblies that perform a
nuclear safety function used in nuclear facilities. Valve
assembly items may be qualified as part of a single
assembly or may be qualified separately, provided
their combination into a single unit is addressed. It is
the responsibility of the Owner to specify those valve
assemblies that require qualification to this Section.
Section QV provides a number ofways to qualify a valve

assembly. The Qualification Specification that has been
generated (see article QV-6000) is required to specify
thoseparameters forwhich theassembly is tobequalified.
In case of conflicts, Section QV takes precedence over

Section QR for specific valve assembly qualification re-
quirements. Design of the pressure-retaining boundary
of the valve is addressed by the Owner-specified Code
of record and is excluded from the scope of Section QV.

QV-2000 PURPOSE

It is the purpose of Section QV to provide requirements
for the qualification of the design of valves, actuators, and
the combination thereof (valve assemblies) to perform in
service as required under all specified operating and
design-basis conditions.

QV-3000 REFERENCES

References are as listed in article QR-3000.

QV-4000 DEFINITIONS

The following definitions apply specifically to valve
assemblies. Other definitions pertinent to valves will
be found in Mandatory Appendix QV-I. Definitions that
also apply to other types of mechanical equipment can
be found in Section QR. When there are conflicting defini-
tions between Sections QR and QV, the definitions in
Section QV take precedence with regard to application
of Section QV.
active check valve assembly: a valve assembly that is self-
actuating in response to systemconditions to allow flow in
only one direction.

active valve assembly: a valve assembly that is required to
change obturator position to perform its nuclear safety
function.
bending stress, Pb: the variable component of normal
stress.
cold working pressure: the valve pressure rating at 100°F
(38°C).
diagnostic test: a test of a valve assembly in which valve
andactuatorperformanceparameters, fluid systemcondi-
tions, ambient environmental conditions, and motive
power supply parameters are obtained from calibrated
instrumentation.
expansion stress, Pe: stresses resulting fromthe restraint of
free end displacement of the piping system. In a piping
system, this is commonly considered to be the stress
resulting from constraint of the free thermal expansion
of the piping system (thermal expansion stress).
However, it may also include various types of piping
system anchor movement effects, such as seismic
anchor motions or equipment or building thermal
anchor movements.
extended structure: the portion of a valve assembly that
extends outward from the centerline of the pipeline, as
measured from the mating surface on the valve body;
e.g., on a sliding-stem valve assembly, the extended struc-
turewould include, as aminimum, the valve bonnet, yoke,
actuator, and all accessories mounted on the actuator
assembly.
local primary membrane stress, PL: a membrane stress
produced by pressure or other mechanical load and asso-
ciatedwith adiscontinuity; if not limited, itwouldproduce
excessive distortion in the transfer of the load to other
portions of the structure.
manuallyactuated valve assembly:apower-operatedvalve
or power-operated relief valve that can be actuated by
components that solely allow manual actuation.
membrane stress: the component of normal stress that is
uniformly distributed and equal to the average value of
stress across the thickness of the section under considera-
tion.
motive power: the electrical, fluid, or mechanical power or
system flow required to operate the valve assembly.
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normal stress: component of stress normal to the plane of
reference.
obturator: valve closure element (disk, plug, ball, etc.).
operating cycle: the movement of a valve assembly
through its full stroke under defined operating conditions,
terminating with a return to the starting position.
power-operated valve assembly: a valve assembly that
requires external power such as provided by a motor,
air piston or diaphragm, solenoid, or electrohydraulic
operator to perform its safety function. Where power-
operated valves include components to allow manual
actuation, the qualification shall include the components
that permit manual actuation if these components are
included in the Qualification Specification.
pressure relief valve assembly: a valve assembly that is
designed to open to prevent a rise of internal fluid pres-
sure, in excess of a specified value, and reclose. Pressure
relief valve assemblies may be further classified as
follows:
combined self- and externally actuated:one that is actuated
by externalmotive power and, in the event of failure of the
external motive power, will open automatically at the set
pressure due to inlet static pressure.
externally actuated: one that is actuated by external
motive power.
self-actuated: one that is actuated by inlet static pressure.
primary membrane stress, PM: the component of primary
normal stress that is uniformly distributed and equal to
the average value of stress across the thickness of the
section under consideration.
primary stress: anynormal or shear stress developedbyan
imposed loading that is necessary to satisfy the laws of
equilibrium of external and internal forces and moments.
pyrotechnic-actuated (squib) valve assembly: a valve
assembly that requires external power provided by a
pyrotechnic actuator to perform its safety function.
shear stress: component of stress tangent to the plane of
reference.
stress intensity: the difference between the algebraically
largestprincipal stress and thealgebraically smallest prin-
cipal stress.
valve assembly: a valve-actuator combination, including
those functional accessories that are directly mounted
thereon. The term valve assembly should be broadly inter-
preted to include power-operated, self-operated, and
pressure relief valve assemblies.
production valve assembly: a valve assembly that is manu-
factured with the intent of being identical within allowed
manufacturing tolerances and clearances to the qualified
valve assembly on which its qualification is based. A
production valve assembly consists of a production
valve and production actuator.

