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deral regulations applicable to nuclear power plants require that measures be established to ensure that certain

equlpment operates as spec1f1ed ThlS Standard sets forth requ1rements and guldellnes that may be used to ensure that
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bar power plant licensees, this Standard may be applied to future nuclear power plants or existing operat1 g nuclear
br plant component replacements, modifications, or additions.
the early 1970s, initial development of qualification standards was assigned to the N45 Committeelof the American
nal Standards Institute (ANSI). The N45 Committee in turn established a task force to prepare two series of stan-
5 to ensure that pumps and valves used in nuclear plant systems would function as specifiediThe N45 Committee’s
task force (N278) was reassigned in 1974 to the American National Standards Committee B16 and d¢signated
ommittee H. The first qualification standard to be issued for valves was ANSI N278.1-1975, which coyered the
aration of functional specifications. In 1982, the task force was reassigned to The ‘Anferican Society of Mpchanical
heers (ASME) Committee on Qualification of Mechanical Equipment Used in Nu¢lear Power Plants (QME) and desig-
[l the Subcommittee on Qualification of Valve Assemblies. As an interim measuke€;in 1983, ANSI B16.41 was]issued to
' functional qualification requirements for power-operated active valvecassemblies for nuclear power |plants.
e N45 Committee’s pump task force (N551), established in 1973, wasassigned to ASME Nuclear Power (Jodes and
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Hards along with N278 as part of the Subcommittee QNPE, Qualificatien’of Nuclear Plant Equipment. Both N551 and
operated as Subcommittee QNPE until 1982, when they were reassigned to the QME Committee and designated as,
ctively, the Subcommittee on Qualification of Pump Assembliesand the Subcommittee on Qualificatior] of Valve

blies. In June 1977, an agreement between the Institute of.Electrical and Electronics Engineers (IEEE) qnd ASME
ormulated, giving primary responsibility for qualification(standards to IEEE and for quality assurance stahdards to
. This arrangement remained in effect until ASME established the Committee on Qualification of Mechanig¢al Equip-
Used in Nuclear Power Plants, now known as the(@ommittee on Qualification of Mechanical Equipment Used in
ar Facilities.

e various parts of ASME QME-1-1994 were approved by ANSI on the following dates: Section QP, Septgmber 22,

; Section QR, June 8, 1993; Section QR, Nonmandatory Appendix A, October 7, 1993; Section QR, Nonmlandatory

ndix B, May 14, 1993; and Section QV-and its Nonmandatory Appendix A, February 17, 1994. Section QV was a

ion and redesignation of ANSI B16,41-1983.

ME QME-1-2002 was published in'2003. In September 2003, it was recognized that the Standard had aspec{s, such as

rocess for valve qualification, thateould better use new computer analytical techniques and that were prosdriptive in
e. In addition, seismic qualification needed to be updated to recognize new industry guidance. New sections were

ed on standardization ¢f experience-based seismic equipment qualification and the qualification of|dynamic
aints. At the time, industry experience had demonstrated that qualification to ASME QME-1 was [required
ut the specification‘ofthe parameters for which equipment needed to be qualified. The use of this Standard requires

Qualification Specification be provided.

ME QME-1-2007 was endorsed by the Nuclear Regulatory Commission (NRC) and was the first edition| of ASME
1 to be so-endorsed. It was approved as an American National Standard on June 25, 2007.

e 2012 ‘%dition of this Standard was approved as an American National Standard on September 17, 2012.

e 2017 edition of this Standard was approved as an American National Standard on March 21, 2017.
lewing approval by the ASME QME Committee, ASME QME-1-2023 was approved by ANSI as an Americar] National

ard-on }—;nn-n-y 1'2‘ 2023

vii
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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
revision§OT TAasES; TEPUTLEITAtd, OT TEqUEStIMterpretations. Correspondernce forthis Stamdard shroutd-besent to the staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/QMEcommittee.

Revisigns and Errata. The committee processes revisions to this Standard on a continuous basis to incorpgrate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the $tan-
dard. Approved revisions will be published in the next edition of the Standard.

In addjtion, 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 'tevisions. Such proppsals
should b¢ as specific as possible, citing the paragraph number(s), the proposed wording, and:a detailed description ¢f 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 neéed
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential.additional requirements prior to incorporftion
directly into the Standard
(4) to permit the use of a new material or process
(b) Uskrs are cautioned that not all jurisdictions or owners atitomatically accept cases. Cases are not to be considered
as approying, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom fof manufacturers, constructors, or owners to ehoose any method of design or any form of construction that
conformy to the Standard.
(c) Agdroposed case shall be written as a question@and reply in the same format as existing cases. The proposal shal| also
include the following information:
(1) p 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 qase is effective for use when the public review process has been completed and it is approved by the cognjzant
supervis¢ry board. Approved-cases are posted on the committee web page.

etations. Upomrequest, the committee will issue an interpretation of any requirement of this Standar¢l. An
interpretption can be iSsued only in response to a request submitted through the online Interpretation Submittal Foym at
0.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic ejmail

llirer
irers

ard-requirements. If, based on the information submitted, it is the opinion of the committee that the inq
should seekassista ; threrequestwittbereto etwi ETECU eI atio J O assista cbeobtaimed o
can track the status of their requests at https://go.asme.org/Interpretations.

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

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

»u

certify,” “rate,” or “endorse” any item, construction, proprietary
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Committee Meetings. The QME Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/QMEcommittee.

Xi
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ORGANIZATION OF ASME QME-1

1 GENERAL

ASME QME-1 is divided into sections that are r‘lpcig_

4 SUBARTICLES

Subarticles are numbered in units of 100 _such as

nated by|capital letters: the letter “Q, which stands for
qualification, followed by one or more letters that gener-
ally indidate the subject matter of the section. This Stan-
dard conkists of four major sections as follows:

(a) Seftion QR: Qualification Requirements

(b) Seftion QDR: Qualification of Dynamic Restraints

(c) Segtion QP: Qualification of Active Pump Assem-
blies

(d) Se
Valve As

Ction QV: Qualification Requirements for Active
temblies for Nuclear Facilities

2 SECTIQNS

Sections are divided into articles, subarticles, subsubar-
ticles, pafagraphs, and, where necessary, subparagraphs
and subsjubparagraphs.

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;

QR-7100 or QV-7200. When more than nine subasticles
arerequired, numbering is done by paragraph andunjits of
1 starting with 10.

5 SUBSUBARTICLES

Subsubarticles are numbered in‘units of 10, such a$ QR-
8310 or QR-8320.
6 PARAGRAPHS

Paragraphs are numbered in units of 1, such as QR-8321
or QV-8322.
7 SUBPARAGRAPHS

Subparagraphs, when they are major subdivisiong of a
paragraph, are designated by adding a decimal follgwed
by @he or more digits to the paragraph number, suth as

QR-8321.1 or QV-8321.2. When they are minor suldivi-
Sions of a paragraph, subparagraphs may be designat¢d by
lowercase letters in parentheses, such as QR-8321(p) or
QV-8321(b).

or QV-6(000. Whenever possible, articles dealing with
the samg topic are given the same number.in.each 8 SUBSUBPARAGRAPHS
section In accordance with the general scheme that
follows: Subsubparagraphs are designated by adding lowefcase
letters in parentheses to the major subparagfaph
Articld Number Title numbers, such as QR-8321.1(a) or QV-8321.1(b). When
1000 Scope further subdivisions of minor subparagraphs are ngces-
2000 Purpose sary, subsubsubparagraphs are designated by adding
3000 Referencés Arabic numbers in parentheses to the subsubparagraph
4000 Definitions designation, such as QR-8321.1(a)(1) or QV-8321.1(4)(2).
5000 Qualification Principles and Philosophy 9 REFERENCES
6000 Qualification Specification Criteria
7000 Qualification Program References used within this Standard generally fal| into
8000 Documentation one of the following three categories:
(a) References to Other Portions of This Standard. When
The nkmberingoftheartieltes—and—themateriat areference ismadetoanotherarticle subarticle orpara-

contained in the articles may not, however, be consecutive.
Due to the fact that the complete outline may cover phases
not applicable to a particular section or article, the rules
have been prepared to allow gaps in the numbering.

Xii

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
is made to any section of the BPVC, or to other standards, it
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shall be understood to mean the designated article, para-
graph, figure, or table in the designated document. All such
references shall be identified in the text of this Standard by
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 document may also be described,
e.g., ASME BPVC, Section IlI, Subsection NF, subpara. NF-

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) Referencesto Appendices. Two types of appendix are
included in this Standard, designated Mandatory and Non-
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 to which the appendix applies, e.g., QR.

issuing source, unique identification number, year of
publiication being referenced, and full title, e.g., IEEE
Std B82-1980, Standard for Qualification of Safety
Related Valve Operators. It should be noted by users
of this Standard that regulatory requirements and

followed in qualification; such referencesrare’|luniquely
identified by a roman numeral, e.g,,)Mandatory
Appendix QR-I, and its specific title. Nonmandatory
appendices provide information or guidance; sych refer-
ences are designated by a\capital letter, e.g.,
Nonmandatory Appendix QR“Aj‘and its specifiq title.
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ASME QME-1-2023
SUMMARY OF CHANGES

roved

”

c-approval-by-the- ASME-QME-Committeeand- ASMEand-after publicreview - ASME-QME-1-2023 - wasapp¥
merican National Standards Institute on January 13, 2023.
ut this Standard, the phrase “Registered Professional Engineer” has been changed to “Certifying‘Engineer.
ASME QME-1-2023 includes the following changes identified by a margin note, (23).

Location Change

Organization of ASME QME-1 Paragraph 9(b) revised

QR-3000 Updated in its entirety

QR-4000 Definition of significant aging mechanism added

QR-5310 Revised

QR-8000 In QR-8200, QR-8300, QR-8400, and QR-8500, lists reformatfed

QR-1-1120 Revised in its entirety:

QR-1-1300 Added

QR-A-3000 Revised

QR-A-5610 Reference inlast sentence updated

QR-A-5620 Referencedin last sentence updated

QR-A-7210 Revised

QR-A-7500 Added

QR-A-8340 Added, and subsequent paragraph redesignated

QR-A-8350 Formerly QR-A-8340, first sentence revised

QR-B-3000 Revised

QDR-3000 (1) Definition of activation revised

(2) Definitions of fatigue failure and fatigue life added

QDR-4110 Revised

QDR-4210 Revised

QDR-4310 Revised

QDR-4410 Revised

QDR-6223.1 Subparagraphs (a), (b), and (g) revised

QDR<6223.2 Subparagraphs (a), (b), (f), and (g) revised

QDR-6223.3 Subparagraphs (b) and (c) revised

QDR-6223.4 (1) Subparagraph (b) revised

(2) Subparagraphs (d) through (f) added

QDR-6223.4.2 Subparagraph (a) revised

QDR-6224 Revised

QDR-6226 First paragraph revised

QDR-1-5300 Revised

QDR-1-5320 Subparagraph (f) added, and the subsequent subparagraph

redesignated

Xiv


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

Page Location Change

53 QDR-1-5400 (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-1-2000 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 Req

uirements

QR

TH
lines
who

1000 SCOPE

is Standard provides the requirements and guide-
for the qualification of active mechanical equipment
e function is required to ensure the safe operation or
safe phutdown 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-
men s of the applicable design and construction codes
and ptandards.

This Standard does not apply to electric components
such|as motors, electric valve actuators, instrumentation,
and fontrols, which are qualified by conformance with
apprppriate IEEE standards.

QR-3210 Applicable in Mandatory Appendix QR-I

Asia-Pacific Economic Cooperation (AREC) ag
(www.apec.org)
Fédération Européenne d'Associations Nationales
d'Ingénieurs (European Federation of Natiopal Engi-
neering Associations) (EEANI) (www.feani.ofg)
International ProfessionalEngineers Agreemerjt (IPEA),
formerly known asthe'Engineering Mobility] Forum
(www.ieagreements:org/agreements/ipea)
The Washington.-Accord
(www.ieagreements.org/accords/washingtor

reement

—

QR-3220 Applicable in Nonmandatory Appendix
QR-A

QR-2000 PURPOSE

THe purpose of this Standard is to provide the require- Advanced Light Water Reactor (ALWR) First-pf-a-Kind
menfs and recommended practices to qualify active Engineering (FOAKE) Project on Equipment Seismic
mechanical equipment to meet specified functional te< Qualification, Advanced Reactor Corporatign (ARC),
quirgments during operation and during or after, any April 1995
postfilated abnormal or accident conditions. Publisher: U.S. Nuclear Regulatory Commissiqn (NRC),

One White Flint North, 11555 Rockville Pike, Rockville,
QR-3000 REFERENCES MD 20852-2738 (www.nrc.gov)

THis article lists reference documents from which EPRINP-5228-V1R1, Addendum to Seismic Veriffication of
guidance, concepts, principles, pragtices, criteria, and pa- Nuclear Plant Equipment Anchorage: V¢lume 1:
ramgters have been carried forward into this Standard. Development of Anchorage Guidelines, Rejvision 1,

QR-3100 provides the industry standards and applica- June 30, 1994
ble g¢ditions referenced i ASME QME-1 and QR-3200 Publisher: Electric Power Research Institute (EPRI), 3420

proviides general referénce documents used in ASME

100 Qualification Requirement

le QR+3100-1 lists the current industry standards
referlenced by ASME QME-1 and earlier editions consid-
eredfadceptable for use with ASME QME-1. Itis the respon-
sibil
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.

Hillview Avenue, Palo Alto, CA 94304 (www.¢pri.com)

NRC Regulatory Guide (RG) 1.60, Design Respons
for Seismic Design of Nuclear Power Plants, R
dated July 2014

NRC RG 1.61, Damping Values for Seismic Il
Nuclear Power Plants, Revision 1, dated Mar

NRC Supplemental Safety Evaluation Reports on the GIP,

evision Z, 0. 2), the GIP,
Revision 3, Updated 5/16/97 (SSER No. 3), and the
GIP, Revision 34, 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

e Spectra
bvision 2,

esign of
ch 2007
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Table QR-3100-1
Reference Standards

Latest QME Other Applicable
Referenced Acceptable Sections or
Designator Title Edition Editions Appendices
American Nuclear Society (ANS)
ANS 51.1 Nuclear Safety Criteria for the Design of Stationary Pressurized 1988 QR
Water Reactor Plants
ANS 52.1 Nuclear Safety Criteria for the Design of Stationary Boiling Water
Reactor Plants
American|National Standards Institute/Hydraulic Institute (ANSI/HI)
ANSI/HI 1J1-1.5 Centrifugal Pumps 1994 QR
ANSI/HI 1]6 Centrifugal Pump Tests 2000 1994 QP
ANSI/HI 911-9.5 Pumps — General Guidelines for Types, Definitions, Application, 2015 2000 QP
Sound Measurement and Decontamination
American|Petroleum Institute (API)
API 610 Centrifugal Pumps for Petroleum, Petrochemical, and Natural 2021 2010,2004, 2003, QP
Gas Industries 1995, 1989
API 611 General-purpose Steam Turbines for Petroleum, Chemical, and 2008 1997, 1988 QP
Gas Industry Services
API 682 Pumps — Shaft Sealing Systems for Centrifugal and Rotary 2014 2004, 2002, 1994 QP
Pumps
American|Society of Civil Engineers (ASCE)
ASCE Stanfard 4 Seismic Analysis of Safety-Related Nuclear Structures 2016 1998, 1986 QR, QR-A, QPR,
QVv, QP
American|Society of Mechanical Engineers (ASME)
ASME BPVC, Rules for Construction of Nuclear Facility Components 2021 2019,2017,2015, QR, QR-A, QPR,
Section [II 2013, 2010, Qv, QP
2007, 2004,
2001, 1998,
1995, 1992
ASME B731 Specification for the Horizontal End Suctien;€entrifugal Pumps 2020 2012, 1991 QP
for Chemical Process
ASME B7312 Specification for Vertical In-Line Centrifugal Pumps for Chemical 2016 2003 QP
Process
ASME O&NM Code Operationsand Maintenanceof Nuclear Power Plants, Division 1, 2020 2017,2015,2012, QR,QR-A,QH QVG
OM Code: Section IST, 2009, 2004,
2001, 1998,
1995, 1990
ASME PT( 8.2 Centrifugal Pumps 1990 QP
Institute ¢f 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 2003 1996, 1980 QR, QR-B, Qp, QV
Power Generating Stations
IEEE Std 334 IEEE Standard for Qualifying Continuous Duty Class 1E Motors 2006 1994 QR, QV, QP
for Nuclear Power Generating Stations
IEEE Std 344 IEEE Standard for Seismic Qualification of Equipment for 2013 2004, 1993, 1987 QR, QR-A, Q}, QP
Nuclear Power Generating Stations
IEEE Std 382 IEEE Standard for Qualification of Safety-Related Actuators for 2019 2006, 1996, 1985 QR, QV, QP, QVG
Nuclear Power Generating Stations and Other Nuclear
Facilities
IEEE Std 627 IEEE Standard for Qualification of Equipment Used in Nuclear 2019 2010, 1980 QR, QR-B, QP, QV
Facilities
International Organization for Standardization (ISO)
ISO 13709 Centrifugal pumps for petroleum, petrochemical and natural gas 2009 2003 QP

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

Latest QME Other Applicable
Referenced Acceptable Sections or
Designator Title Edition Editions Appendices
National Electrical Manufacturers Association (NEMA)
SM 23 Steam Turbines for Mechanical Drive Service 2002 1997, 1991 QP

NRC|NUREG-0800, Standard Review Plan, Section 3.10,
Sejsmic and Dynamic Qualification of Mechanical and
El¢ctrical Equipment, Revision 4, December 2016

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

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

SQUG Generic Implementation Procedure (GIP) for
Seismic Verification of Nuclear Plant Equipment,
Sefismic Qualification Utility Group (SQUG), Revision
2,|lupdated 2/14/92, Revision 3, updated 5/16/97,

Revision 3A, Updated December 2001

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

QR-3230 Applicable in Section QP

STLH SP-1, Glossary of Seal Terms, March 1995

STLE SP-30, Guidelines for Meeting Emission Regulations
fo Rotating Machinery With Mechanical\Seals, April
1994

Publisher: Society of Tribologiststand Lubrication
Ergineers (STLE), 840 Busse Highway, Park Ridge,
IL|60068-2302 (www.stle.org)

QR-3240 Applicable imSection QVG

EPR] TR-103237-R2;)EPRI MOV Performance Prediction
Prpgram Topical ‘Report, Addendum 10, April 2019
Publjsher: Electrie Power Research Institute (EPRI), 3420

Hillview Avenue, Palo Alto, CA 94304 (www.epri.com)

NRC|Generic Letter (GL) 89-10, Safety-Related Motor-

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-Opetated Valve
Performance Issues, July 1998
NRC Letter dated March 15, 1996, from Ashok C{Thadani,
NRC, to Thomas E. Tipton, Nuclear-Energy [nstitute,
forwarding Safety Evaluatidn by the (Qffice of
Nuclear Reactor Regulation-ofiElectric Power [Research
Institute Topical Report TR-#03237, EPRI MQV Perfor-
mance Prediction Program, and Supplement
NRC RG 1.89, Environmerital Qualification of Certain Elec-
tric Equipment Iniportant to Safety for Nuclepr Power
Plants, Revisiomn\1, dated June 1984
NRC RG 1.100, Seismic Qualification of Electfical and
Active Mechanical Equipment and Functional Rualifica-
tion of'Active Mechanical Equipment for Nucldar Power
Plants; Revision 4, dated May 2020
NRC'NUREG/CP-0152 (July 1996), Proceedings of the
Fourth NRC/ASME Symposium on Valve apd Pump
Testing
NRC NUREG/CR-6100 (May 1995), Gate Valve a)yd Motor-
Operator Research Findings
Publisher: U.S. Nuclear Regulatory Commissiqn (NRC),
One White Flint North, 11555 Rockville Pike, Rockville,
MD 20852-2738 (www.nrc.gov)

QR-4000 DEFINITIONS

active mechanical equipment: mechanical equipment
containing moving parts, which, in order to adgcomplish
its required function as defined in the Qualification Spec-
ification, must undergo or prevent mechanical mpvement.
This includes any internal components or appuitenances
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, des]gn-basis

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.

(23)
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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

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

operatorg, are not included in the component support
load path.

demonstiation: the provision of evidence to support the
conclusidn derived from assumed premises.

design-bdsis event (DBE): postulated events (specified by
the safety analysis of the facility) used in the design to
establish the acceptable performance requirements of
the strudtures and systems.

design life: the time during which satisfactory perfor-
mance cgdn be expected for a specific set of service condi-
tions (the¢ time may be specified in real time, number of
operatinlg cycles, or other performance intervals, as
appropripte).

Design Specification: a document prepared by the Owner
or the Opner’s designee that provides a basis for the
design of a system or component.

essentialfto-function parts/components: those parts or
componpnts of the assembly that are essential to
cause, p¢rmit, or enable the assembly to perform the
specified accident-condition function or whose failtire
could pr¢vent the performance of this function.

functiondlity: ability of an active component to perform
the mechpnical motion required to fulfill its specified func-
tion whep subjected to the prescribed service conditions.

installed|life: the interval from installation to removal
during which the equipment or component thereof
may be qubject to design service condition and system
demands

maintendnce: work performed on an item to keep it oper-
able or tp restore it to-an operable condition.

malfunctjon: the loss.of capability of equipment to initiate
or sustaif its specified function or the initiation of unde-
sired actjons(that might result in adverse consequences.

margin: thefamount by which the qualification condition

motion associated with the facility shutdown and ingpec-
tion, which may be identified as a design input as'spedified
by the safety analysis of the facility.

production equipment: equipment fabricated with the
same manufacturing techniques, materials, produftion
testing, and quality assurance thatsvere used for pfoto-
type or parent equipment.

prototype equipment: productiohéquipment representing
the first model /type or original design/pattern. Protqtype
equipment may be used>for qualification testing; when
selected for qualification testing, the equipment|may
also be called candidate equipment.

qualification: the generation and maintenance of evidence
to ensure/demonstrate that the equipment can megt its
specified service conditions in accordance with the Quali-
fication» Specification.

qudiification criteria: criteria developed from those|spe-
eific service conditions for which the equipment is fo be
qualified.

qualification life: the period of time, prior to the starf of a
design-basis event, for which the active mechanical equip-
ment was demonstrated to meet the design requirerllents
for the specified service conditions. (Note thatat the ejnd of
the qualified life, the active mechanical equipment shall be
capable of performing the function required for the ppstu-
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 mechahical
equipment to perform its function in accordance with
the Qualification Specification.

Qualification Report: documentation of tests, anallses,
operating experience, or any combination of these
performed in accordance with this Standard or the Quali-
fication Specification that demonstrates functionality of

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.

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 by methods 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

envirehmental-dvhamicLstatic/pressure-loadinas—nate
T 4 7 B o)

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.

rial flegradation, etc., for normal operation, abnormal
operption, and design-basis events.

shakp table system: an assembly that is able to induce and
contfol seismic-type motion into a test specimen and
measure the vibratory responses that are to be docu-
menfed.

shalll

shoufd: an expression of a recommendation.

an expression of a requirement.

significant aging mechanism: an aging mechanism that,
unddr normal and abnormal service conditions, causes
degrpdation of equipment that progressively and appre-
ciablly renders the equipment vulnerable to fail to perform
its sqfety function(s) during the design basis event or func-
tion [in accordance with its specification requirements.

test gquipment: active mechanical equipment selected for
quallfication testing.

testy those testing activities conducted to specified
servjice conditions to demonstrate that such active
mechanical equipment can subsequently perform its
intenyded function.

QR-5000 QUALIFICATION PRINCIPLES

THe principles pertinent to activesmechanical equip-
ment qualification are provided jn'the following subarti-
cles| Subarticles QR-5100 and-QR-5200 outline the
fundamental requirements-and approaches for active
mechanical equipment qualification programs. Subarticle
QR-3300 then establishes’the general requirements for
the qualification program.

QR

Tq establish active mechanical equipment qualification,
it shallbe’demonstrated that the active mechanical equip-
ment_can perform its specified required function when

5100 Qualtification Requirement

The pressure boundary integrity and_sgructural
supports of active mechanical equipment shall|be quali-
fied in accordance with the applicable desigh dodes and
standards.

QR-5300 General Requirementsfor a Qualjfication
Program

A qualification program(for active mechanidal equip-
ment shall include the following:
(a) qualification reguirements
(b) aprocesstoidemonstrate that the active mpchanical
equipment satisfies the qualification requirements by
analysis, teSt, experience, or a combination of these
(c) eviderice of successful completion of a qudlification
(d) documentation containing (a) through (¢)
The-requirements to satisfy (a) through (d) ghould 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 supsubarti-
cles.

QR-5310 Aging. Assessment of active mdchanical
equipment shall include an analysis and/or eyaluation
of the active mechanical equipment to determine any
significant aging mechanisms, such as thermal, yadiation,
corrosion, erosion, vibration, aggressive chemidal attack,
or wear. When one or more mechanisms are identified as
significant, the assessment shall be developed s part of
the overall qualification program. When natufal aging
results are used in the qualification program, it may
not be necessary to conduct a detailed analysis qr evalua-
tion to determine significant aging mechanismsg.

Nonmandatory Appendix QR-B provides supplemen-
tary details associated with the qualification of nonme-
tallic parts.

QR-5320 Determination of Qualified Life. Hor active

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

mechanical equipment with significant aging mechanisms,
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
(aging may be natural, artificial, or a combination thereof)

(23)
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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) understanding of significant aging mechanisms 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
equipme
life wheh justified. For example, the qualified life of
active mechanical equipment may be limited by certain
internal{components or appurtenances that have a
shorter dualified 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
mechani¢al equipment may be extended.

QR-GOOI) QUALIFICATION SPECIFICATION
a

The Qualification Specification for active mechanical
equipmepnt shall describe the requirements to be met
to qualify the active mechanical equipment for its
intended application. The Qualification Specification
shall stafe 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 qudlification program. As a minimum, the following
shall be Included in the Qualification Specification:

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

(b) Adtive mechanical equipment,description and
boundarjy, including components that‘are inside the
boundary, and the physical orientation/location of the
active mechanical equipment shall’be specified. Attach-
ments, rhotor power connéction, seals, and control
circuitry [that cross this beundary shall be described.

(c) Ingerface loading$ through attachments of the
active mechanical equipment at the active mechanical
equipment boundary-shall be specified for each operating
mode. In the samé manner, motor power or control signal
inputs, irjcluding 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
active mechanical 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

limiting values of input to, and performance required
from, the equipment under the required operating cpndi-
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 basqd on
the active mechanical equipment’s Qualification Spcifi-
catieh. The qualification program shall include| and
address qualification methods, mandatory requiremients,
aging, qualified life,and acceptance criteria as described in
article QR-5000. The program shall ensure that Qualjfica-
tion Specification and acceptance criteria are properly
addressed as described in article QR-6000. In addjtion,
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 meghan-
ical equipment shall consider potential malfunctiong that
would degrade the required functions as defined in the
Qualification Specification (see article QR-6000).

Components and subassemblies that are not invol
the active mechanical equipment’s function m
excluded from the qualification process if it capn be
shown that their malfunctions have no effect on the speci-

QR-7300 Selection of Qualification Methods

Qualification shall be accomplished by 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, the method selected 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 active mechanical equipment satisfies
qualification requirements if it accounts for significant
aging mechanisms, subjects the active mechanical equip-

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

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,
seisinic, accident (design-basis event), and post-test
inspection when they are included in the Qualification
Specjfication. Sequence of testing and acceptance criteria
shall be established prior to testing.

R-7311 Aging. Significant aging mechanisms shall
be idlentified and accounted for in an aging program
using such methods as cycling, damage due to erosion
or cqrrosion, overstress, and time compression for accel-
erate¢d aging. The aging acceleration rate and basis on
whidh the rate was established shall be described and
justified. If natural aging is used, determination of signif-
ican§ aging mechanisms is not necessary. Components
subjéct to different aging mechanisms of wear or envir-
onmepntal degradation can be separately aged.

R-7312 Dynamic Loading. Qualificatiofiof active
mechanical equipment for dynamic loadings, such as
but pot limited to vibration and seismic loadings,
shoulld consider the requirements and'general approaches
outlined in Nonmandatory Appendix QR-A and IEEE Std
344.[Active mechanical equipment’shall be demonstrated
to b¢ capable of performing-its’ defined function before,
during, or after a design-basis event as specified in the
Qualjfication Specification. If specified, functionality of
equipment during @/dynamic transient event shall use
the rjormal system fluid. Use of an alternative fluid is ac-
ceptable, if justified.

QR-7313 ‘Qualification. Interfaces and interrelation-
shipp between components shall reflect the in-plant

data are available to support the analytical asspmptions
and conclusions reached.

QR-7321 Aging. Aging can be a congern fof metallic
and nonmetallic components. Analysis may be|used for
aging in a supporting capability‘to. simplify qr extend
active mechanical equipmenttqualifications ip special
circumstances.

(a) Analysis may be uséed to eliminate consid¢ration of
environmental stresses or'aging effects that havq an insig-
nificant impact onsactive mechanical equipmgnt func-
tional integrity.

(b) Analysis may be used to extrapolate or dtherwise
account for the effect of active mechanical equipment
design medifications 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 extemd active
mechanical equipment qualification, the analysis shall
consider significant aging mechanisms for the item.
Analysis methods can be used in conjunction with suppor-
tive empirical data to simplify or supplement the festaging
exercise for nonmetallic items.

QR-7322 Dynamic Loading. Active melchanical
equipment qualification for dynamic loadingg, such as
but not limited to vibration and seismic, should|consider
analytical procedures detailed in Nonmandatory
Appendix QR-A, IEEE Std 344, or other acceptablg¢ industry
practices, as documented in the Qualification Heport.

QR-7323 Qualification. The active mechanigal equip-
ment shall be considered to be qualified by analysis if the
active mechanical equipment is demonstrated tp meet or
exceed its specified function for design-basis eyents and
post-design-basis events at the end of its qualifiefl life. The
active mechanical equipment qualified life shall be equal
to the age of the equipment assumed when performing the
design-basis event analysis.

conflgaration—Otherwiseactive-mechanicaleqtipment
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 tested unit prior to undergoing design-basis
event simulation.

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
use of 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

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

shall be donsidered to be qualilied by earthquake experi-
ence if dgmonstrated to be bounded by the body of docu-
mented pquipment performance from facilities that
experienfed natural earthquakes.

QR-7340 Qualification by Similarity. There are many
instanced of active mechanical equipment similar to a type
that was previously qualified, which differs only in size or
in the agsembly or structure. The candidate active
mechani¢al equipment may be qualified by demonstrating
that it is|similar in excitation and physical and dynamic
charactetistics to the previously qualified active mechan-
ical equipment. The validity of this method depends on
demonstrating similarity of the candidate active mechan-
ical equjpment and the previously qualified active
mechani¢al 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
procedufes 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 py analysis may be used in the\gualification
process.

QR-8000 DOCUMENTATION AND CERTIFICATION
REQUIREMENTS

This Aftticle provides the:documentation and certifica-
tion requfrements for uselof this Standard to qualify active
mechani¢al equipmeht-Pocumentation shall demonstrate
that

(a) the¢ qualification requirements are satisfied

(b) the qudlified life is determined and the basis is
establishkd

QR-8200 Qualification Specification

This subarticle provides the requirements for the Quali-
fication Specification (see Sections QDR, QP,'and Q}).
For Sections QDR, QP, and QV, it is the responsibil]ty of
the Owner or Owner’s designee to provide a Qualification
Specification to define the functional performancp re-
quirements for the testing and gualification for the compo-
nent to be qualified. The follawing provides the locatipn of
the requirements for theQualification Specification:
(a) Section QDR, article' QDR-5000
(b) Section QP, articte QP-6000
(c) Section QViarticle 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 thaf are
required to be conducted to meet the requirements of
the Qualification Specification. The following proyides
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 requirenpents
of the Qualification Specification and this Standard| The
following provides the location of the requirements ¢f 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

In addition, any aging processes not treated during
initial qualification but addressed by inservice surveil-
lance monitoring shall be specifically identified. Qualifica-
tion documentation shall be prepared and maintained in
accordance with the Owner’s applicable Quality Assur-
ance Program.

AT Applicationr ReportisTequired todocumnent 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. The Qualification 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

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 accordance with the
requirements of Mandatory Appendix QR-I. These Certi-
fying Engineers are required to be independent of the

articfe QV-6000, as applicable, by one or more Certifying
Engineers competent in the applicable field of design,
testipg, qualification, and related nuclear facility require-
menfs and qualified in accordance with the requirements
of Mpndatory Appendix QR-I.

QR-8620 Certification of the Qualification Report.
The Qualification Report shall be certified to be correct
and fomplete, and to be in compliance with the require-
menfs of QDR-7310, QP-8310, or QV-8310, as applicable,
and the Qualification Specification, as applicable, by one or
mor¢ Certifying Engineers competent in the applicable
field of design, testing, qualification, and related
nucl¢ar facility requirements and qualified in accordance
with| the requirements of Mandatory Appendix QR-I.
Thede Certifying Engineer(s) are required to be indepen-
dentlof the organization preparing the Qualification Spec-
ification.

organization preparing the Qualification specijcation.

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 €ertifying Engineer(s)’
Certification stamp, the Certifysing Engineer($)’ name,
Registration Number, State or“Province of Registration,
and the date of certification{lt shall be signed by the Certi-
fying Engineer(s) certifying the Specification o Report.
Nonmandatory Appendix QR-C provides sample|certifica-
tion statements.

QR-8650_Division of Responsibility. The (ertifying
Engineer(s)certifying the Qualification Report jor Appli-
cation.Report shall not be the same Certifying Enlgineer(s)
wha,certified the Qualification Specification. Thie Qualifi-
cation Report and Application Report may be ceytified 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-lOl)O SCOPE (3) The Certifying Engineer shall be ‘a|Chart¢red,

This A di he mini ) f Registered, or Licensed Engineer for, a country or
s : .pen. 1x presents t e.mmlmum requirements (_)r entity recognized by the Washington Aceord as a full sjgna-
the qualification and the duties of personnel engaged in

i ities. Th ladd d H tory member.’
certificatjon activities. e personnel addresse are those (b) The Certifying Engineer,shall have 4 yr of vried
who perform the following specialty activities:

(a) cettification of the Qualification Specificatio experience, at least 2 yr of which/have been in each speci-
eptication uaitication specitication alty field for which the Certifying Engineer performs ¢erti-

(b) ce t.iff.icat.ion Off t}}:e I(Suall.ificz?tion Report fying or review activities as delineated in QR-1-1130
(c) cettification of the Application Report through QR-I-1150.

cpe e (c) Each Certifying Engineer shall keep current their
- )
QR-I-1100 Qualifications knowledge of they ASME QME-1 Standard requirenjents

This sybarticle presents qualification requirements of and continuectheir professional development in their
personngl engaged in certification activities. specialty field through personal study and experi¢nce,
or by attendance at appropriate courses, seminars| and
technical committee meetings. The Owner or qualification
organization, as applicable, shall review the qualificafions
of the Certifying Engineers at least once every 3 yr to
ensure that their qualifications have been maintajned.
A continuing record of all such activity shall be inclided
in the qualification records of the Certifying Engingers.