qualified valve assembly: a valve assembly consisting of a
specific valve (e.g., including type, size, rating, material,
and drawing) and a specific actuator (e.g., including
type, size, rating, gear ratio, voltage, speed, and stem
nut, as applicable) that has been qualified by all appro-
p r i a t e t e s t i n g and ana l y s i s a s r equ i r ed by
article QV-7000. A qualified valve assembly consists of
a qualified valve and qualified actuator.
test valve assembly: a valve assembly selected for quali-
fication testing.

QV-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophy pertaining
to equipment qualification are provided in article
QR-5000 and apply to mechanical equipment in
general. Qualification performance characteristics specif-
ic to valve assemblies are contained in Section QVG. This
Guide is included with this Standard.

QV-6000 QUALIFICATION SPECIFICATION

It is the responsibility of theOwnerorOwner’s designee
to identify the functional performance characteristic re-
quirements for a valve assembly. These requirements
shall be provided in a Qualification Specification prepared
in accordance with Mandatory Appendix QV-I.
The manufacturer has the option to qualify the valve

assembly for more stringent parameters than provided
in the Qualification Specification but shall ensure that
the parameters to which the valve assembly is qualified
envelop those in theQualification Specification. TheQuali-
fication Specification shall be certified by one or more
Certifying Engineers in accordancewith the requirements
of QR-8610.

QV-7000 QUALIFICATION PROGRAM

QV-7100 General Requirements

An Application Report, as described in QV-8320, is
required to provide documentation and additional re-
quirementsasnecessary toensure that eachof theproduc-
tion valve assemblies is qualified for the application
specified in the Qualification Specification required by
article QV-6000. The qualification program shall
account for dimensional variations of critical clearances
of essential-to-functionparts. Further, any analytical tech-
niques applied in the qualification of valve assemblies
require verification to ensure that the analysis techniques
are valid for the variations of the design being qualified.
This program shall demonstrate that the performance of
valve assemblies, predicted by these analytical techni-
ques, is applicable to all allowable variations of the
valve clearances being qualified for the flow conditions
specified by the valve Qualification Specification. Even
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though valve assemblies may satisfy the requirements of
the manufacturer’s Quality Assurance Program (during
the normal manufacturing process), the qualification
programshall demonstrate that the design-limiting allow-
able variation in the critical clearances between essential-
to-function parts during the manufacturing phase shall
not render a valve assembly incapable of consistent
performance due to binding, blockage, etc.
SectionQVprovides forqualificationofavalveassembly

by a combination of testing and analysis. The qualification
of a qualified valve assembly may be extended to another
valve assembly through limited testing and demonstra-
tion of design similarity. This extension of qualification
is based on the condition that both valve assemblies
use the same design concept and that critical dimensional
clearances are maintained. Diagnostic testing shall be
performed during the qualification testing covered by
this Standard.

QV-7200 Analysis Guidelines

(a) Analysis is permissible provided that sufficient test
verification exists to justify the analysis used over the
qualification conditions involved.

(b) Analysis methods may be used for ensuring acces-
sories and associated attachments are rigid (see
QR-A-6500).