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

QR-I-1110 General. One or more Certifying Engineers
shall be delected by the Owner or qualification organiza-
tion, as appplicable, to perform Code activities in the appro-
priate specialized field(s), provided the qualifications of
the Certifying Engineer(s) in meeting the requirements of
this Appéndix have been evaluated and verified by, the
Owner dr qualification organization, as applicable,
responsible for the activity being certified or(fewiewed.
A recorjd of the qualification of the Certifying
Engineer(s) shall be maintained by the responsible orga-
nization pr the Certifying Engineer(s), 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 Enginer(s)

QR-I-1120 Registration and Experience. This section
provides|the Registration and EXpérience requirements
for the Cprtifying Engineer,

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

(1) [he Certifying’Engineer shall be a Registered
Professional Engineer in at least one state of the
United States er\province of Canada.

(2) [The Certlfylng Engmeer shall be a Chartered,
Registergd
the following:

(-a) IPEA, International Professional Engineers

quallflcatlon criteria pertinent to the applicable ASME
QME-1 Standard item.

Agreement’
(-b) APEC, Asia Pacific Economic Cooperation® QR-I-1140 Certification of the Qualification Report.
(-c) FEANI, European Federation of National Engi- To qualify as certifier of the Qualification Report, the Certi-
neering Associations’ 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
1See article QR-3210

10
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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 the Application Report, the Certifying
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 or more spec1f1c appllcatlons in nuclear facil-

irements of the ASME QME 1 Standard related to
ihg and qualification of the item under review.

-1200 Duties

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

QR-1-1210 General. The certification activities covered
in thjs Appendix may be performed only if the Certifying
Engiheer(s) have assured themselves that they are qual-
ifiedto do so by virtue of self-review establishing that their
qualffications meet those required by this Appendix. They
shall|be familiar with the quality assurance requirements
of the organization responsible for providing the docu-
men s as these requirements relate to their work. For
certification activities, the document being certified
musft 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-1-1220 Certification of the Qualification Specifi-
cation. It is the responsibility of the Certifying Engi-
neer(s) certifying the Qualification Specification
(Sections QDR, QP, and QV) to ensure that the Qualification
Specification is correct, complete, and in compliance with
the requirements of the applicable articles and edition of
the ASME QME-1 Standard.

QR -1-1230 Certlf' cation of the Quallf' catlon Report It
er(s) certi-
fymg the Qualification Report to ensure,that the
testing and qualification of the item comply|with the re-
quirements of the applicable articles and editipn of the
ASME QME-1 Standard for the design o« service,[loadings,
operating conditions, and test loadings that hpve been
specified in the Qualification Specification.

QR-1-1240 Certification’of the Application Rgport. Itis
the responsibility of the Certifying Engineer(s) ¢ertifying
the Application Repo¥tto ensure application of the item
complies with theresults of the testing and qualifjcation as
described in the(Qualification Report and that the Appli-
cation Reportcomplies with the requirements ¢f the ap-
plicable articles and edition of the ASME QME-1 $tandard.

QR-I-1300 References

The organizations identified in QR-I-1120 and
references are provided in article QR-3000.

all other

11
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Nonmandatory Appendix QR-A
Seismic Qualification of Active Mechanical Equipment

QR-A-ICIOO SCOPE

This Appendix applies to active mechanical equipment
in nucleaf facilities that must be qualified to function when
subjected to earthquake (seismic) loads.

QR-A-2000 PURPOSE

The purpose of this Appendix is to provide the require-
ments arld recommended practices to demonstrate that
active mgchanical equipmentin nuclear facilities can func-
tion duriphg or following a design-basis earthquake.

QR-A-3000 REFERENCES

The references are as listed in article QR-3000.

QR-A-4000 DEFINITIONS

The definitions below establish the meanings of words
in the corftext of their use in this Appendix. The definitions
in Section QR are also applicable for use in this Appendix:

acceleratjon design value (ADV): acceleration valug/that
may be fised as an alternative response spectrirm or
time hidtory to define seismic input for de’sign of
active mechanical equipment.

assembly| two or more connected comp@nénts that may be
qualified|as a unit.

attachmdnt: an item that is appended to a device, compo-
nent, or issembly.

broadband response spectfum: a response spectrum that
describeg motion in which amplified response occurs over
a wide (broad) range. ef frequencies.

coherencg: the coherence function defines a comparative
relationghip /between two time histories. It provides a
statisticpl{estimate of how much two motions are

cutoff frequency: the frequency in the response speefrum
where the zero period acceleration (ZPA) @symjptote
essentially begins. This is the frequency,beyond which
the single-degree-of-freedom oscillators*exhibit [very
little or no amplification of motionzand indicate$ the
upper limit of the frequency content of the waveform
being analyzed.

cycle: one complete sequence\of values of an alternpting
quantity.

damping: a generic name ascribed to the energy disfipa-
tion mechanisms ,or“small, otherwise unrepresented
nonlinearitie§ that reduce the amplification|and
broaden the vibratory response in the region of resonfnce.
One-hundred percent critical damping is defined ap the
least amount of equivalent viscous damping |that
causes‘a single-degree-of-freedom system to retufn to
its original position without oscillation after initial distur-
bance.

device: an item that is used in connection with, or &s an
auxiliary to, other items of equipment on which it may be
mounted.

earthquake experience spectrum (EES): the earthqyake-
based response spectrum that defines the seismic cappcity
of a reference equipment class.

effective mass: the mass of the structure or equipment that
participates in determining the dynamic response df the
structure or equipment.

effective mass ratio: the ratio of the effective mass copsid-
ered in the response to the total effective mass fof the
equipment or structure.

equivalent static load: an equivalent statically appliedload
or acceleration based on a function of the peak of thp ap-
plicable response spectrum that may be used as an glter-
native to response spectrum or time history to dgfine

related as—afurnctiomroffrequency— e ummrericat
range is from 0, 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.

sersmic Iput for design of active mechanical equipment.

flexible equipment: active mechanical equipmentincluding
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 domain wave-
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 peaipmentcan-withstand-and-still performthe !
fied functions (note that the fragility level may include the

tics that define an acceptable range of equipment physical
charpcteristics, dynamic characteristics, and functions for
ensufring seismic ruggedness and defining the bounds of
actie mechanical equipment included in a reference
equipment class (see QR-A-7421).

independent items: items of equipment that have different
phydical characteristics or experience different seismic
motipn characteristics, e.g., different earthquakes, sites,
buildings, or orientations/locations in the same building.
in-li
equi
systg
load|path: structural path necessary to transmit the
seismic forces from the active mechanical équipment
centé¢rs of mass through to the anchorageg.

e active mechanical equipment: active mechanical
pment whose loads are caused by the distributioft
m in which it is installed.

low-gycle fatigue: a progressive fracture-or cumulative
fatighe damage of the material that\may be inflicted by
fewqr than 1,000 cycles of load jbecause of localized
stregs concentration at highrstrains under fluctuating
loads.

mass
mass
patiy

ratio: the ratio of the’active mechanical equipment
(secondary) to-the'building mass (primary) partici-
g in the response.

median-centered in-structure response spectrum: in-struc-
ture| respohs€ spectrum developed using realistic
damping-and best estimate modeling parameters to
obtajn\the most probable structural amplification that

octave: the interval between two frequencies that have a
frequency ratio of 2.

power spectral density (PSD): the mean squared amplitude
per unit frequency of a waveform. PSD is expressed in
g°/Hz versus frequency for acceleration waveforms. In
this definition, g represents the acceleration due to
gravity, i.e, 1 g = 32.2 ft/sec? (9.8 m/s?).

prohibited features: design details, materials, construction
eaturesor-installation-characteristics-that-have resulted
in seismic-induced failure or malfunctiompf active
mechanical equipment at earthquake excitatigns up to
and including the defined seismic capacity levgl.

qualification life: see definition in/Section QR.

reference equipment class: a greup of active mpchanical
equipment sharing common attributes as defined by a
set of inclusion rules and‘prohibited features.

reference site: a site gontdining active mechanidal equip-
ment or items used t¢ establish a reference equipment
class.

required input/imotion (RIM): the input motion ir] terms of
acceleration,/ velocity, or displacement expregsed as a
function of frequency, for which the active mechanical
equipment or component is qualified for its adceptance

criteria.

required response spectrum (RRS): the response
issued by the Owner or his designee as part of
ification for seismically qualifying active mg
equipment. The RRS constitutes a requiremsg
met in qualifying active mechanical equipment

Epectrum
the spec-
chanical
nt to be

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 resp
function of oscillator frequency, of an array
degree-of-freedom (SDOF) damped oscillators
to the same base excitation.

nse, as a
f single-
ubjected

rigid equipment: active mechanical equipment,
the effects of the active mechanical equipment
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.

ncluding
supports,

ruggedness: ability of active mechanical equipment to
maintain its structural integrity and perform its|specified

couldrealistically occur for the Ievel of the specified earth-
quake ground motion.

narrow band response spectrum: a response spectrum that
describes motion in which amplified response occurs over
a limited (narrow) range of frequencies.

natural frequency: the frequency or frequencies at which 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.

13

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.

sine beats: 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 garry-apph aithin et
able strufctural behavior.

structuref a combination of physical members that makes
anitem, such asabuilding or support, designed to sustaina
load.

system: gn assembly or grouping of active mechanical
equipment that performs a specific facility function.

test respdnse 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
frequendy response function that defines the dynamic
charactefistics of a constant-parameter linear system.
For an ideal system, the transfer function is the ratio
of the Fpurier transform of the output to that of a
given input. The output/input ratio function versus
frequency is called a transmissibility function.

zero peripd acceleration (ZPA): the high-frequency accel-
eration l¢vel of the nonamplified portion of the response
spectruni is referred to as zero period acceleration (ZPA):
This accdleration corresponds to the maximum accelera-
tion amplitude of the time history used to derive thé spec-
trum.

QR-A-5000 EARTHQUAKE ENVIRONMENT AND
EQUIPMENT RESPONSE

ticle provides background jon earthquake beha-
methods for simulating seismic events.

This A
vior and

QR-A-51
Earthd

00 Earthquake Environment

uakes produce six-degree-of-freedom (three

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 active mechanical equipment. For any
given ground motion, the alteration depends on the
system’s natural frequencies of vibration (soil, equipment
support, and equipment) and the mechanisms of damping
3 R ati ’ GHHPA and—foundgtion.
The response spectra, which describe ground.mgtion,
are typically broadbanded, indicating thatsmultiple
frequency excitation predominates.

QR-A-5300 Active Mechanical Equipment on
Structures

The ground motion (horizental and vertical) mdy be
filtered by intervening building structures to produce
either amplified or attenfiated narrow band motions
within the structure¢.The dynamic response of aftive
mechanical equipment on structures may be fugther
amplified or atteruated to an acceleration level thany
times more of} in some instances, less than that of the
maximum grouind acceleration, depending on the sfruc-
ture and equipment damping, effective mass rgtios,
and natural frequencies. The narrow band response[indi-
catesthat single frequency excitation of active mechahnical
equipment subcomponents can predominate.

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

Similar filtering of in-structure motion may occpr in
flexible distribution (piping and ducting) systems| For
components mounted away from system supportd, the
resultant motion may be predominantly single frequency
in nature and centered near or at the local resonjance
frequency of the distribution (piping) system. This feso-
nance condition may produce the most critical seismic
load on components mounted in the system line. Mass
ratio effects or dynamic coupling, which typigally
reduces the response of the in-line equipment, is ¢ften
conservatively neglected. The seismic input motions

translatjonal and ‘three rotational) random ground for components mounted on flexible systems mdy be
motions. [These motions, for design purposes, are charac- defined in terms of required input motion (RIM). In addi-
terized By simultaneous but statistically independent  tjon to inertia effects, the potential for relative mtion
compongnts, two horizontal and one vertical. The between a distribution system and its supporting building

strong-motion portion of the earthquake normally 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.

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

14
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a material 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.

actiye mechanical equipment and its supports or
restraints and the high-frequency rattling of valves
subjé¢ct 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

The goal of seismic simulation is to reproduce the postu-
lated earthquake environment in a realistic manner that is
amenable for use in active mechanical equipment quali-
ficatjon. The form of the simulated seismic input used for
quallfication of equipment by analysis or testing may be
descfribed 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
the Qwner or designee to the manufacturer as a partof the
Seistic Qualification Specification (SQS) for that equip-
ment, or it is generated by the manufacturer to generically
covef future applications.

Bdcause of the directional nature of seismic motion, as
well fas the filtered response motion ofstructures and in-
line $ystems on which active mechanical equipment may
be mpunted, the directional components of the motion and
theirjapplication to the actiyemeéchanical equipment shall
be specified. Active mechanical equipment can be
moupted at varying lacations. In addition, the mounting
or anchorage of thefactive mechanical equipment can
affedt the seismic kesponse of the active mechanical equip-
menf. In generation of the postulated earthquake environ-
ment, theSevfactors should be considered and
incoyporated as required.

Q ) G Do ire no Aotion i i
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).
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QR-A-5620 Response Spectrum. The response spec- (23)

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:
he excita-
tion that produced it

(b) the duration of motion (this shall\be"giy
rately in the SQS)

(c) the response of any particular active m
equipment during a test

The application of different waveforms shall
requirements of IEEE Std/344 (see article QR-

QR-A-5630 Time History. The expected fo1
motion is generallytebtained from existing or
generated earthquake records. It may also be generated
such that its response spectrum will essentially match a
given respetise spectrum. For application at anyffloor, the
time history record generated includes the [dynamic
filtering.and amplification effects of the building and
otheék 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 frequercy.

Although, unlike the time history, the PSD fundtion 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 af a glance
from one curve. If only one time history is used tp match a
givenrequired response spectrum, the PSD shoulld be used
to ensure proper frequency content of the timg¢ history.

QR-A-5640 Acceleration or Equivalent Static Load
Design Values. Components or active mechanidal equip-
ment may be qualified analytically by applying s limiting
acceleration design value (ADV) to the mass digtribution
of the component or equipment in order to determine
limiting equivalent static forces in all three oifthogonal

en sepa-
bchanical

meet the
000).

m of the
rtificially

shown to be rigid. A coefficient of 1.5 times these peak
values is often used to account for multimode and multiple
frequency response. However, values less than 1.5 may be
used if justified (see article QR-3000).
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Table QR-A-6210-1
Damping Values: Percent of Critical Damping

Earthquake Magnitude
Safe Shutdown

Structure or Operating Basis

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.

Component Earthquake Earthquake
Equipment 2 3
Piping systems 5 5
Welded steel 2 4
structures

Bolted stegl 4 7
structurgs

QR-A-6000 SEISMIC QUALIFICATION

REQUIREMENTS

The sefismic qualification of active mechanical equip-
ment should demonstrate the ability of the active mechan-
ical equipment to perform its specified function during
and/or after the time it is subjected to the earthquake
loadings flefined in the Seismic Qualification Specification.
The most commonly used methods for seismic qualifica-
tion of adtive mechanical equipment are described in this
Appendiy. The methods are grouped into the following five
general dategories:

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

(b) tedt the active mechanical equipment under simu-
lated seigmic conditions

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

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

(e) pefform evaluations of the active mé&chanical equip-
ment by fombined analysis, test, and/orexperience data

Each ofthe preceding methods may be used to verify the
ability of the active mechanical~equipment to meet the
seismic qualification requirements. The choice should
be basedl on the practieality of the method for the
type, siz¢, shape, and complexity of the equipment; the
available|database; whether the required safety function
can be aspessed in'terms of structural integrity alone; and
the relialjility of the’conclusions. When the specified func-
tions of ctive~mechanical equipment require a demon-
stration |of/functionality during the earthquake, the

QR-A-6200 Damping

QR-A-6210 Introduction. Damping is the generic ferm
ascribed to the numerous energy dissipation mecharfisms
in a system. In practice, damping depends on many pa-
rameters, such as the structural systéemy'modes of vjbra-
tion, strain levels, velocity, materialproperties, and [joint
slippage. In linear vibration/theory, the simplifying
assumption is made that damping is purely viscoiis or
proportional to the relative velocity of moving parts.
Therefore, when a value of damping is associated |with
a practical system, itds‘usually assumed to be equivhlent
viscous or linear. This is a convenient way of relating|real-
world hardware behavior, which is usually nonlinepr to
some degree, with theoretical concepts, which normally
use linear miethods of analysis.

Forcactive mechanical equipment composed
assembly of components, there is usually no single
damping value. Damping is associated with typgs of
connections used, ranging from bolted to welded
construction, and is strongly affected by boundary c¢ndi-
tions, including gaps and joint slippage. The valijie of
damping may vary from place to place dependir]]lg 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 strudtural
damping be used in active mechanical equipment duali-
fication, rather than some lower bound value. I} the
absence of specific damping criteria, the values contdined
in Table QR-A-6210-1 should be used for response $pec-
trum modal analysis.

Since each mode of vibration of a structure can| and
often does, have a different value of damping as a funftion
of modal mass and stiffness, a useful practice in analyfsis is

f an

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.
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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
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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-

motipn. In all cases, care should be exercised to determine
whether damping nonlinearity with responses amplitude
is significant.

R-A-6221 Damping by Measuring the Decay Rate.
The lequivalent viscous damping can be calculated by
recofding the decay rate of the particular mode of vibra-
tion.[This procedure is often referred to as the logarithmic
decr¢gment method.

R-A-6222 Damping by Measuring the Half-Power
Bandwidth. The active mechanical equipment is typically
d with a slow sine sweep test. The response of any
desited location in the equipment is measured and plotted
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-Fitting Methods. The
activie mechanical equipment is typically ‘excited by swept
sine) random, or transient excitation, and a response
trangfer function is developed. Fhe modal damping to
the dctual frequency is obtained by fitting a mathematical
model to the actual frequency response data (transfer
funcfion). This curvedfitting will smooth out any noise
or sIall experimental-errors.