(c) Analysis methods based on extensive valve
assembly testing programs may be used in conjunction
with focused flow testing to demonstrate functional
capability. The user should be cautioned that, because
of difficulties associated with identifying and predicting
factors that affect operating loads for certain types of
valves (e.g., flexible wedge gate valves), even when
those valve assemblies are identical, it may be necessary
to limit the use of analysis in functional capability quali-
fication. Analysis methods may be used in the accelerated
environmental aging process per the requirements of
Nonmandatory Appendix QR-B.

QV-7300 Specific Qualification Requirements for
Valve Assemblies

Valve requirements are based on the valve assembly
type and category as delineated by Table QV-7300-1.

QV-7400 Qualification Requirements for Power-
Operated Valve Assemblies

QV-7410 Initial Considerations. The ranges of the
pressure, temperature, and flow for the valve and the
maximum seat-sealing differential pressure shall be
defined in the Qualification Plan and documented in
the Qualification Report (see QV-8310). In addition, the
valve is to be identified as bidirectional or unidirectional;
in the latter case the direction of pressurization must be
defined. The valve body pressure and the seat-sealing test
pressureused forqualificationmaybeequal toor less than

the rated pressure of the valve, but these test pressures
shall determine the qualification pressure rating for the
valve assembly. Pressure locking and thermal binding
should also be addressed. When production valve assem-
blies may have different operating requirements, the
Qualification Plan shall envelop the requirements for
the production valve assemblies.
The orientation of the valve assembly shall be as

required by the Qualification Specification; however,
the valve assembly may be mounted in a more conserva-
tive, worst-case orientation, provided that a satisfactory
justification for the worst-case orientation decision is
presented in the Qualification Report. Design-limiting
orientation may be different based on various qualifica-
tion attributes, e.g., seismic capability versus functional
capability.
Throughout the rest of Section QV, it should be noted

that theactuatorusedwhen testing theperformanceof the
valve does not need to be the actuator that was tested for
the actuator portions of the testing. Use of other than a
qualified actuator for valve testing does, however, require
that special attention be paid to the valve and actuator
interface as discussed below in QV-7461.3, QV-7462.3,
and QV-7463.3.

QV-7420 Environmental and Aging Considerations.
Friction of valve internal sliding surfaces can increase
with age until a plateau is reached. Further, inspections
and disassembly/reassembly of valves that expose valve
internal surfaces to air can result in a temporary reduction
in friction coefficients. Qualification of functional
capability must address these phenomena when estab-
lishing valve operating requirements.
Environmental qualification of actuators is performed

in accordance with IEEE Std 323 and IEEE Std 382. Quali-
fication of other nonmetallic parts, critical to valve
assembly performance, may be performed in accordance
with Nonmandatory Appendix QR-B.

QV-7430 Sealing Capability

QV-7431 Main-Seat Leakage. For measurement of
main-seat leakage, a valve closure shall be effected by
the actuator using minimum motive power, and the
maximum seat-sealing differential test pressure shall
be established. Pressure on one side of the closure
shall be relieved to establish a differential pressure in
the specified flow direction or in the most adverse direc-
tion for bidirectional valves (e.g., a globe valve with an
unbalanced disk, where the design is such that flow
tends to open the valve disk, shall be seat-leak tested
with pressure applied on the upstream side of the
disk). Leakage shall be collected from the low-pressure
side of the closure or otherwise measured by appropriate
means. The test shall be as long as required to determine
the leakage rate but not fewer than 5min. For double-disk
gate valves, the selected seat-sealing test pressuremay be
applied to the bonnet cavity with the leakage rates being
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measured for each main seat. Document the relationship
between seat leakage and applied thrust and/or torque
and differential pressure. The Qualification Plan shall
consider whether temperature and fluid conditions for
the application of the valve assembly result in the
need for further qualification testing.

QV-7432 Stem-Seal Leakage. The primary stem/
shaft-seal leakage shall be observed at the rated cold
workingpressurewith the valve in thepartially openposi-
tion to ensure pressurization of the valve in the area of the
primary stem/shaft seal. For valves without leak-off
connections, primary stem/shaft-seal leakage shall be
observed and the leak rate estimated. For valves with
leak-off connections, leakage at the leak-off connections
shall be measured and recorded. For valves using
diaphragms or bellows to achieve zero stem/shaft-seal
leakage, the test shall be performed so as to demonstrate
the pressure integrity of the bellows or diaphragm seal. In
all cases, regardless of the stem/shaft-seal construction,
the intent of this test is to demonstrate the pressure integ-
rity of the primary stem/shaft-seal arrangement. The
initial primary stem/shaft-seal leakage test shall be
performed after fully cycling the valve assembly ten
times. The test shall be as long as required to determine
the leakage rate but not fewer than 5 min. Document the
relationship between stem-seal leakage andpressure. The
Qualification Plan shall consider whether temperature
and fluid conditions for the application of the valve
assembly result in the need for further qualification
testing.