Q
dam
able
Da
acti
in QR-A-6231 and QR-A-6232.

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

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 active mechanical equipment to enable the response
to be accurately predicted. An alternative approach is to
use a conservative value of linear damping, such as shown
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in Table QR-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.

[tisreasonable 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

between components, or Coulomb-type sliding friction.
For analytical purposes, these energy) disjsipation
damping mechanisms may often be treated in|terms of
linear damping approximations if’proper consjderation
is given to the fact that these apptoximations vafy, some-
times significantly, with incneasing responge. As an
example, the use of low-inipedance testing to determine
damping shall be exercised”with caution since pt strong
motion shaking, indicative of significant earthqyakes, the
aforementioned factors may cause the real damping to be
quite different from and higher than that measuyed at low
levels.

Generally/ most treatment of structural |systems
assumes viscous damping; however, certain capinets or
housings may exhibit nonviscous damping. The reatment

ofrsuch a problem is analytically complex and shall be
performed using appropriate techniques.
QR-A-6232 The Application of Damping irn| 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 (HRS). The
response spectrum defines the seismic motion by way
of the peak response of an array of single-dggree-of-
freedom damped oscillators. Since the oscillators are
hypothetical, any practical value of damping (le.g., 5%)
may be employed in the RRS for testing, ang it need
not correspond to the actual active mechanical equipment
damping. (Note the distinction from the use of the RRS in
analysis, where the value of damping shall be related to the
actual active mechanical equipment.) The appljcation 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 dg
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 the RRS and the criteriain QR-A-7200 are 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

mping in
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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-
tion of active mechanical equipmentis the RRSas provided
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 m¢chanical equipment. For in-line active mechan-
ical equipment qualified in accordance with QR-A-7400,
the RRS |s typically the building filtered response spec-
trum at fhe distribution system support attachments to
the buildjing.

QR-A-6400 Required Input Motion

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

The input to a distribution system is typically a random
excitatioh with broad frequency content. The dynamic
charactefistics of the system amplify the excitation at
the systém resonance frequencies and suppress the
other frequencies. The maximum response occurs at
the predpminant distribution system frequencies.

A method that meets the above seismic input simulation
criteria fpr active mechanical equipment mounted in-the
distributfon system is either a sine beat test or arelatively
short-duration sine dwell test at several frequencies. The
minimum peak test amplitude shall be that ‘which the
distributfon system is expected to experience.

A seriep of continuous sine beats on(sinusoids at varying
amplitudes as defined by the RIM is recommended for
qualification by test. To ensure the €xcitation of all predo-
minant rlesonance frequencies, the sine beats shall be
applied gt one-third-octave-intervals over the frequency
range of 1 Hz to 33 Hz. Fhé testamplitude shall correspond
to the leyels specified-for response of the distribution
system. This amplitude shall be independent of direction.
Hence, single-axis' excitation is permitted, with the axes
correspdnding’ to the apparent most critical direction
of the active_mechanical equipment

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

: el i al-a ieal-direetions—Resyltant
limiting stresses, deflections, and reactions are cgmljined
with other applicable load phenomena and evdlyated
against the applicable acceptance criteria to'demonsgrate
design adequacy. The ADV are determined as a functipn of
the peak of the applicable required response spectrym or
from the ZPA of the required responsespectrum if rigidity
can be demonstrated. The responsé spectral peak yalue
should be multiplied by a suitable‘coefficient that accqunts
for the potential effects ofthigher modes or incompldte or
missing modes associated with static versus dynpmic
mode shapes. For activemechanical equipment suppg¢rted
at more than two¢oirits, a coefficient of 1.5 shall be jused
unless adequaté justification for alower value is provjded.

QR-A-6600- Differential Support Motion

In addition to the inertial loading developed from
seismic accelerations, other loads may be induceld on
active mechanical equipment supported at twlo or
more points that are undergoing relative supjport
motion associated with the motion of the suppofting
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 sugport
motions are usually negligible and have little effect oh the
seismic-induced forces on equipment. Therefore, diff¢ren-
tial support motions are not normally considered in the
seismic evaluation of active mechanical equipment, except
for active mechanical equipment or a component that is
supported at three or more points on the same strudture,
at two or more points on different structures, or betyveen
in-line components and the supporting structure. In these
cases, the active mechanical equipment qualification|shall
consider the effects of differential support motion

QR-A-6610 Evaluation for Differential Suplport
Motions. The maximum relative support displacements

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 described, unless the RIM has been
conservatively established with regard to the RRS.

18

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

Zg= Zog/w®

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

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-

method.

F{1r in-line components (e.g., valves) supported by both
the line and primary structure, relative displacements
shalll be determined by the absolute sum method.

QR-A-6700 Loads to Be Considered in

Qualification

THeloads to be considered in the seismic qualification of
activie mechanical equipment are defined in the Qualifica-
tion Ppecification. They shall be made part of the Seismic
Qualffication Specification required to seismically qualify
the required function or performance of the active
mechanical equipment.

QR

QR-A-6810 Fatigue. Equipment qualification for
multjple seismic events of lower levels than the required
resppnse spectrum, such as five OBEs, is achieved when
applying the methods of this Appendix to the evaluation gf
the pingle enveloping required response spectrum,
proviided the equipment is shown to have no credible
low{cycle fatigue failure modes considering the
numper of specified earthquake cycles. For*applications
that|involve fatigue-sensitive features, supplementary
analysis is required.

Sefismic loads, being vibratory in“nature, give rise to
cyclif loading of components; hénge, there is a potential
for fatigue-type failures. However, the number of
maxjmum stress cycles from a given earthquake is
limited. This Appendix assumes for ASME Class 1 compo-
nentp that there are 60full-stress cycles during the facility
life. This cyclic input assumes the potential of five OBEs or
aftershocks and-ene SSE.

Other cycli¢’Joads induced on the mechanical equip-
menf by, valve operation, equipment start or stop, flow,
or rptating equipment vibration and temperature
ranges-shal-be—considered—in—evaluating—the—overa
fatigue life of the component or otherwise be limited
to such alow magnitude that they do not exceed the endur-
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 is possible, itis recommended
that such materials be qualified by separate tests or the

\-6800 Fatigue and Aging Considerations
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tionality for the life of the equipment.

QR-A-6900 Installation of Active Mechar
Equipment in the Nuclear Fa

It is the responsibility of the Owneér or his de
ensure that the method uséd-to support t}
mechanical equipment when installed in the
consistent with the supportmethod used inthe e
qualification and meéts)the facility design-basis
ments.

QR-A-7000.QUALIFICATION METHODS

The following five methods may be applie
seismic\qualification of active mechanical equi

(a)-qualification by analysis

tb) qualification by testing

(c) qualification by similarity

(d) qualification by earthquake experience d

(e) qualification by a combination of th
methods

QR-A-7100 Qualification by Analysis

QR-A-7110 Introduction. Analytical proced
summarized and referenced in this subartic
may be used to demonstrate that active mechani
ment meets the specified structural integrity and
ality requirements during and/or folloy
earthquake loadings defined in the Seismic Qu3
Specification (see QR-A-8200). Analysis without
earthquake experience data is acceptable only if g

ical

Cility

signee to
e active
Facility is
juipment
require-

 for the
bment:

ata
e above

ures are
e, which
Fal equip-
function-
Fing the
lification
festing or
tructural

integrity as defined in article QR-A-4000 can e

nsure the

design-intended function. Functionality analysisfis limited
to applications that can be quantified in terms offa param-

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
functiongIity 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 HYetween 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 strength margin of the active mechanical equip-
ment, sinlce the static coefficient method, while easier and
more economical to perform, is generally more conserva-
tive.

The mpthematical models used for analysis shall be
based o] structural parameters that are calculated or
on parameters established by test or a combination of
these. THey shall also represent the stiffness properties
and bourfdary conditions of the active mechanical equip-
ment. Thle model shall be sufficiently refined to ensure
mathemdtical representation of all significant modes of
vibratioh and allow the evaluation of all pertinent
failure mpdes. This shall entail sufficient detail to illustrate
relative rhotion of key points, coupling, load transfer, etc.
All significant active mechanical equipment thatinterfaces
with otler equipment, components, assemblies,*or
systems|shall be considered. These interfaces-shall
include all significant eccentricity- and torsion-preducing
phenomgna, such as the effects of active mechanical equip-
ment attachments.

The boundary condition of the mathematical model and
its interface with other equipment and systems shall be
effectively coordinated with the characterization of the
seismicigput. If not previously.considered in the load defi-
nition, the mathematical model shall incorporate the
effects of active mechanical equipment mounting and
location (floor, wall, etc.), intervening elements and struc-
tures (sypports, platforms, etc.), intervening systems
(pipe, duft, etc.)pdifferential support motion as discussed
in QR-A-p600,"and excitation from other sources. The
damping| whieh is used in the analysis, shall be provided
in the Setsmie—Quatiffeatton—SpectHieation:

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-
ments of the active mechanical equipment, including oper-
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
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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 in which all safety-related strength,
displacement, and functionality features can be effectively
modeled and evaluated by analysis.

NR_A NN

QR-A-7121 Introduction. The active méc¢hahical
equipment and supports shall be modeled tojadequptely
represent their mass distribution and stiffness character-
istics. This model may be used to perform‘a modal (e|gen-
value) analysis to determine the.active mechapical
equipment’s dynamic charactetistics (frequency| and
mode shapes). Alternatively, @n incremented timeistep
solution of the equations of moetion may be used to deter-
mine dynamic response.The'time-step integration pfoce-
dure, while relatively. costly, has the ability for djirect
determination of ‘multiple independent support
motions and nonlinear response.

QR-A-7122 Response Spectrum. The response $pec-
trum analysis allows the response of interest (deforma-
tions, deflections, rotations, loads, stresses, strains| and
initiation or loss of contact at interface) to be deternjined
by, combining all significant modes of vibrations. A fuffi-
cient number of modes shall be included to ensuge an
adequate representation of the equipment dynpmic
response and reaction forces at supports. An accepfable
criterion for adequacy is that the inclusion of additjonal
modes does notresultin more than a 10% increase injtotal
response. The response is determined by combiningleach
modal response by the square-root-of-the-sum-offthe-
squares (SRSS) criterion, except where closely splaced
modes are encountered. Closely spaced modes shdll be
appropriately considered in the response evaluation.
Closely spaced modes are those with frequencies differing
by 10% or less of the next lower frequency.

QR-A-7123 Time Histories. When three compoients
of the statistically independent time histories are Lput
simultaneously for a time history analysis, the respgnses
may be combined algebraically at each time increment. To
ensure statistical independence, artificially generjated
time histories should have coherence values of|less

an U.5 when computed with at leas 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 Acceptance Criteria. Acceptance criteriato
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 acti i i iteri

-7200 Qualification by Testing

QR-A-7210 Introduction. Seismic qualification by
testipg requires that the active mechanical equipment
be shibjected to a simulated earthquake motion that is
antidipated to occur at the active mechanical equipment
moupting. The test shall demonstrate that the active
mec{lanical equipment will perform its specified function
during and/or after the seismic event. The nature of the
simylated motion can vary significantly, depending on
whether the active mechanical equipmentis to be installed
at ground level or at some floor level within a building
strugture. Procedures necessary to carry out such tests
with| a reasonable degree of conservatism are in most
casep quite complex. Detailed guidelines for typical
seisrhic (earthquake) test procedures for electrical equip=
menf are provided in IEEE Std 344. Since those guidelines
are 3pplicable 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 pf IEEE Std 344, so Section 7.0 of that document
shall| provide the detailed requirements for qualification
of acfive mechanical equipment by testing, exceptas modi-
fied py this Standard in QR-A-7240. Only some general
statgments will be included herein, for the sake of conti-
nuity.

QR-A-7220 Types of\Tests

QR-A-7221 Exploratory Tests. Exploratory tests
consjst of the,measurements of active mechanical equip-
menf dynamiccharacteristics by some form of modal iden-
tificdtion-procedures. The active mechanical equipment is

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 for qualification directly and do not serve as the basis
for even partial seismic qualification, but their results may
be used in further development of procedures or in justi-
fication for qualification tests, or these results may be part
of a combined analysis experience and test approach, as
described in QR-A-7600.

pated from the specified SSE. Thte simulated motion
usually is required to demonstrate'that the testresponse
spectrum (TRS) conservatively envelops the [required
response spectrum (RRS);<which was generatgd 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 speeified function during and/or |after the
simulated 8SE+event.

QR-A-7223 Fragility Tests. Fragility fests are
conducted to determine the peak amplitude level of a
specified excitation waveform for which the active
fmechanical equipment can perform its specified|function.
A sequence of test runs is performed with irjcreasing
amplitudes of the specified waveform until mglfunction
is observed in the active mechanical equipmept. When
the specified motion is compared with that arfticipated
for the SSE at the active mechanical equipment rpounting,
a measure of margin is established.

In addition to the response spectrum type|of input
loading, in-line active mechanical equipment may be qual-
ified by required input motion (RIM) testing as dlescribed
in IEEE Std 382.

QR-A-7230 General Approach to Testing

QR-A-7231 Preliminary Tests. Exploratpry tests
described in QR-A-7221 are usually performed prior to
conduct of the actual qualification test or qudlification
by a combination of testing and other methods. (ther pre-
liminary tests, such as thermal or operational agipg, or any
other required environmental test shall be p¢rformed

mouted-ih a close simulation of that anticipated in the  prior to the seismic test. This sequence ensyires that
field.~Ffreactive ectamica equipTent 1S IIStrunentet— the active mechanical equIpment 15 1n 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
seismic motion shall be noted when simulated waveforms
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

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

level for §ome duration, and which then decays to a negi-
gible valje.

(b) Approximately stationary random motion occurs
during tHe strong motion. It is this part of the excitation
that causps most damage to active mechanical equipment.
It shall b¢ sustained a minimum of the longer of 15 sec or
the durafion of strong motion during a qualification test.

(c) Frgquency content of the required motion and
actual tept motion is indicated by the amplified region
of a resppnse spectrum. Thus, a test response spectrum
shall clodely envelop the required response spectrum to
ensure pfoper frequency content.

(d) Stdtionarity of the waveform during the simulated
strong mption 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 statist]cal independence. This is determined by exam-
ining th¢ coherence or cross correlation between the
waveforths for different axes.

Testwaveforms that have the above characteristics may
be generpted by superimposing a variety of componént
signals, $uch as sine dwells, sine beats, narrowband,
and broadband random signals.

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

QR-A-7240 Acceptance Criteria. Acceptance criteria
for seismjic testsShiall be based on the functional require-
ments for the-individual item of active mechanical equip-
ment. Ac¢eptable ranges for performance variations shall

version. Furthermore, it may be shown that theyaftive
mechanical equipment to be qualified is simildr to
another that has experienced actual docunmiénted eprth-
quake conditions. Qualification by combined tes and
analysis applies in these situations.

QR-A-7310 Test Method. A fulltest program, as
described in QR-A-7200, and/preliminary explorgtory
tests (resonance search), assdéscribed in QR-A-7221,
are conducted on a typicalypiece of active mechahpical
equipment. Data on modal frequencies, damping) and
responses throughout;the active mechanical equipjnent
shall be taken andrecorded.

QR-A-7320_Analysis. When it can be shown thjt no
resonances.exist in the frequency range of the amplified
response,-the active mechanical equipment maly be
analyZed as rigid active mechanical equipment. WHen a
resonance search is used, assurance should be obtdined
that adequate test methodologies are followed to Verify
the absence of resonant frequencies. In addition, apsur-
ance should be obtained that changes from the origipally
tested active mechanical equipment did not result ip the
formation of previously nonexistent resonances. Thigmay
be done by simple testing or analysis.

When the active mechanical equipment is not rigiq, the
effects of the changes shall be analyzed using the tefhni-
ques in QR-A-7100 or other justifiable means. For|very
complex active mechanical equipment, this requires $uffi-
cient knowledge of the active mechanical equipmept to
include the significant structural parameters to ernable
the responses at all points of interest to be calculated.

The test results combined with the preceding andlysis
allow the model of similar active mechanical equipmgnt to

equipment. The result is a verified analytical model that

further be-evaltatedintightof the-conseqtencesofthese
variations on the specified function of that equipment and
any other with which it may interact. Such interactions
with other active mechanical 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

22

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. Similarity of excitation consti-
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

tical|but are justifiable. For example, estimates may be
based on measurements elsewhere on the structure or
on ofther 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, excitations whose spectral content is
significantly different may be used to generate lower-level
composite estimates, provided that an account is taken of
possjble multiaxis response, cross-axis coupling, or both.
Justification for such approximations shall consider all
modes of the active mechanical equipment response
that pre significant in determining its structural integrity
and functionality. A sufficient justification is that active
mechanical equipment is stressed, excited, or both to
at ldast as high a level by each of the component
specfra used to create the lower-level composite spectrum
estimate.

THe qualification shall account for the fatigue effects of
expgsure to the required normal and abnormal condi-
tion§, such as normal operating vibratiods’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
conflguration of the new_active mechanical equipment
to bg qualified. For aycomplete assembly, similarity
may|be demonstrated through comparison of make,
model, and serial ' numbers, and consideration of
dyngmic response characteristics and construction.

Sipnilarity.of dynamic response characteristics may be
established:by comparing the physical parameters of the
actiyevmechanical equipment. This may be done by
compating-the-predominant-resonantfrequenecies—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) active mechanical 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-
the item
used for similarity.

QR-A-7333 Function. Active mechanjcal equipment
being qualified may be required to perform a safety func-
tion during and/or after an earthquake. The requjred func-
tion during the earthquake mayornmay not, be thee same as
after the earthquake. Therefore;jfor each qualification, the
required function shall bedefined during and/oy after the
earthquake. The available‘qualification data shall provide
documented evidenee-to support the demonsfration of
proper functionality, as defined, for each application.
Where an activefunction, or absence of a spuripus func-
tion, is required during the earthquake, the pvailable
qualification data shall provide sound evidgnce that
the candidate active mechanical equipmlent will
perform as required in the system for which if 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 perfprmance
involves five steps that are covered in the followihg subsu-
barticles:

(a) characterization of earthquake motipns by a
response spectrum

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

(c) characterization of the reference active mpchanical
equipment class

(d) qualification of the candidate active m¢chanical
equipment by comparison with the referenge active

E€SS

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 o
free field ground motion for a reference site more
distant than two structural diameters from the recording
location ¢r where there are no nearby recorded data may
be made] provided that the estimates are conservatively
derived gnd justified. To make the ground motion esti-
mates fof these two cases, multiple attenuation relation-
ships deyeloped using strong-motion recordings from
earthqupkes with similar tectonic environments,
crustal ppoperties, and seismological parameters are to
be used.|The range of parameters used to develop the
attenuatjon relationship shall encompass those of the
reference site and earthquake. The appropriate level of
conservptism is the average of the 5% critically
damped|response spectrum estimate obtained from
each attgnuation relationship.

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

(d) Thie free field motion shall be considered an esti-
mate of he seismic excitation experienced by the active
mechani¢al equipment at the reference site.

QR-A-7412 Experience-Based Seismic Capacity. The
earthquake experience spectrum (EES) is a response spec-
trum that defines the seismic capacity of areference active
mechanical equipment class. The~EES shall be the
weightedl average of the spectrum dt each reference
site. The| weight factor as proyided below shall be the
ratio ofte number ofindependent items at each reference
site to th¢ total number ofiindépendent items at all refer-
ence sitep.

Z NnAn,i

ABESi = — @ ——

ZNﬂ

QR-A-7420 Characterization of the Reference Active
Mechanical Equipment Class. A reference active mechan-
ical equipment class is a group of active mechanical equip-
ment that shares a range of physical, operational, and
dynamic characteristics whose performance in earth-
quakes has been documented. The attributes of the
active mechanical equipment that constitute the reference
active mechanical equipment class shall be defined such
that those features important to seismic ruggedness can

€ ensured, and any selsmic vulnerabilities can be Jden-
tified and precluded in the candidate active mechahnical
equipment. These active mechanical equipment Tugged-
ness and vulnerability attributes of the referénce active
mechanical equipment class shall besdefined in terms
of inclusion rules and prohibited features, respectiyely.

QR-A-7421 Attributes of Equipment Class. Inclysion
rules are the physical and operational characteristicqd that
define an acceptable range-of:.equipment physical chprac-
teristics, dynamic charagteristics, and functiong for
ensuring seismic ruggedness and defining the bohnds
of active mechanical*equipment included in a referfence
equipment class.

The following factors shall also be considered and pval-
uated when.developing inclusion rules: active mechahnical
equipmenttype, weight, features, size and shape, fundtion,
capageity rating, load path, governing industry standprds,
materials, natural frequencies, movable subassemblies,
attached items or components, and modifications ngces-
sary to achieve the defined seismic capacity. Not &ll of
these attributes may be applicable to a particular flass
of equipment.

The diversity of features represented in the referjence
active mechanical equipment shall be described i the
inclusion rules. In those cases where diversity is
limited, the reference active mechanical equipment
class shall be narrowed to the specific features re¢pre-
sented in the reference active mechanical equipment.
In developing a reference equipment class for infline
components, if more than half of the items are jufged
not to have experienced distribution system amplification
(i.e., the in-line component is located immediately hdja-
cent to a distribution system support providing sejsmic
restraint), alimitation shall be applied in terms of an ipclu-
sion rule for the reference equipment class.

Prohibited features are design details, materials,
construction features, or installation characterifstics

n=1

Aggs,; = spectral acceleration of the EES, at 5% critical
damping, at frequency i
A,; = spectral acceleration, at 5% critical damping,
at reference site n and frequency i
m = number of reference sites, a minimum of four
N, = number of independent equipment items at
reference site n

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


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

ASME QME-1-2023

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

tional or shipping loads and the application of explicit
design standards. Such active mechanical equipment is
inherently rugged. Where inherent seismic ruggedness
canbe established through analysis, testing, or earthquake
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

duripg facility life. If a component contains items that
couldl experience a fatigue failure from low-cycle loads
(fewpr than 60 full-range stress cycles), it shall be eval-
uatedl in accordance with QR-A-6800.

QR-A-7422 Number of Independent Items. The refer-
encelactive mechanical equipment class should include a
minimum of 30 independent items that performed satis-
factgrily. Independent items are components and equip-
menf that have different physical characteristics or
expdrience different seismic motion characteristics,
e.g., different earthquakes, sites, buildings, or orienta-
tiong/locations in the same building.

Where fewer than 30 independent items constitute the
referlence equipment class, the EES shall be reduced by the
factgrs given in Table QR-A-7422-1 to produce the same
statigtical confidence level as a reference active mechan-
ical equipment class comprising 30 independent items.
The pumber of independent items shall not be fewer
than|15.

QR-A-7423 Functionality During Earthquake. In
casep in which functionality during an earthquake is
requjred of a candidate equipment, an apprapriate justi-
ficatjon shall exist in the definition of the refeérence equip-
ment class for this functionality. This\justification shall
dempnstrate 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-
menf class was functional after the earthquake, and a
quarititative assessment of functionality during the earth-
de is established based on knowledge of the required
ption of the equipment during the earthquake and
congideration of credible seismic failure modes (e.g.,
shaff binding) that may prevent equipment operation.
Expé e gaied fToTnT aratysis or testirgof simita
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-

25

SeISIIC capacity ol the reference active mecnanigal equip-
ment class (i.e., the EES defined in QR-A-7412) may be
simplified and reduced. In this case, the\charakcteristics
of the reference active mechanical equipment flass and
the technical justification for therassigned [capacity
level (EES) shall be developed and documented as the
reference data for this special case.

QR-A-7432 Limitations. Earthquake-exj
based qualification isimited by the following c
tions:

(a) Some types.of active mechanical equipnjent have
complex features; and their design varies sighificantly
with time¢These applications require more|detailed
considerations of design variability, which mdy render
the application of experience data impractical] In these
cases, other methods of qualification shall be ysed.

¢b) In certain cases, functions such as operatipn during
an earthquake or chatter of relays and contact deyices may
be difficult to establish from the experience datq. In these
cases, other methods of qualification shall be ysed.

(c) Ifthereisinsufficientsample size, insufficignt diver-
sity in the sample, or insufficient referencq 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 fombina-
tion with normal operating loads. For active mpchanical
equipment subject to other concurrent loads, |ncluding
applied nozzle loads from distribution systems, the
effect of the loads shall be addressed by supglemental
qualification methods, such as analysis and tegting.

(e) Applications that require active mechanigal 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.

erience-
bnsidera-

0 Ha ation—e andids jipment,
The requirements for qualifying candidate equipment
using earthquake experience data are as follows:

(a) The 5% critically damped required response
spectra (RRS) should be enveloped by 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.
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(b) The RRS, as defined in the Seismic Qualification
Specification, shall be derived from the design-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

(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

exclude fiie pronibited features of the reference active : :
. . from successful tests without malfunction. The| TES
mechani¢al equipment class.
. . . should be below the lower envelope of test |sp¢ctra
(e) Capdidate equipment of a newer vintage than the .
. . . that produce failures. In some cases, however| the
reference active mechanical equipment class shall be eval- . .
. . . . failure test spectra may have regions of lower spgctral
uated foi any significant changes in design, material, or ) .
. . 2 . amplitude that are not likely to Have affected the
fabricatjon that could reduce its seismic capacity . .
. . . . failure mode. Thus, on a case-by*case basis, the| TES
comparefl with the reference active mechanical equip- ; .
may be greater than certain portionsof the lower env¢lope

ment clags.
(f) Th¢ qualification of candidate equipment shall be
documenfted as specified in QR-A-8330.

QR-A-7500 Test-Experience-Based Qualification

Test eperience data may be obtained from test results
from prefious qualifications. Test experience data is ap-
plicable fo establishing seismic qualification for a refer-
ence equjpment class based on using the test results for
five or njore individual items. The test experience data
should meet the requirements of QR-A-7200. The
minimunp OBE requirement shall be five OBEs.

Qualififation based on test experience data involves five
steps that will be covered, as follows:

(a) chiracterization of test motions experienced by the
reference¢ equipment (see QR-A-7510)

(b) establishment of the test-experience-basedseismic
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
experienfe reference equipment.glass (see QR-A-7540)
umentation of the~qualification process per
-A-8000

QR-A-7510 Characterization of Test Experience Input
ipment, €lass shall be characterized as follows:
e testinput motions shall be multifrequency and

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.

of failure data. Note that the resalting TES does not ngces-
sarily represent a broadbandresponse spectrum to which
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 requirgd in
QR-A-7540(b).

Developmeént of an OBE TES is not necessary if the
is not moréthan % the SSE, since the equipment has been
subjected.to OBE testing as required in QR-A-7200. If the
OBE is‘greater than % SSE, an OBE TES is required upless
low=¢ycle fatigue vulnerabilities are identified| and
eliminated as prohibited features as requirgd 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 pejrfor-
mance in tests has been demonstrated. The similprity
of the reference equipment that defines an equipment
class should be based on an extension of the prinkiple
of similarity of QR-A-7300. The reference equipient
class may include more than one manufacturgr or
product series when all of the items are constructgd in
the same general manner, contain the same basic subpom-
ponents, and respond dynamically in the same mafner.
For example, significant natural frequencies of the rjefer-
ence equipment would lie within approximately % odtave.
The attributes of the equipment class, the number of |nde-
pendent items in the equipment class, and functionaljty of

re-eqtiprrentdorinrethetestaredefrredastoltows:

(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-
date equipment. These equipment ruggedness and vulner-
ability attributes of the test reference equipment class
shall be defined in terms of the following inclusion
rules and prohibited features:

OBE

26


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

ASME QME-1-2023

(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

manulacturer
(-c) weight
(-d) mechanical and structural design details
inclyding 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

(-) movable subassemblies

(-m) attached items or components

(-n) modifications necessary to achieve the
defirfed seismic capacity

Nqt all of these factors may be applicable or important

to a particular class of equipment. It is the intent of this

subajrticle to ensure that the critical seismic characteris-
tics re defined and demonstrated by experience data. One
of the inclusion rules shall be that the equipment class only
applles to the manufacturers included in the reference
equipment.

(2) Prohibited features are design details; materials,
consfruction features, or installation characteristics that
havelresulted in seismic-induced failure-of the equipment
to mpintain its structural integrity @nd perform its speci-
fied function at test excitations‘up to and including the
defirjed seismic capacity levél. The bases for resolution
of test anomalies shall be \cohsidered in developing the
list pf prohibited features. Failure data from other
sourfes (e.g., earthquake experience data) should also
be rpviewed and considered in defining prohibited
featyres.

Prohibited features should include any attributes that
d contribute to fatigue failure from low-cycle loads
areombination of a number of OBE and SSE events.

wou
from
Note-tha atatsed-todevelopa
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 same manner as that required in QR-A-7520 for
defining the TES for SSE.
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(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, two or more identical
items of equipment subjected to the same test input
motions are considered a single independent item. The
number of independent items shall be sufficient to demon-
Strate efull range of dynamic response parameters
possessed by the defined equipment class have been
exhibited in the testing.

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

QR-A-7540 Quatification of Candidate Eq
The requirements.for qualifying a candidate e
item using test experience data are as follows:

(a) TheRRSshall be enveloped by 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
becthe 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 locatiop, then it
should be justified that the actual response g§pectrum
at the mounting location is narrowbanded (QR{A-7520).

(c) The RRS used for comparison with the TEF 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 in QR-A-6232 may be used fgr making
the comparison.

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

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

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

(9) 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

lipment.
juipment

ed to be
uipment

uipment
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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 exaniple, to qualify the active mechanical equipment
in questipn, it is necessary to show that the like active
mechanifal equipment in the experience database has
experierlced 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 seismic motion applicable to the experi-
ence datqbase.

Result$ of a given particular active mechanical equip-
ment qudllification test may become a part of an experience
database| Strictly speaking, this qualification is applicable
only to the active mechanical equipment tested. To extend
qualificafion to similar active mechanical equipment, it is
necessarl to consider potential differences in material
properti¢s, sizes, manufacturing tolerances, clearances,
and mounting characteristics. When these differences
exceed [the limits of similarity as provided in
QR-A-7300, their effects on qualification shall be evalu-
ated dirdctly by means of analysis or test.

Analysjs in general is limited to determination of loads,
reactiong, stresses, strains, deflections, and clearances;
which are then compared with acceptable limits. Loss
of functipn of active mechanical equipment, hawever,
cannot always be explained in terms of such (computed
quantiti¢s. In such cases, experience datd or testing
shall be telied on to demonstrate functignality or other-
wise estdblish acceptable limits on those’/quantities that
can be eyaluated by analysis.

All thr¢e methods or combinations thereof may be used
to seismically qualify functionality of active mechanical
equipmept. The decision.as\to the methods to be used
to qualify a given piecedpf-active mechanical equipment

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,

' ire e of the

applicable to thieyqualification of the active mech
equipment. 4 the event that a manufacturer of
active mechanical equipment performs a ger
seismic*equipment qualification, the preparatid
both~the Seismic Qualification Specification (as
Owner’s designee) and Seismic Qualification Repd
the responsibility of the manufacturer. It is the resp
bility of the Owner to review and accept the Seismic (
fication Report.

rt is
bnsi-
uali-

QR-A-8200 Seismic Qualification Specificatign
Requirements

fthe
htion

The following gives directions in the preparation g
Seismic Qualification Specification required for evalu
of the active mechanical equipment:

(a) Therequired response spectrum (RRS) for the
tion on which the active mechanical equipment is fo be
mounted shall contain the data for the two horizontallaxes
and one vertical axis as a minimum. The RRS shdll be
appropriately broadened or based on a building in-sgruc-

loca-

shall be left to the Certifying Engineer(s) of the qualifying .

N . - o ture response spectrum that was appropriately broa-
organization whoapprove and sign the Seismic Qualifica- dened. The RRS shall include the d . Tuek f
tion Repprt (sed OR-A-8300). ehr?eh . The ) sl a dlnc ude the damping valuef for

However, nothing in this Appendix shall be interpreted which It was calculated. , . .

f L e (b) If RRSs are not furnished, acceleration dg¢sign
as preverjtingthe author of the Seismic Qualification Spec- . ey P o h as
ification (SOS) Trom specifvme o detail (in the SO3) the velrwestead-ceoetfictents—simphfied-waveferas—st

(5Q5) pecifying ( Q) sine beats or sine sweep; or a time history shall be

method(s) or combination of methods to be used in seis-
mically qualifying the active mechanical equipment
covered by the SQS.
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provided.

(c) The earthquake’s strong-motion time duration 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.

(g) A dated approval signature shall be included.

QR-A-8310 Analytical Data. [fanalysisis performed as
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

(hJ The environment in which the equipment 1s
designed to function shall be described.

(i)} Acceptance criteria shall be specified.

()| 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 athieve seismic qualification of particular active
mechanical equipment. Toward this end, the Qualification
Repqrt 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
motjon (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
expefrience used, and results (including pertinént 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
sumarized. If an anomaly js experienced during any
test,|it shall be documented.in’ the report. If the active
mechanical equipment is~net modified to eliminate the
anorhaly, then the final\user shall justify the use of the
actiye mechanical €quipment and file this justification
withfthe Seismic.Qualification Report. Any active mechan-
ical equipment refurbishment that is performed during
seisinic testing shall be documented in the test report
and Jreconciled by the active mechanical equipment
supplier-"These data may become part of the postearth-

interface connection(s) to the support straeture shall
also be included.

A statement shall be made verifying thatthe gomputer
programs were validated on the computer harflware on
which the program was executed/Computer grograms,
options, version numbers, dates, and systems used
shall be identified and documetited.

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 qualjfied

(1) tested active mechanical equipment iglentifica-
tion (including devices)

(2). tested active mechanical equipment
tion Specification

(3) tested active mechanical equipment seftings and
limitations when appropriate

(b) test facility

(1) location
(2) testing equipment and calibration

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

(d) active mechanical equipment mountin
including all interface connections

(e) test data, including proof of performance, test
response spectrum (TRS) plots, required inpyt motion
(RIM) plots, time histories, and power spectrdl density
(PSD) coherence checks as necessary. Whatlever the
type of multifrequency testing employed, the acdeleration
time history of the input table motion shall be prpvided in
the testreportin addition to the TRS. Asa minimym, a time
history of the table motion shall be provided for ne testin
each of the three directions of excitation fronj the SSE
testing.

(f) testresults,including measured natural fre
and conclusions (including statement of any af

Dualifica-

b details,

quencies
omalies)

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.
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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) characteristics of the reference active mechanical
equipment class

(4) inclusion rules and prohibited features

(5) function of the reference active mechanical
equipment class

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

(3) characteristics of the reference active mechanical
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

(6) fompliance to the requirements of this standard be qualified to the mclusion rules and pronibited feajures
(d) compliance of the active mechanical equipment to of the reference active mechanical equipment clas§
be qualified to the inclusion rules and prohibited features (e) demonstration and description of integrify of
of the reference active mechanical equipment class. equipment supports, load path, mounting,and’anchqrage
e) demonstration and description of integrity of . cer e
(e) P srity QR-A-8350 Combined Methods of Qualificatid

equipment supports, load path, mounting, and anchorage.