QV-7440 End Loading. The pressure-containing
portions of valves that are to be qualified to this Standard
shall be designed to the applicable Code selected by the
facility Owner.
End-loading qualification is not required if
(a) the intended application for the valve does not

impose significant end-load reactions (e.g., a drain
valve with piping attached to one end of the valve
does not impose significant loading) or

(b) the valve is designed to be installed in piping by
bolting the valve between pipe flanges, and the valve
body has a generally cylindrical cross section (except
for through bolting holes and a provision for actuator
mounting and entrance of the valve stem/shaft) of
such proportions that the length of the valve body parallel
to the pipe run is equal to or less than the inside diameter
of the valve (e.g., a wafer-style butterfly valve)

QV-7441 End-LoadingQualification forQVCategory
A Valve Assemblies. For QV Category A valve assemblies,
one of the following is required:

(a) Qualify analytically the maximum load (forces and
moments) that can be placed on the valve body such that
operation is not adversely affected. In turn, this load is to
be supplied to the piping system designer, who must
design the system such that the load cannot be exceeded.

(b) Qualify by test for the maximum load that can be
placed on the valve body such that operation is not
adversely affected. In turn, this load is to be supplied
to the piping system designer, who must design the
system such that the load cannot be exceeded.

(c) Require that the maximum stress intensity in the
attached piping at the pipe-to-valve junction resulting
from the combination of the primary or local membrane
stress (PM or PL) plus the bending stress (Pb) plus the
expansion stress (Pe) shall be limited to a value of (Gb/
Fb) × Sy (Gb, Fb defined below). That is,

+ + ×( )P P P P G F S( or ) /M L b e b b y

where
Fb = bending modulus of connecting pipe
Gb = valve body section modulus at the crotch region
Pb = bending stress
Pe = expansion stress
PL = local primary membrane stress
PM = primary membrane stress
Sy = yield strength

If Gb is unknown, then (Gb/Fb) may be taken as 1.
The determination of the maximum stress intensity

shall be based on the highest combination of concurrent
loads considering all concurrent loads defined in the
Qualification Specification. The value of Sy shall be
taken at the highest metal temperature of the attached
piping for the concurrent load combination under consid-
eration.

QV-7442 End-Loading Qualification for QV Cate-
gory B Valve Assemblies. End-loading qualification is
not required for QV Category B valve assemblies.

QV-7450 Seismic Qualification

(a) Seismic qualification is intended to demonstrate
the ability of a valve assembly to withstand a loading
that is representative of the specified seismic load quali-
fication level.

(b) Qualification of valve assemblies shall be in accor-
dance with IEEE Std 344 or Nonmandatory Appendix
QR-A.

(1) For valve assemblies with extended structures
and IEEE Std 382-qualified actuators, static side load
testing may be used as one acceptable method of
seismic validation of the valve/actuator interface.

(2) Nonmandatory Appendix QV-B provides a meth-
odology to perform this evaluation.

(c) All essential-to-function accessories shall be
attached to the valve assembly. The essential-to-function
accessories that have not been previously qualified in
accordance with IEEE Std 344 as part of the actuator
assembly shall be seismically qualified in accordance
with IEEE Std 344 or Nonmandatory Appendix QR-A.
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QV-7460 Functional Qualification. The functional
qualification of a valve assembly is made up of several
different activities.

(a) Establish a qualified valve assembly by qualifying a
valve assembly to function under a specified set of condi-
tions. This is discussed below in QV-7461.

(b) Develop a methodology to extrapolate the qualifi-
cation to another valve assembly. (It is desirable to not
have to individually qualify each specific valve for its in-
dividual operating conditions.) This effort involves the
analysis of the critical characteristics of how the valve
assembly under consideration compares with the quali-
fied valve assembly. This is described below in QV-7462.