QR-A-
The Qua

340 Testing-Experience-Based Qualification.
ification Report shall include
(a) a {letailed description of the active mechanical
equipment to be qualified, including the essential internal
components and devices
(b) thp required response spectrum at 5% critical
damping
(c) a
mechani
(1)

terms of

letailed description of the reference active
al equipment class, including the following:
characterization of the reference motions in
a response spectrum

proof of performance is by a combination of methods
described in QR-A-7100 through'QR-A-7500, the r¢port
shall contain reference to the spécific combined qualffica-
tion method used and appropriate information contgdined
in each method as described therein. When extrapolation
of data is made from similar active mechanical equipthent,
a description of/the’differences between the agtive
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 includgd.
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Nonmandatory Appendix QR-B
Guide for Qualification of Nonmetallic Parts

QR-B-1000 SCOPE

ThHis Appendix recommends a methodology and
describes the documentation that should be available
in auser’s (generally a utility’s) files to demonstrate
the qualification of nonmetallic parts, materials, or lubri-
cant$ (known as nonmetallics). It covers the qualification
of ngnmetallics 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-

talli¢s test data, documented service life information,
anallysis as a means of qualification, qualification
testipg of nonmetallics, and the establishment of limita-
tiong on the use of certain nonmetallics to ensure their
acceptable performance. It provides guidance on the
factgrs to be considered in qualifying equipment using
thes¢ nonmetallics for service in nuclear facility environ-
menfs.
This Appendix addresses the steps for the user of.the
mechanical equipment to follow to qualify and maintain
the dqualification 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
demgnstrating and maintaining the environmental quali-
ficatjon of nonmetallics. It provides guidance for the use of
nontpetallic test data, dociumented service life informa-
tion,fanalysis, and qualification testing as means of demon-
strating the environthéntal qualification of nonmetallics.

THis Appendix(isyhonmandatory. It provides recom-
menfled methodsfor the demonstration and maintenance
of the envirenmental qualification of nonmetallics. As a
nonmanpdatory recommended guide, it contains
wordifig-such as shall, should, and may. The word shall

fication maintenance program for the equipment in which
the nonmetallics are used.

QR-B-3000 REFERENCES

The references are as listedin‘article QR-3000.

QR-B-4000 DEFINITIONS

All definitions are contained in article QR-4(00.

QR-B-5000 REQUIREMENTS
QR-B-5100-General

Normally, nonmetallics in mechanical equipment are
more-susceptible to degradation resulting fronp normal,
abrnormal, and accident environmental and servjce condi-
tions than are metallic parts. The qualificatipn of the
nonmetallics in mechanical equipment shall b¢ 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 theif specific
material name, manufacturer, manufacturer’s specific
compound, configuration, and their safety fupction(s).
All of the environmental service conditions at th¢ location
ofthe nonmetallic shall be clearly defined. The effect of the
process medium temperature on the life of the nopmetallic
should be evaluated for any process mediufjn whose
temperature is higher than the highest externa:F:nviron-
mental temperature. Temperature rise within the
mechanical equipment during operation of the equipment
should also be included when defining the envjronment
for a nonmetallic.

When qualification is by analysis, itis importanjt that the
combined effects of the environmental parametefs be fully
considered in the analysis. The combined effectk of time-

is used to demnote a SUEEESted TeqUITEIMeTt, 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 considered when preparing a quali-

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.

(23)
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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

(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,

(c) ge]:leric name/chemical name of the material
(d) diensions of the part(s) composed of the material
(e) ch¢mical composition of the material
(f) manufacturer’s compound identification for the
material
(g) the¢ material’s activation energy (in conjunction
with ong of the above identification methods only and
that is bdsed on the material’s critical failure mechanism
in the infended service)

NOTE: WHen properties for a specific material are not available,
the qualifipr should choose data for materials of the same family
and failur¢ mechanism as the materials in question. The qualifier
shall prov]de a basis as to why these properties are conservative.

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

QR-B-5210 External Conditions. The external service
conditior}s should be specified separately from the condi-
tions at the location of the Wonmetallic (internal to the
mechani¢al equipment). The\Specification for the external
conditiorfs should includenormal, abnormal, and postu-
lated desjgn-basis event{DBE) parameters. These param-
eters may include,,but are not limited to, the following:

(a) temperature

(b) pressure

(c) relptive humidity

analysis, use of operating experience, and combinations
thereof. The choice of qualification method will.depend on
the severity of the environmental and service ‘condifions
and the resulting failure mechanisms for the nonmetgllics.
In some instances, it may also depend ofithe data avaijable
to document qualification.

Analysis may be used when a well>defined model gxists
for evaluating the effect of the‘efivironmental and sefvice
conditions on the nonmetallics. The use of analyjis is
simplified when the number of influences on the nopme-
tallics is limited to oné or at most two parameters. (per-
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 the nonmetallic. Testing to simu]ated
conditionsmay be used when applicable analytical m¢dels
do not'exist or when the number of influences to be copsid-
ered.makes their use difficult. Any of the methods may be
used in conjunction with another. For example, operpting
experience could be used to limit or eliminate the neqd for
normal life simulation. The reasoning for the choife of
methods should be documented in the qualificdtion
record.

Following qualification, it may be necessary to use
nate nonmetallics or change the configuration of nopme-
tallics in the course of equipment evolution. The effe¢ts of
these changes and/or substitutions should be evaluated to
determine if the nonmetallic’s qualification has peen
affected. The evaluation should be documented| and
become part of the qualification record for the assocjated
mechanical equipment. If the evaluation determineq that
qualification has been affected, the nonmetallics sh3ll be
qualified in accordance with all of the requirements of this
Appendix. Analysis may be used provided it is docu-
mented; it demonstrates that the substituted nonmetgllics
are equal or superior to the qualified nonmetallics in rhate-
rials, design, and application; and it demonstrates| that

Iter-

(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-
mentand vary accordingly. These parameters may include
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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
be determined and recorded in the qualification documen-
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

(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/

expdsed to conditions that are no more severe than
those¢ for which they have been qualified.

If dluring 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-
uategl, and, as appropriate, further qualification shall be
performed. This additional qualification may result in
shorfer qualified life, increased surveillance require-
ments, or the need for the use of another material.

THe preventive maintenance that was assumed or simu-
latefl under the qualification program should be
perfoprmed on the installed component to preserve the
quallfication 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
corr¢ctive maintenance, it shall be returned to the condi-
tion|assumed or simulated in the qualification. For
example, disturbing crush-seal O-rings will require
theif replacement. The maintenance program for the
overpll component should ensure that all covers, seals;
etc,, that protect nonmetallics from the environment or
inadyertent physical damage are restored following'main-
tenapce.

Falilure or unexpected wear out of nonnietallics during
the dervice life of the associated component should be
evalfiated to determine whether thé:condition resulted
from a random defect or stress that.was not fully consid-
ered| during the qualification.. If-the condition resulted
fromsuch a stress, appropriate-dction, such as eliminating
the dtress, limiting the life\of the nonmetallic, or requal-
ification, should be taken:

Where uncertaintiés-exist in qualification models or in
accufately defining environmental or service conditions at
the lpcation of the nonmetallic, condition monitoring may
be ulsed to‘establish replacement and refurbishment
schefulés~Intervals between monitoring the condition
of the mwonmetallic should be set such that wear out or

surveillance

(h) shelf life preservation requirements

Qualification documentation should include
detail as possible concerning assumptions’and cpnsidera-
tions made during the performanece.of the qualification.
Such details are of great use dlixing the service life of
mechanical equipment when further analysis and evalua-
tion of the qualification of'nonmetallics are negessary. It
should also establish traeeability and similarity to the
tested/analyzed mateérials for the nonmetallicq that are
installed in the qualified component.

Article QR-B-7000 describes the details of the d
tation procedure requirements of this Append

as much

ocumen-
X,

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 these methods has
certain strengths and weaknesses that the qudlification
engineer should consider in selecting the mogt appro-
priate method, or combination of methods, for p specific
component. It is the qualifier’s responsibility fo ensure
that any qualification of nonmetallics is dope to the
same margins as is required by Sections QP apd QV, as
applicable.

Testing at the actual conditions desired for qudlification
will normally provide the most assurance that the nonme-
tallic will perform acceptably. However, it may pe neces-
sary to approximate the anticipated conditions gs a result
of limited time and test facility capabilities. The qualifier
shall consider the effects of these approximatiops on the
qualification results.

The application of experience from actual sefvice of a
similar nature to that desired for qualificagion may
provide information from applicable environments, but

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

33

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 the methods 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 failure modes and effects analysis,
should be considered. Such an analysis can assist the quali-
fier in predicting the most probable failure mode (such as

t; = accelerated aging time, units of time (usually
days)
t, = qualified service duration, same units of time as t;

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 for most elastomeric mate-
rials are typically in the range of 0.75 eV to 0.85 eV.

uali-

Hata-

tensile faJlure or compression set) and the degree townich ___ However, there is a great deal of data avallable to the g

the degraded part can perform its safety function. fier with higher and lower electronvolts. Itis the qualifier’s
In ordgr to be qualified to the criteria of this Article, the responsibility to review the available literature and

nonmetallic shall demonstrate that after exposure to its bases to determine the electronvolt most applicable tp the

normal ahd/or accident environments, it will retain suffi-
cient properties to perform its intended safety function. It
shall have atleast the specified minimum elasticity, tensile
or comprjessive strength, or other pertinent property that
the meclanical equipment manufacturer deems neces-
sary for the nonmetallic to perform its safety function.

QR-B-6200 Arrhenius Model

A recdgnized method of characterizing accelerated
thermal| aging effects and estimating equivalent
damage 3t 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
nonmetgllics, the time-temperature degradation
process dan be described in a single temperature-depen-

dent reagtion that follows the Arrhenius equation
k = Aexp[—(E,/kgT)]
where
A =|frequency factor (assumed constant)
E, =|activation energy, eV
exp =|exponent to base e
k =|reaction rate
kg =|Boltzmann’s constant
=10.8617 x 107* eV/K
T =|absolute temperature, K
This efuation can.be rearranged into the following

form, whlich is more-useful:
fy= tiexpE,/kp(1/Ty — 1/T;)

material and the specific usage for which.it is being
ified.

It is the responsibility of the qualifier to determinp the
activation energy of the matérial being qualified] The
manufacturer of the nonmetallic is normally the
primary source for this ifformation. If the manufacfurer
is unable to provide the required information and the
qualifier uses data for'similar materials, it shall be defnon-
strated that the value selected is conservative fof the
material being, 'qualified, intended use/configurati¢n of
the material, and environmental conditions for which
the qualification is intended.

jual-

ative
tests.
n the

NOTE: Lower values of activation energy produce consery
restilts when predicting lifetimes from accelerated aging
The reasonableness of these results should be considered
determination of the qualified life of the nonmetallic.

The Arrhenius model is presented here because pf its
wide acceptance in the determination of thermal 3ging
effects. However, other models have also been develgped,
especially by material manufacturers. It is recommephded
that the Arrhenius model be used.

QR-B-6300 Testing

Testing a nonmetallic at conditions similar to thode for
which it is to be qualified can provide a high level of donfi-
dence in its ability to perform its safety function. Tefting
shall subject the nonmetallic to load conditions, duratjions,
and sequences that have been shown to be at leakt as
severe as the conditions for which the nonmetallic is
to be qualified. Except as described in QR-B-631(] and
QR-B-6320, the sequence of applied loads should dupli-

cate, to the extent practicable, the environment for which

where the nonmetallic is to he qualified A typical sequlence
E, = activation energy of the nonmetallic, eV includes thermal aging, radiation exposure, and operation
kg = Boltzmann’s constant under the qualification conditions of temperature, pres-

= 0.8617 x 107* eV/K sure, humidity, and chemical environment. The test

T, = accelerated aging temperature, K sequence, whether as described above or some other,
T, = qualified service temperature, K shall be justified and documented as appropriate for

34

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


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

ASME QME-1-2023

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
bei
ment that is expected to operate during and/or following
expasure to an accident or postaccident environment(s).
The [test conditions and duration of testing shall be as
sevefe as the conditions for which the nonmetallic is
to b¢ qualified.

Cdnsiderable data exist as a result of testing performed
by mjanufacturers and users of nonmetallics. With proper
veriffcation of the validity and applicability, these data can
be used in the qualification process. This verification
d include a consideration of the physical and chem-
properties, test sequences, loads and load combina-
tionq applied, durations of loads, and potential synergistic
effedts. A sound basis shall be provided for accepting
testipg sequences other than those stated above.

Other factors to consider include the size and shape of
the nonmetallic being tested, amount of the nonmetallic
expdsed to the test environment, and variation of the
matgrial properties within the specific material
compound. The effect of a given environment on one prop+
erty pf 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
facillties, assumptions, and judgments. concerning se-
querjces of loads applied and other factors should be
consjdered when establishing qualification margins.

QR-B-6310 Thermal Aging. Thermal aging is imposed
on nonmetallics to approximate, during qualification
testiphg, the thermal degradation expected over the life
of tHe nonmetallic. This testing can be performed at
the temperatures ekXpected during the life of the nonme-
tallid or can be accelerated to some extent by subjecting
the onmetallic'to higher than expected temperatures for

QR-B-6320 Radiation Aging. Radiation agingisusedin
the qualification process to cause material degradation
that is at least as severe as that which is anticipated to
occurin the service for which the nonmetallicis to be qual-
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 the nonmetallic to a higher dose rate for a shorter
length of time than anticipated in service. The maximum

nontypical material property changes. The effeqts of self-
shielding and location of the source(s),should alsp be eval-
uated and justified. The possibility that low-dpse rates
experienced in actual service_may be more damaging
than the higher rates applied during qualjification
should also be considered:
Consideration should.be.given to the types of radiation
(beta, gamma, etc.) tHat)the equipment and its rjonmetal-
lics will see in service. These types of radiation shall be
addressed in anyytesting program and the appropriate
exposure requirements established by the qualifier.

QR-B-6330 Mechanical Wear Aging. Mecharfical wear
resulting from operating cycles is an important gualifica-
tion“consideration. It is desirable to perform fhe wear
cycles during the accelerated thermal and gadiation
aging process to account for any transitory property
changes. The qualifier should consider the fact that accel-
erated aging (thermal and radiation) may imposgdifferent
loadings and material property characteristi¢s on the
nonmetallic. If it is determined that this is fhe case,
mechanical wear aging should be performed under condi-
tions that more accurately reflect actual operatihg 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

a S,h rFer tm;e. thzﬁl antl??atefi in service. If accelerated Data obtained from operating experience arg consid-
aging Istused In the qualification process, ex.treme care ered comparable with test data, provided the tptal envi-
shall be"taken to ensure that atypical material changes ..o ooe 0 wonien vho nonmaranic wac usali is well

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.
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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-
tion of DBE conditions following aging of the nonmetallic, a
common application of experience data in qualification is
the testing at DBE conditions of the nonmetallic 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. Analysis may 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

(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

used to cjetermine the loads that are to be applied in the
qualification process. It can also be used to demonstrate
that specjficload combinations are appropriate for a given
qualificaftion 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 anjalyzed. All assumptions and approximations
included fin the analyses shall be clearly defined and justi-
fied.
Without further testing, the analysis should adequately
demonstyrate that the criteria stated in QR-B-6100 for
demonstration of qualification can be met.

QR-B-7(

In add
containg
QR-B-71
of the st

00 DOCUMENTATION

ition to the documentation requirements
d in article QR-8000, the requirements in
D0 through QR-B-7400 shall be met when one
ted methods is used to qualify nonmetallics.

QR-B-7100 Documentation for Qualification by
Operating Experience
(a) id4

lics for W

(b) co
nonmeta
experien

ntification of the specification for the nonmetal-
hich operating experience is available
mparison of specifications and-functions of the
lics to be qualified with those*having operating
Ce data

uter
d of

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

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

(c) description of the analytically-established pgrfor-
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 qualificgation
program

(d) conclusions, including any limitations on qual
tion

data

fica-

QR-B-7300 <{Documentation for Qualification
Combined Methods

When combined methods of qualification are used
appriopriate requirements of QR-B-7100 and QR-B-
shall be complied with.

Py

, the
7200

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

All modifications to qualified nonmetallics made dfiring
the installed life of the component should be documgnted
by the component user. The evaluation of the modjfica-
tion’s effect on the nonmetallic should be documentdd, 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 Certificati
ments required by QR-8640. See Forms
through QR-C-6.

bn state-
QR-C-1

37
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Form QR-C-1
Sample Qualification Specification (QP, QV) Certification Statement

Certification

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

giVe and prn\liﬂao 2 nnmp|a+n basic for qnalifinaﬁnn -accokdanceaaith and-othar app“hal’ﬂn rnqn:romonfp o
the ASME QME-1 Standard Edition.
The Qualification Specification and Revision being certified is:

* or P

I, the
dyna
best

with |

The (

Certified by P.E.

Registration No. State*

Date

rovince of Canada

Form QR-C-2
Sample Qualification Specification’(QDR) Certification Statement

Certification
undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualification o|
Mic restraints and related nuclear facility requirements relative to this Qualification Specification, certify that to thg
f my knowledge and belief it is cortect*and complete and provides a complete basis for qualification in accordancg

and other applicable requirements of the ASME QME-1 Standard Edition.

ualification Specification andiRevision being certified is:

Certified by P.E.

Registration No. State*

f

Date

* or Province of Canada
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Form QR-C-3
Sample Qualification Report (QP, QV) Certification Statement

Certification

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.

Dualification Specification and Revision:

Dualification Report and Revision:

Certified by P.E.

Registration No« State*

Date

* or Province of Canada

Form QR-C-4
Sample Qualification Report'(QDR) Certification Statement
Certification

I} the undersigned, being a Certifying Engineer competent in the applicable field of design, testing, and qualificatjon of

ynamic restraints, and using the certified Qualification Specification, do hereby certify that to the best of my know|edge
and belief the Qualification Report is complete and accurate and complies with the qualification requirements ¢f the

ASME QME-1 Standard Editien,

Dualification Specification and'Revision:

Dualification Report and/Revision:

Certified by P.E.

Registration No. State*

Date

* or Province of Canada
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Form QR-C-5
Sample Application Report (QP, QV) Certification Statement

Certification

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:

Appligation Report and Revision:

Certified by P.E.

Registration No. State*

Date

* or Pfovince of Canada

Form QR-C-6
Sample Application Report (QDR) Certification Statement

Certification
I, thelundersigned, being a Certifying Engineer competent in the applicable field of design, testing, qualification, ang
appli¢ation of dynamic restraints in nuclear facilities, and using the certified Qualification Report, do hereby certify tha

to thg best of my knowledge and belief the Application Report is complete and accurate and complies with thg
requifements of the ASME QME-1 Standard Edition.

Qualification Report and Revision:

Appligation Report and Revision:

Certified by P.E.

Registration No. State*

Date

* or Province of Canada
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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
Codg¢ (BPVC) qualified dynamic restraints. Restraint
items may be qualified as part of a restraint assembly
or qpalified separately. It is the responsibility of the
Ownler 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-
bersjmechanical snubbers, gap restraints, and viscoelastic
dampers. Restraints and restraint items qualified in accor-
dande with this Section shall meet the requirements of
Section QR. The requirements of Section QDR take prece-
dende when the requirements of Section QDR conflict with
the fequirements of Section QR.

-1100 Boundaries of Jurisdiction

elements of a dynamic restraint within the bound-
of jurisdiction are within the scope of Section-QDR.
oundaries of jurisdiction are defined as being from
nnection of the restraint to the supportingstructure
m the connection of the attachment of the restraint to
iping/component/structure to the.connection of the
attaghment to another piping/component/structure.
Connecting items such as pin§, bolts, and welds are
exclyded from the boundaries of jurisdiction.

THis qualification Standand augments, but does not
replace, the requirements of ASME BPVC, Section III,
Subsection NF.

-2000 PURPOSE

e purpose of Section QDR is to define requirements
and provide guidelines for the qualification of dynamic
restraints. Initial qualification shall be achieved by

QDR
TH

QDR-3000 DEFINITIONS

The following definitions establisi the mdganing of
words in the context of their use in this'Section and supple-
ment those listed in Section QR:

activation: the change of condition from passive|to active,
in which a snubber or viseoelastic damper resjsts rapid
displacement of the attached pipe or componert. Activa-
tion is quantified in terms of acceleration, velgcity, dis-
placement, or othenspecified physical charactgristics.

breakaway: the fonce required to initiate movement in one

direction.

candidatesrestraint: those components qualified
extension of parent qualification.

through

caqvitation: the opening of a gap between the pistqn and the
Viscoelasticliquid as aresult of a force and velocify applied
to the piston.

bd to the
b1

cavitation load: that force and velocity appli
viscoelastic damper piston that causes cavitati

relation-
coelastic

damping resistance: alinear approximation of theg
ship of the load velocity characteristics of the vi
damper piston.

dead band: the free axial movement of the festraint
between the two activation levels in opposite djrections.

drag: the load required to maintain restraint moyement 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 positioh relative
to the barrel of a viscoelastic damper where the[specified
damping or stiffness characteristics are no longer appli-

cable

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.

41

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: an ASME BPVC 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 rdte: the rate ol the restraint axial movement arter
the activition of the restraint under a specified load.

Service L¢vel: Level Service Limit is defined by ASME BPVC
Section I|L

spring ra
the load

stroke: the maximum available axial movement of the
device.

le: the linear approximation of the relationship of
displacement characteristics of the restraint.

QDR-40p0 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fupdamental principles and philosophy pertaining
to equipment qualification are provided in
article QR-5000 and apply to mechanical equipment in
general.| Qualification requirements specific to the
restrain{ or restraint items are contained in articles
QDR-5000 through QDR-7000.

Restrgints are used to control dynamic system
responsgs. Ideally, under a steady or continuing force,
the restrfained system or component will move freely,
as if the restraints did not exist. However, whén a
force is|applied suddenly, restraints will:control
dynamic fesponses such that the stresses in the restrained
system dr component will not exceed allowable Code
limits.

The bdsic characteristic of a dynamic restraint is its
ability tp develop a force-displacement relationship
during dynamic loading that will' Y€strain the movement
ofthe system or component. Fhe qualification program for
dynamic frestraints will adeguately define the level of this
force-didplacement elationship at various operating
frequengies. Additienally, the qualification program
may predict the degradation of these force-displacement
relationships wheéen subjected to operational and severe
environrhental conditions, such as high-cycle fatigue,
humidityl,_dirt, dust, spray, or radiation. Each restraint

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

y

the magnitude of the rated load. The spring rate|may
vary as a function of the frequency and magnitugle of
the applied load.

Subsubarticle QR-7340 describes qualification by pimi-
larity analysis. Nonmandatory Appendix’QDR-A confains
typical parameters to be considerédywhen qualification is
to be established by similarity:

When the requirements of Section QDR are invoked for
previously qualified restrdints, a Qualification Reportjshall
reconcile existing qualification documentation with the
intent of Section QDRas well as address any new require-
ments that may_be specified in the Qualification Spkcifi-
cation.

QDR-4100"Hydraulic Snubbers

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

QDR-4110 Functional Parameters. The functiondl pa-
rameters of snubbers are essential for the users to d¢sign
their systems. These parameters, as applicable to the in-
dividual designs, are as follows:

(a) Activation. Some restraint designs may not haye an
active triggering characteristic but instead rely on pafsive
inherent nonlinear response. In such cases, this test} and

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.
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the determination-of- the-dead band—would-not be ppll-
T

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.

(23)
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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-

(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

ficatjon Specification and subsequent testing.
(i)] Stroke.

QDR-4200 Mechanical Snubbers

Mgchanical snubbers are restraints used to mitigate the
effedts 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-4210 Functional Parameters. The functional pa-
ramgters 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
activie triggering characteristic but instead rely on passive
inhefent nonlinear response. In such cases, this test may
not e applicable.

(b} Release rate, when applicable.

(c] Breakaway.

(d) Drag.

(e]) Dead band.

(f) Load Rating. Load Rating shall be determined in
accofdance 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 form of lubricant used shall be considered in
the({gualification Specificationi 'and subsequent testing.

QDR-4300 Gap Restraints

Gqp restraints are-honlinear devices. The restraint
proyides a gap,(which can be set for the predicted
thermal movements at the installed location. This gap
will pllow freethermal expansion, or the device can be
set sp thatthere is a compromise between thermal move-
menf and dynamic gap (i.e., some thermal movement is

shall be made.
(d) Drag.Drag could be developed as therdevice moves
through its gap.
(e) Load Rating.Load rating shall be detérmingd by test
or analysis, in accordance with ASME BPVC, S¢ction III,
Subsection NF.

QDR-4400 Viscoelastic' Dampers

Viscoelastic restraintsifcommonly referred to ps viscoe-
lastic dampers) are,used to control dynamif system
responses. The basic characteristic of a vispoelastic
damperisits ability to develop a force-displacempnt/velo-
city relationship that will restrain, with no dgad band,
movemeént from seismic and operational yibration
frequernicies and amplitudes, as well as from impact or
impulse loads. Under steady-state or static fdrces, the
system or component supported by visdoelastic
dampers at operating temperatures will moye 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 furctions of
the viscosity of the viscoelastic liquid, which is dppendent
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 Functional 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 BPV(C Section 1L -Subséction NF

restrained to lessen the amount ol dynamic deilection
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-4310 Functional Parameters. The functional pa-
rameters pertinent to gapped restraints are as follows:

43

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

Desian Snecification-in-accordance—with- ASME.
O r

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
tiple

unit selected for testing is excentional Testing mu
(=] ) ol (=]

BPVC Se

(b) A
ments of
cation is

tion III, Subsection NF.
estraint design’s suitability to meet the require-
he Qualification Specification for a specific appli-
required to be documented in an Application
Report a$ described in QDR-7320.

(c) Thp Qualification Specification shall be certified by
one or mpre Certifying Engineers in accordance with the
requirenients of QR-8610.

QDR-60Dp0 QUALIFICATION PROGRAM
QDR-61

Section
tion of 4
program

DO General Requirements

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

(a) Suparticle QDR-6200 shall be used to provide func-
tional quplification of a parent restraint through a testing
program| The testing is intended to demonstrate that.a
restraint|can perform its required function under condi-

testing
to the s

The use of QDR o 3
restraints may 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.

units, randomly selected if possible, may reduce| this
concern. The Owner shall establish the numbé¢r of
units required for satisfactory qualification) Testipg of
multiple units provides increased confidence in repeat-
ability of the test results. Additional.'eonservatism|may
be added to the anticipated service requirements to
give further confidence in the ‘¢0mponent. If orje or
more units fail to meet theweéquirements, an anallysis
to determine the reason for failure is requirdd to
provide data for de§ign changes. Since the|test
program could result in considerable usage of the
restraints, tested/units shall be examined and apprppri-
ately refurbishédyprior to actual service.

There may/be special requirements specifie
restraints Subject to unique conditions or applica
Such requirements shall be defined in the Qualific
Specifieation. Tests or evaluations shall be condy
to,verify the ability of the restraint to endure or s3
these conditions.

QDR-6220 Testing. The Qualification Plan shall specify
the functional parameters and environmental variables to
be measured. The functional parameters shall indlude
those specified in article QDR-4000. The environmpntal
variables shall include temperature, humiditly or
steam-water condition, special thermal transi¢nts,
external pressure, and radiation, as applicable. The dppli-
cation of a low-amplitude, high-frequency vibration [shall
be included as an environmental requirement. Tepting
shall include all loading conditions defined in the Quali-
fication Specification.

The spring rate is a function of the load direction, ekten-
sion of restraint travel, and amplitude and frequency ¢fthe
dynamicloading, as well as environmental conditiong. The
spring rate is determined by subjecting the test uiit to
dynamic cyclic tests over an appropriate frequency
range. Test temperatures shall be identified in] the

for
ions.
htion
cted

tisfy

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 transmit moments and mustallow for erection QDR-6223.1 Functional Parameter Testing for (23)
misalignment and inservice system or component move- Hydraulic Snubbers. Testing for all parameters described
ment. There shall be no binding or interference between in QDR-4100 shall be performed at temperatures identi-
the mating connection parts within the specified angular fied in the Design Specification and Qualification Report.

cone. The design of the connection shall be such that move- Temperature shall berecorded at the beginning and end of
ment of the system or component attachment in the direc- each test. The tests shall be performed with the restraint at
tion of the load is minimized in the connection. the approximate midstroke (% travel range) position
The program shall require that the restraint unit be unless otherwise required.

mounted in a manner that simulates its expected (a) The activation level (where applicable) shall be
ser\mmmmm restraint.
be njounted in a conservative worst-case orientation, The acceleration or velocity shall be recordedas’a function
proviided that a satisfactory justification for the worst- of time. The activation level shall be déetérmined from
caseorientation decision is documented in the Qualifica- these data.

tion |Report. (b) Thereleaserate shallbe tested andrecorded in each

The provisions of QDR-6300 shall be used to extend direction at 5%, 10%, 25%, 50%, and 100% df Service
pargnt restraint qualification to various candidate Level A and at 100% Service\level C and D Joads, all
restifaint sizes. The parent restraint test program shall at a specified temperature.
inclyde measurement instrumentation as necessary to (c) The breakaway drag shall be determingd at the
satisfy all the requirements of that subarticle. initiation of the drag-test in each direction or|during a
test performed specifically to determine brgakaway
drag. The force coxresponding with the initiationjof move-
ment shall besrecorded.

(d) The,drag shall be determined in each dire¢tion. The
values of the drag and the velocity shall be recorfled. Drag
shallbe' performed throughout the manufacturey'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.

QDR-6222 Test and Monitoring Equipment. The test
shal] be conducted and monitored using equipment
adequate for detecting changes in the variables. The Quali-
ficatjon Plan shall specify the test and monitoring equip-
menf to be used for the qualification and describe the
accufacy within the anticipated range. The test and moni-
torinjg equipment shall be calibrated and documented
agaipst auditable calibration standards. The data-
recofding equipment shall have sufficient speed, sensi-
tivity, and capacity to permit measurement of the time
depgndence of each variable.

QDR-6223 Test Sequence. Qualification testing shall (f) Where it is impracticable to perform njulticycle
be in] accordance with QDR-6200 and include tests in (a) dual-direction, faulted-load dynamic testing, ¢ne-cycle
thropigh (f) in the described sequential order. Any devia- dynamic loading tests shall be performed subsequent

tiong shall be justified in the Qualification Report. Addi- to all other tests. The restraint shall be tested at the
tiongl testing may be inserted within this sequence as approximate midstroke location and at each ehd of the
appijopriate. The testing sequence, except as noted in manufacturer’s recommended operating range. A

the previous sentence, shall be loading amplitude equal to the Service Level I loading
(a) pretest examination shall be performed to demonstrate adequagy of the
(b} pre-aging functional parameter testing response. The force, displacement, and velocity [or accel-
(c] aging and service*condition simulation eration, as appropriate) shall be recorded. Any damage or
(d}) intermediate ‘examination without disassembly, other anomalies shall be noted and evaluated to determine

mairntenance, er-modifications the effects of Service Level D loads on the operabillity of the
(e] post-aging functional parameter testing restraint.
(f)] post-test examination (g) The spring rate shall be tested by a dynainic cyclic
Pretest-examination shall include, but is not limited to, a loading equal to the rated load, or other load specified in

thor eHrerstots ertfieatio—ofa components e-Desien pecifieation—Methodso .detel‘mi-

These dimensions shall be recorded for comparison nation shall be identified in the Qualification Report (see

with the post-test dimensional examination. QDR-7310). For dynamic testing at less than rated load,
Intermediate examination shall consist of visual exam- testing per (f) shall be sufficient to provide for extrapola-
ination for loose, broken, or corroded components, tion combined with analysis to validate qualification at the

fittings, fasteners, etc. Signs of fluid loss should be rated load. The peak displacement range, including the
noted, where applicable. No activities that could repair dead band, shall be obtained during the dynamic cyclic
or mitigate any degradation shall be performed. 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 Y4-, Y5, and ¥,-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.

tures ideptified in the Design Specification and Qualifica-
tion Refort. Temperature shall be recorded at the
beginnifgg and end of each test. The tests shall be
performed with the restraint at the midstroke (%
travel rapge) position, unless otherwise required.

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

initiatior] of the drag test in each direction or during a
separate|test performed specifically for determination
of breakhway drag. The force corresponding with the
initiation| of movement shall be recorded:

(d) Thie drag shall be determined in-each direction. The
values offthe drag and the velocity shaltbe recorded. Drag
shall be performed throughout the manufacturer’s recom-
mended pperating range of 4ravel to demonstrate drag
characteffistics.

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

(f) WHeréitis impracticable to perform multicycle
dual-dirdction, faulted-load dynamic testing, one-cycle

the effects of Service Level D loads on the operability 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 qualification at the rated load. The peak displacement
range, including the dead band, shall be obtained during

% The
peak force range shall include load applied incopppsite
directions. Restraint displacement shall be-detérnjined
at the approximate 7,-, -, and ¥,-stroke’locations
according to the requirements of the Qualification §pec-
ification. The testing frequency shall beas specified ih the
Design Specification and Qualification*Report. Resporjse at
each frequency shall be recorded as load-displacement
traces. No extreme change.ih.displacement should be
observed from one frequency to the next, as this dould
indicate that the fundamental frequency (nafural
frequency) resides ir'the specified range.

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

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

QDR-6223.3 Functional Parameter Testing for
Gap-Restraints. All parameters described in QDR-#300
shall be determined at the recorded room temperature.
The tests shall be performed with the restraint af the
approximate midstroke (% travel range) posifion,
unless otherwise required.

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

(b) Thespringrate shall be verified through testing by a
dynamic cyclic loading equal to the rated load (or ¢ther
specified load). Spring rates may differ in tensionf 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 fundamgntal
frequency (natural frequency) resides in the range speci-
fied in the Design Specification and Qualification Rejport.
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 tegting,

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
other anomalies shall be noted and evaluated to determine

the spring shall be exercised through its entire working
range to simulate the design life.

(d) The dragshall 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-6223.4 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
berecorded at the beginning and end of each required test.

(a . . . Ce
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-
cositly 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-
catign 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-
ficatjon Report.

(b} Qualification testing shall be performed measuring
horizontal (transverse and longitudinal) and vertical drag
forcg. Limits for the drag force associated with moving the
pistdn with rated load applied under a range of specific
applled velocities at various temperatures shall be estab-
lished and documented. At a predetermined temperature,
the vliscoelastic damper will act as a gap restraint and shall
be gpalified according to existing Section QDR require-
ments.

(c] Rated loads for applicable ASME Code Seryice
Leve]s for active dampers’ axes shall be defined.

(d} Spring rate stiffness shall be determinéd 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=Methods of spring
rate ptiffness determination shall-be-identified in a Quali-
ficatjon Report for each type,and-size of damper.

(e} Damping resistance characteristics shall be deter-
mingdd dynamically as a fufiction of frequency or velocity of
applled load. Method«of‘damping resistance determina-
tion|shall be identified in a Qualification Report for
each|type and size_of damper.

(f)| The rangeof movement is a parameter to be dimen-
sionglly verified, but no further testing need be performed.

The testing frequency shall be as specified in the Design
Specffication 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 and documented to define
damper elastic stiffness.
amping resistance characteristcs tor_cyclic load,
size, and temperature as required for stiffness.epyaluation
shall be determined and documented.