(c) Ensure the production valve assembly performs in
the manner predicted by the qualified valve assembly.
This is described below in QV-7463.

QV-7461 Qualified Valve Assembly. The qualifica-
tion of the functional capability of a valve assembly
shall be justified using a combination of analysis and diag-
nostic test data. Test-basedmethodologies that have been
demonstrated to reliably predict valve assembly perfor-
mance may be used to supplement the testing in order to
minimize the amount of testingneeded toqualify the valve
assembly. The following activities shall be performed to
justify the qualification of the functional capability of the
qualified valve assembly.

QV-7461.1 Qualified Valve

(a) Identify the manufacturer, type, size, materials
(including internal parts), and rating; stem packing;
and corrosion inhibitor (as applicable) for the valve to
be qualified.

(b) Perform an internal inspection of the valve for
material, surface condition, and critical internal dimen-
sions (including valve internal clearances and edge
radii). Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the valve
will behave predictably.

(c) Establish any orientation requirements and any
system piping constraints that are applicable to the quali-
fication of the valve.

(d) Establish fluid conditions (including blowdown)
and stroke-time requirements for which the valve is
being qualified.

(e) Determine the seat leakage limitations (including
directional sealing) of the valve.

(f) Determine the stem leakage limitations of the valve.
(g) While collecting diagnostic test data (including

valve stem thrust and/or torque, fluid pressure and
temperature, and stroke time), cycle the valve under
static fluid conditions throughout the valve stroke in
both the opening (including unseating) and closing
(including seating) directions, and verify proper valve
assembly.

(h) While collecting diagnostic test data (including
valve stem thrust and/or torque, fluid pressure and
temperature, and stroke time), cycle the valve in both
the opening and closing directions until the coefficient
of frictionhas stabilized andbaselineperformanceparam-
eters have been established.

(i) While collecting diagnostic test data (including stem
thrust and/or torque, fluid pressure and temperature, and
stroke time), cycle the valve under applicable fluid
temperature, pressure, and flow conditions (from
ambient to hot water and steam conditions); environ-
mental conditions; and stroke-time requirements
throughout the valve stroke (including seating and
unseating), and verify the functional capability of the
valve under design-basis conditions.

(j) Determine whether the valve is susceptible to pres-
sure locking and/or thermal binding. If it is, establish
design limitations to prevent pressure locking and/or
thermal binding.

QV-7461.2 Qualified Actuator

(a) Identify actuator manufacturer, type, size, and
rating; lubricants used for gearboxes and sliding friction
points; and corrosion inhibitor (as applicable) for the
power actuator to be qualified.

(b) Perform an internal inspection of the actuator for
material, surface condition, and critical internal dimen-
sions. Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the actuator
will behave predictably.

(c) Establish any orientation requirements that are ap-
plicable to the qualification of the actuator.

(d) Establish the output thrust and/or torque versus
stem position, environmental conditions, and motive
power sources for which the actuator is being qualified.

(e) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency; motor
torque, voltage, and current formotor-poweredactuators;
and operating air pressures and current signals for air-
powered actuators, as applicable), cycle the actuator
under nominal motive power source conditions
throughout the actuator stroke in both the opening
and closing directions, verify proper assembly, and estab-
lish baseline performance parameters.

(f) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency and motor
torque, voltage, and current formotor-poweredactuators;
and operating air pressures and current signals for air-
powered actuators, as applicable), cycle the actuator
under applicable thrust and/or torque loads, environ-
mental conditions, stroke-time requirements, and
motive-power conditions throughout the actuator
stroke in both the opening and closing directions, and
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verify the functional capability of the actuator under
design-basis conditions.

QV-7461.3 Valve and Actuator Interface

(a) Identify the interface between the valve and
actuator for the valve assembly to be qualified.

(b) Verify that the qualified thrust and/or torque
output of the actuator equals or exceeds the required
thrust and/or torque demands of the valve throughout
the valve assembly stroke.

(c) For a motor-powered actuator with a rising-stem
valve, do the following:

(1) Identify any lubricants used on the valve stem.
(2) While collecting diagnostic test data (including

valve stemthrust and/or torque), cycle thevalve assembly
throughout the valve assembly stroke until the friction
between the stem and the stem-nut has stabilized.

(3) While collecting diagnostic test data (including
valve stemthrust and/or torque), cycle thevalve assembly
throughout the valve assembly stroke under representa-
tive fluidandenvironmental conditionsanddetermine the
stem-to-stem-nut coefficient of friction and load-sensitive
behavior. Refer to Section QVG.

QV-7462 Extrapolation of Qualification to Another
Valve Assembly. The extrapolation of the qualification of
the functional capability of a qualified valve assembly to
another valve assembly shall be justified using a combina-
tion of analytical comparison of physical attributes and
diagnostic test data. Test-based methodologies that
have been demonstrated to reliably predict valve
assembly performance may be used in lieu of the
testing needed to extrapolate the qualification to
another valve assembly. The following activities shall
be performed to justify the extrapolation of the qualifica-
tion to another valve assembly.

QV-7462.1 Valve

(a) Establish applicability of valve type, size, material
(including internal parts), and rating; orientation; system
piping constraints; stem packing; and any corrosion inhi-
bitor of the valve being qualified to the qualified valve.

(b) Perform an internal inspection of the valve for
material, surface condition, and critical internal dimen-
sions (including valve internal clearances and edge
radii) in order to establish applicability of construction
to the qualified valve (see QV-7461.1) and to evaluate
design-limiting tolerance combinations in the manufac-
turing process, and verify that the valve will behave
predictably.

(c) Establish applicability of fluid conditions and
stroke-time requirements for the valve to be qualified
to the qualified valve.

(d) Determine the seat leakage limitations (including
directional sealing) of the valve.

(e) Determine the stem leakage limitations of the valve.

(f) While collecting diagnostic test data (including
valve stem thrust and/or torque, fluid pressure and
temperature, and stroke time), cycle the valve under
static fluid conditions throughout the valve stroke in
both the opening (including unseating) and closing
(including seating) directions, and verify proper valve
assembly.

(g) Applying the qualification and test information
obtained under QV-7461.1 with supplemental testing
as necessary, collect diagnostic data (including stem
thrust and/or torque, fluid pressure and temperature,
and stroke time) for applicable fluid temperature, pres-
sure, and flow conditions (from ambient to hot water and
steam conditions) and stroke time throughout the valve
stroke (including seating and unseating), and verify the
functional capability of the valve under design-basis
conditions.

(h) Determinewhether the valve is susceptible to pres-
sure locking and/or thermal binding. If it is, establish
design limitations to prevent pressure locking and/or
thermal binding.

QV-7462.2 Actuator

(a) Establish applicability of actuator type, size, and
rating (including internal parts andmaterial); orientation;
lubricants; and any corrosion inhibitor of the actuator
being qualified to the qualified actuator.

(b) Perform an internal inspection of the actuator for
material, surface condition, and critical internal dimen-
sions. Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the actuator
will behave predictably.

(c) Establish the output thrust and/or torque-versus-
stem position for which the actuator is being qualified.

(d) Establishapplicabilityof environmental conditions,
stroke-time requirements, and motive power source
conditions (such as air pressures for air-powered actua-
tors and motor current and voltage for motor-powered
actuators, as applicable) for the actuator to be qualified
to conditions applicable to the qualified actuator.

(e) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency; motor
torque, voltage, andcurrent formotor-poweredactuators;
and operating air pressures and current signals for air-
powered actuators, as applicable), cycle the actuator
under nominal motive power source conditions
throughout the actuator stroke in both the opening
and closing directions, verify proper assembly, and estab-
lish baseline performance parameters.

(f) Applying the qualification and test information
obtained under QV-7461.2 with supplemental testing
as necessary, establish diagnostic data (including actuator
output thrust and/or torque; environmental conditions;
stroke time; gearbox efficiency andmotor torque, voltage,
and current for motor-powered actuators; and operating
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air pressures and current signals for air-powered actua-
tors, as applicable) for applicable thrust and/or torque
loads, stroke time, and motive power conditions
throughout the actuator stroke in both the opening
and closing directions, and verify the functional capability
of the actuator under design-basis conditions.

QV-7462.3 Valve and Actuator Interface

(a) Identify the interface between the valve and
actuator for the valve assembly to be qualified.

(b) Verify that the qualified thrust and/or torque
output of the actuator equals or exceeds the required
thrust and/or torque demands of the valve throughout
the valve assembly stroke.

(c) For a motor-powered actuator with a rising-stem
valve, do the following:

(1) Identify any lubricants, and establish the applic-
ability under environmental conditions of the lubricants,
used on the valve stem.

(2) Applying the qualification and test information
obtained under QV-7461.3 with supplemental testing
as necessary, collect diagnostic data (including valve
stem thrust and/or torque) for the valve assembly
throughout the valve assembly stroke at representative
fluid conditions, and determine the stem-to-stem-nut
coefficient of friction and load-sensitive behavior. Refer
to Section QVG for guidance.

QV-7463 Demonstration of Functional Capability of
ProductionValveAssemblies.The functional capability of
the production valve assembly shall be demonstrated by
verification of the physical attributes, application, and
diagnostic test data of the production valve assembly
to its qualified valve assembly. At the discretion of the
Owner, the production valve assembly testing may be
performed following final installation of the valve
assembly. The following activities shall be performed
to demonstrate the functional capability of production
valve assemblies.

QV-7463.1 Production Valve

(a) Verify applicability of the production valve type,
size, material (including internal parts), and rating; orien-
tation; piping system constraints; stem packing; and any
corrosion inhibitor to the qualified valve.

(b) Perform an internal inspection of the production
valve for material, surface condition, and critical internal
dimensions (includingverifying that valve internaldimen-
sions, clearances, and edge radii arewithinmanufacturing
tolerances) to establish applicability to the qualified valve.

(c) Verify applicability of fluid conditions and stroke-
time requirements for the production valve to the qual-
ified valve.

(d) Verify that the seat leakage limitations (including
directional sealing) of the qualified valve are applicable to
the production valve.

(e) Verify that the stem leakage limitations of the qual-
ified valve are applicable to the production valve.

(f) While collecting diagnostic test data (including
valve stem thrust and/or torque, fluid pressure and
temperature, and stroke time), cycle the production
valve under static fluid conditions throughout the
valve stroke in both the opening (including unseating)
and closing (including seating) directions in order to
verify proper assembly.

(g) Verify applicability of the functional capability
(including stroke time) of the production valve for
opening and closing under fluid conditions to the qualified
valve through the use of specific test data or a test-based
qualification methodology.

(h) Verify that the production valve addresses any
pressure locking and/or thermal binding limitations of
the qualified valve.

QV-7463.2 Production Actuator

(a) Verify applicability of the production actuator type,
size, and rating (including internal parts and materials);
orientation; lubricants; and any corrosion inhibitor to the
qualified actuator.

(b) Perform an internal inspection of the production
actuator for material, surface condition, and critical
internal dimensions (including verifying that internal
dimensions, clearances, and edge radii are within manu-
facturing tolerances) to establish applicability to the qual-
ified actuator.

(c) Verify applicability of environmental conditions,
stroke-time requirements, and motive power source
conditions (such as air pressures for air-powered actua-
tors and motor current and voltage for motor-powered
actuators) of the production actuator to the qualified
actuator.

(d) While collecting diagnostic test data (including
stem thrust and/or torque; environmental conditions;
stroke time; motor torque, voltage, and current for
motor-powered actuators; and operating air pressures
and current signals for air-powered actuators, as applica-
ble), cycle the production actuator under nominal motive
power source conditions throughout the actuator stroke
to verify proper assembly.

(e) Verify applicability of the functional capability
(including stroke time) of the production actuator for
opening and closing under environmental and power
conditions to thequalified actuator through theuseof spe-
cific test data or a test-based qualification methodology.

QV-7463.3 Production Valve and Actuator
Interface

(a) Verify applicability of the production valve and
production actuator interface to the qualified valve
assembly.
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(b) Verify that the thrust and/or torque output of the
production actuator equals or exceeds the required thrust
and/or torque demands of the production valve
throughout the valve assembly stroke.

(c) For a motor-powered actuator with a rising-stem
valve, do the following:

(1) Verify that the lubricants used are applicable to
the qualified valve assembly.

(2) Verify applicability of the stem-to-stem-nut coef-
ficient of friction and the load-sensitive behavior of the
production valve assembly to the qualified valve assembly
through the use of specific test data or a test-based quali-
fication methodology.

(3) Cycle the production valve assembly under static
conditions throughout the valve stroke to verify proper
assembly.

QV-7470 Postinstallation Verification and IST Base-
line. After the production valve assembly has been
installed in the facility, it shall be cycled under represen-
tative fluid conditions as necessary to collect diagnostic
data (including valve stem thrust and torque; fluid pres-
sure and temperature; stroke time; motor-operated valve
(MOV) motor torque, voltage, and current; and air-oper-
ated valve (AOV) operating air pressures and current
signals, as applicable) throughout the valve stroke to
verify the production valve assemblymeets the functional
requirements of the Qualification Specification. The re-
quirements of QV-7470 are the responsibility of the
Owner.

QV-7500 Qualification Requirements for Self-
Actuated Check Valve Assemblies

QV-7510 Initial Considerations. The ranges of the test
pressure, temperature, and flow for the valve and the
maximum test seat-sealing differential pressure shall
be defined in the Qualification Plan and documented in
the Qualification Report. The valve-body and seat-
sealing test pressures used in this test may be equal to
or less than the rated pressure of the valve, but in any
event, these test pressures determine the qualification
pressure rating for the valve assembly. Where production
valve assemblies may have different operating pressure
requirements, the qualification of the qualified valve
assembly must include a range of test pressures encom-
passing the requirements for the production valve assem-
blies.
Those check valves with actuating means involving

external weights, springs, or a power actuator whose
purpose is to provide positive closure or to assist in
closure may be qualified by analysis that verifies that
the actuating device cannot degrade the function or oper-
abilityduringandafter a seismic event.Additionally, those
check valves with an external actuating device whose sole
purpose is toprovide ameans for inservice testingof oper-
ability may be qualified by analysis that verifies the

actuating device cannot degrade the function or oper-
ability during and after a seismic event.

QV-7520 Environmental and Aging Considerations.
The qualification of nonmetallic parts that are critical
to valve assembly performance may be performed in
accordance with Nonmandatory Appendix QR-B.

QV-7530 Sealing Capability

QV-7531 Main-Seat Leakage. The valve shall be
pressurized in the flow direction tending to seat the
disk. Leakage shall be collected from the opposite side
of the closure or otherwise measured by appropriate
means. The test shall be a minimum of 5 min or a
longer period deemed adequate to measure the
leakage rate.

QV-7532 Shaft-Seal Leakage. For check valves
having sealed shafts, shaft-seal leakage shall be observed
at cold working pressure applied to the seal. For valves
with leak-off connections, leakage at the leak-off connec-
tion shall be measured and recorded. For valves without
leak-off connections, shaft-seal leakage shall be observed
and the leak rate estimated. If the sealed shaft is a moving
part, the initial shaft-seal leakage test shall be performed
after fully cycling the valve assembly ten times. The
leakage rate test duration shall be adequate to
measure the leakage rate but not fewer than 5 min.

QV-7540 End Loading. The pressure-containing
portions of valves that are to be qualified to this Standard
shall be designed to the applicable Code selected by the
facility Owner.
The end-loading test is not required if
(a) the intended application for the valve does not

impose significant end-load reactions (e.g., a drain
valve with piping attached to one end of the valve
does not impose significant loading) or

(b) the valve is designed to be installed in piping by
bolting the valve between pipe flanges, and the valve
body has a generally cylindrical cross section (except
for through bolting holes and a provision for actuator
mounting and entrance of the valve stem/shaft) of
such proportions that the length of the valve body parallel
to the pipe run is equal to or less than the inside diameter
of the valve (e.g., a wafer-style butterfly valve)

QV-7541 End Loading for QV Category A Valve
Assemblies. For QV Category A valve assemblies, one
of the following is required:

(a) Qualify analytically the maximum load (forces and
moments) that can be placed on the valve body such that
operation is not adversely affected. In turn, this load is to
be supplied to the piping system designer, who must
design the system such that the load cannot be exceeded.

(b) Qualify by test for the maximum load (forces and
moments) that can be placed on the valve body such that
operation is not adversely affected. In turn, this load is to
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