QDR-6223.4.2 When the Damper Is Infended as
a Restraint for an Impact or Impulse Load

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

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

(c) Damper functional characteristics [above a
maximum defined temperature shall be verified and docu-
mented if) accordance with gap restraint qualification
procedures.

QDR-6224 Aging Simulation. The Qualificdtion Plan
shall specify the aging simulation and any aflditional
testing based on requirements in the Qualificatjon Spec-
ification. Aging simulation equivalent to servife condi-
tions shall be conducted.

The manufacturer shall specify the level of lgw-ampli-
tude, high-frequency vibration (axial and/or transverse)
that the restraint design can withstand without adversely
impacting the operating parameters of the resfraint.

QDR-6225 Special Tests. The Qualification
specify special tests for the restraint design if re
the Qualification Specification. Test setup and e
used shall closely simulate the required conditi
feasibility can be illustrated and correlation
results can be established.

Plan shall
quired by
juipment
n so that
between

following material data shall be included tp 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 foit compat-

QDR-6226 Material Data Requireme]:ts. The

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.
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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) dataon material and process 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).

(23)
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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

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

during/after being subjected to the environmental condi-
tions spécified 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 tpsting and exposure to the environmental condi-
tions spdcified 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) idéntification of the restraint tested

(b) the¢ last test conducted on the restraint in the test
sequence

(c) an

(d) su

(e) ap

(f) dis

QDR-63

lysis of the post-test restraint condition
mmary, conclusions, and recommendations
broval signature and date

bosition of the restraint

DO Candidate Qualification

QDR-6310 General Requirements. Candidate
restraint$ that are identical in construction (same manu-
facturer, fype, size, rating, etc.) to a parent réstraint may be
qualified| by preparing an Application/Report in accor-
dance with QDR-7320 and referencing the appropriate
parent r¢straint Qualification Repost:

Candidate restraints that are(not identical in construc-
tion to a|parent restraint may be qualified by extension
through pppropriate analysis and/or testing.

This sybsubarticle js-fot intended to be a stand-alone
qualificafion-by-analysis technique. It contains guidelines
for the finctionalsgualification of a candidate restraint
based on| the_éxtension of parent restraint qualification
by analyjsis. The analy51s technlques and procedures

predlctlons w1th the parent test results As such quallflca-
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 sulffi-
cient design similarity exists (in accordance with
QDR-6320), qualification of the candidate restraint can
be demonstrated by a test-verified analysis procedure
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established 1 QDR-6540.

QDR-6320 Design Similarity

QDR-6321 Allowance for Differences. Any andlysis
must make allowances for differencésin dimensjons,
performance characteristics, working\fluid, orientdtion,
and other parameters. In order to .address these allow-
ances, the test-verified analysis procedure sha]l be
based on the similarity between the parent and cand|date
restraints. The similarity must be sufficient to justify the
applicability of the analysis procedure to these parpme-
ters. The establishment of certain design similarity criteria
will also provide-qualification assurance for those pafram-
eters that aredifficult to address in an analysis proceflure.

QDR-6322 Similarity Requirements. For qualfica-
tion of a candidate restraint by the test-verified andlysis
methods, the requirements for design similarity| and
evaluation of differences shall include, where applidable,
but not be limited to, those parameters address¢d in

Mandatory Appendix QDR-L.

QDR-6330 Analysis Procedure
QDR-6331 Selection and Documentation

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

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

h the

QDR-6332 Procedure Requirements

(a) Where not verified by test, a detailed analytical
model shall be prepared to address each item list¢d in
b). The model can range in complexity from a sijnple
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) The analysis 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

(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

resty

the 1
misalignment of the specified load

(4) relative deflections that affect clearances
een all essential-to-function parts that undergo rela-
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
sories to the restraint

(8) other functional parameters as designated in
e QDR-4000

betw
tive

dacce

artic|

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 aqdcordance with QDR-6200. The parent restraint test
program shall include additional measurements or testing
as negcessary to satisfy the requirements of QDR-6300.

2) supplemental tests performedoutside 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 manufactirer to verify restraint sizing
calcylations, dead band, calculations, and restraint break-
away force calculations. The restraint supplier shall
demgnstrate applicability of these tests to the restraints
being qualified.

3) refetence to standard textbook calculation
prodedures\that have been extensively verified, are
widgly_used, and are accepted throughout the industry

- requirements listed below. Design similarity must be

. - o established based on the lack of potential effect.qn perfor-

(3) stresses and deflections for all critical points in . . .

: . s mance with regard to all functional parameters [e.g., acti-
estraint based on the maximum specified angular ) )

vation, release rate, drag force, dead band, and spring

rate). Environmental conditions identified in thle Qualifi-
cation Specification must be conSidered. The following
specific parameters shall be considered in estpblishing
similarity of design:

(a) Design/Configuration. Applicable c
restraint parts shall be-sitnilar in design and conf;
the principal difference’being overall size and/dqr weight.

(b) Materials*Differences in materials of restraint
components needto be accounted for. Material differences
are acceptable provided that

(1) ‘appropriate adjustments are made bas
relative material properties and

(2) due consideration is given to function
mance capabilities of materials and combination
rials

(c) Dimensions/Tolerances. Physical dimens
tolerances of applicable candidate restraint p
be considered.

(d) Surface Finish. Surface finishes of applica
date restraint parts shall be considered where a

(e) Fabrication/Assembly Method. Fabricqti
assembly method (e.g., welding, bolting) shall
ered.

ndidate
guration,

ed on the

] perfor-
5 of mate-

ions and
hrts shall

le candi-
)pllcable

candidate restraint parts shall be considered where ap-
plicable.

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

QDR-7000 DOCUMENTATION REQUIREMENTS
QDR-7100 Scope

Quallflcatlon documentatlon is 1ntended to verify that

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 IlII, Subsection NF, the analysis procedure
is applicable in its entirety, without further verification,
to candidate restraint sizes and ratings that
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tion when used for its intended service. Quallflcatlon 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.


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

ASME QME-1-2023

(b) AQualification Report, as described in QDR-7310, is
required to document parent restraint compliance with
Section QDR.

(c) AnApplication Report, as described in QDR-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-
fication Report) shall be prepared with appropriate exam-
ination ahd test record forms. The Plan shall define test
objectives, test instrumentation, conditions of the test,
orientation, permissible maintenance or adjustments,
and acc¢ptance criteria. In addition, the Plan shall
define specific analytical techniques and acceptance
criteria tp be used for the extension of parent restraint
qualificafion to candidate restraints using QDR-6300.

QDR-7300 Reports
QDR-7B10 Qualification Report

(@) A

parent rq

Dualification Report shall be prepared for each
straint qualified in accordance with this Stan-
dard. Th{s Qualification Report shall provide complete
identificgtion of the restraint by type, size, rating, and
other dafa as appropriate, including the Qualification
Plan, testiresults, and examination data. The Qualification
Report shall also contain a summary of the methodologies
used and the parameters established by the functional
qualificafion testing and analysis. Any specific limitations
that restfict qualification shall be stated.

(b) Where prequalified parts of the restraintare used in
the restrpint qualification, the Qualification Report shall
referencg the report(s) on which such prequalification is
based. Inpddition, it must be shown that themounting and
integratipn of any prequalified part do hot degrade or
otherwisp interfere with the prequalification of the part.

(c) Eag¢h Qualification Report.shall be certified by one
or more [ertifying Engineers-in.accordance with the re-
quirements of QR-8620.

QDR-7B20 Application Report

(a) An
the suita

Report is

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
through appropriate analysis and/or testing as outlined in
article - : Ttion,
reference the appropriate parent restraint Quatlification
Report and further show how each of the specific‘applica-
tion requirements of the Qualification Specificatipn is
appropriately addressed by the parent, restraint r¢port
or other tests and analysis.

(d) Qualification of a candidate féstraintis based op the
individual test conditions for & parent restraint angl the
guidance for extension of.qudlification 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 qualifigs for
the operating conditions shown in the Qualificgtion
Report. This may/be accomplished by direct compatison
with an identical parent restraint or by supplementary
analysis.and/or testing. Any supplementary analysis
and/op teésting shall conform to the requiremenits of
QDR-6300 and show that the qualification of a given
parent restraint constitutes a valid basis for conclysion
that the design of the candidate restraint is of at Jeast
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 degrafle or
otherwise interfere with the prequalification of the [part.

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

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

(2) complete description of the candidate restfraint
construction configuration, including an assembly

den-

Avplicat . . drawing. This description shall include a complete {den-
pplication Report is required to demonstrate o . . .
o . . tification of the restraint by type, size, and rating.
bility oftany candidate restraint to meet the re- '

. e o o (3) asummary of the functional parameters andhow

quiremepts(ofya specific application. An Application . )
. . . they are met by the candidate restraint.
required for each serial-numbered restraint; PR L  restraint-Ouatifientio
(TJ ITCICTUCIICT LU UIIC k.lal CIIt 1reotrariit L{uauu\, 1 n

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

50

Report(s) on which the candidate restraint qualification
is based.

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

(6) alltestresults 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

more Certifying Engineers in accordance with the require-
ments of QR-8630.

51
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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 Spedification for dynamic restraints for applications
in systen]s important to the safety of nuclear facilities. The
requiren]ents of this Appendix take precedence when they
conflict with the requirements of article QR-6000.

QDR-1-2000 PURPOSE

The Qyalification 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
restrainf manufacturer, it shall be approved by the
Owner. Cpmpliance with these requirements for the Quali-
fication Jpecification is intended to ensure that the oper-
ating confditions and functions of the restraint have been
adequatdly defined. This will permit the restraint manu-
facturer o demonstrate the adequacy of both the design'of
the restrdint and the materials used in its construction for
the intenjded service.

QDR-1-3000 REFERENCES

Referehces are as listed in article QR-3000. Additional
referenc¢s may be identified by the Owner.

QDR-1-4000 DEFINITIONS

Definifions are as liSted in articles QDR-3000 and
QR-4000. Additional\definitions may be identified by
the Ownér.

QDR-1-5000-QUALIFICATION SPECIFICATION

CONTENTS

(f) installation and orientation requirements
QDR-1-5600)

(g) maintenance, examination, and testing reqpire-
ments (see QDR-1-5700)

(h) special performance requifements
QDR-1-5800)

(see

[see

QDR-I1-5100 Application_Characteristics

The application charactetistics of each restraint shiill be
identified by listing whichever of the following descriptive
terms is appropriate:

(a) seismic restraint

(b) dynamio ferce restraint

(c) vibration restraint

(d) pipe’whip restraint

(e).elief valve restraint

(fl>others, including combinations of the above

QDR-1-5200 Design Requirements

The following information shall be specified:

(a) design temperature range

(b) time-temperature data for design thermal trpnsi-
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 th¢ line
of action without loss of functional capability

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

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

(g) others, as applicable

QDR-1-5300 Operational Requirements

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-1-5100)

(b) design requirements (see QDR-1-5200)

(c) operational requirements (see QDR-1-5300)

(d) functional parameters (see QDR-1-5400)

(e) special material requirements (see QDR-1-5500)
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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

restifaints to perform within normal and abnormal envir-
onmepntal conditions, with or without maintenance, shall
be stfated. Since the attaching hardware can influence the
performance of the restraint, it shall also be considered.
The pperating environment for all service levels shall be
consjdered and shall include

(a) chemistry

(b} temperature

(c] pressure

(d}) humidity

(e] radioactivity

(f)] airborne particles

(g} others, as applicable

QDR-I1-5400 Functional Parameters

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

(a) Hydraulic Snubbers
(1) activation level (when applicable) atloads, toler?
ancep, and temperatures
(2) release rate at 5%, 10%, 25%, 50%, and 200% of
rated load and at Level C Service Load at toleranhees and
temperatures
(3) acceptable limits for the breakaway force at
temperatures
(4) acceptable limits for drag/force associated with
mov]ng at velocities and tempefatures
(5) acceptable limits for the dead band at loads,
restifaint locations, and temperatures
(6) load ratings fornall service levels
(7) acceptable range of spring rates at temperatures,
freqiiencies, load ratiges, and load classifications at which
the spring rate istobe determined with restraint locations
at vy, 1/2-, and 3/4-stroke locations
(8) availability of full design stroke
(9), fluid level sufficient to maintain acceptable

187 avallaBlllEy of rull aeSlgl’l Stroke

(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 springrate is to be determined with restraint locations
at 1/4-, 1/2-, and 3A}-stroke locations

(9) lubrication degradation that can affect other

parameters
(c) Gap Devices

(1) acceptable limits for the drag force

(2) inclusion ofthe range of available gap adjustment

(3) acceptable range of Spring rates at load ranges,
tolerances, and load classifications

(4) acceptable number of cycles for sprirlg fatigue
testing

(5) acceptable limits for drag force associjited with
moving under a¢specified velocity

(6) load\ratings for all service levels

(d) Visceelastic Dampers

(1. aeceptable limits for the drag force

(2)" load ratings for all service levels

(3) acceptable range of spring rates at gositions,
temperatures, frequencies, load ranges, and loafl 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

Special material requirements of the restraint $hould be
specified. Items to be considered shall include, Qut 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) any material that can affect the intended fynction of
the restraint

QDR-1-5600 Installation and Orientation
Requirements

Operafinn 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%,and 100% of rated load and at Level C Service Load at
tolerances and temperatures

(3) acceptable limits for the breakaway force at
temperatures

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 the mechanical 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) consideration ofthe conservative worst-case instal-
lation, if such an installation exists, as identified in
QDR-6221 shall be given

QDR-I-

Testing Requirements

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

(a) Prpvision for restraint maintenance, examinations,
and testihg shall be specified.

(b) Spgcial provisions for in situ restraint maintenance,
examinatfions, and testing shall be specified, if required.

(c) Refjuirements 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

QDR-1-5800 Special Performance Requirements

Other requirements for special performance or logding

conditions, as applicable, shall be speCified.

QDR-1-6000 FILING REQUIREMENTS

A copy of the Qualification.Spécification shall be filed at
the location of the installation'and shall be available tp the
enforcement authorities having jurisdiction ovey the
facility installation.

54
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Nonmandatory Appendix QDR-A
Restraint Similarity

QDR-A-1000 SCOPE

THis Appendix provides guidance in determining
whether design similarity exists such that the qualification
analysis procedure may be applied to candidate restraint
sizeqd 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

D4gsign 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
thropigh 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 qualificatiolf
analysis procedure without further verification by testing.

QDR-A-2100 Similarity of Design Configuration

D4gsign configuration similarity implies that the signifi-
cantdesign features that influence or control performance
parameters are identical or similariin*configuration. In
thosp cases, it may be possible-te-correlate test data
from one size to another.

Ad an example, for many-hydraulic snubbers, the acti-
vatign and release rate parameters are defined in terms of
flow|rate and pressure.\For hydraulic snubbers that use
the same control valveor a similar configuration, the effect
of temperature on.these parameters may be determined
by ektrapolation or interpolation of data obtained by
testihg only\otie snubber size.

Likewise, for mechanical devices that use identical
mechanical means to transfer motion or force, it may

Other design features that may affect the performance
characteristics of the restraint include similar|ty of the
mass of moving parts, cumulative tolerances|as parts
get larger, effects of volumetric changes, varjances in
contact and load transfer surfacesyand heat trangfer 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 prjoperties)
are used(Justification of differences should be provided.

QDR-A-2300 Similarity of Dimensions and/or
Tolerances

Similarity of critical dimensions may enable gualifica-
tion to be extrapolated to multiple sizes. For instqnce, seal-
aging data obtained by testing O-rings of a sp4cific size
may be applied to other O-ring sizes that have the
same cross-section thickness, if the cross-sectipnal area
is the critical characteristic and material and|environ-
mental similarities are verified. The same gpproach
could potentially be used for mechanical seals 4nd bear-
ings. Tolerances for mating parts should be evalgated and
any differences justified, taking into consideratipn effects
from scaling (i.e., thermal expansion, contacf surface
areas, increased friction, and similar consideraftions).

QDR-A-2400 Similarity of Surface Finish

Wear or aging data obtained by testing restrhints of a
given model may be applied to other models, proyided that
surface finishes between mating parts for which relative
motion exists are representative of the restraintg to which
the data are to be applied. Care shall be taken td evaluate

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,
orload rating. The applicability of this method depends on
quantifying the exact similarities and addressing any
differences relative to the parameter being investigated.

effectsof any differences betweer surfaces, thicknesses,
and localized force application.

QDR-A-2500 Similarity of Fabrication or Assembly
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, and any other 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. Thiickness of plating, exposed surface area, and
orientatipn shall be considered.

QDR-A-2700 Similarity of Production Testing

Production tests for some snubber models may involve
quasi-static testing in which activation parameters such as
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
i i ificati data
from one restraint model to another. Any différgnces
in critical characteristics or test parameters.betyeen
qualification test results and production' test repults
that could affect performance of the restraint shall be pval-
uated.
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Nonmandatory Appendix QDR-B
Typical Values of Restraint Functional Parameters

QDR-B-1000 SCOPE

This Appendix is an example of how to specify the func-
tionfl parameters required by Mandatory Appendix
QDR-I. The selection of applicable parameters and
valugs, either the onesidentified herein or others specified
as rgquired, 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-
tiongdl parameters are as follows:

(a) activationlevel 4 inches per minute (IPM) to 20 [PM
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
tempgerature of 65°F to 75°F

(c] breakaway for less than 1 kip rated load, 5% maxi;
for 1 kip and above, 3% max.; measured at 65°F to_75°F

(d} dragforlessthan 1kip ratedload, 5% max.; for1 kip
and above, 3% max.; measured at no more than'2 IPM at
65°H to 75°F

(e] deadband (lost motion) not to exceed0.04 in. when
meapured 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
loadjexcluding end attachments, and not to exceed 0.125
in.; heasured at Y-, %>.and ¥, -stroke locations at a
tempgerature of 65°Fta75°F

(h) the stroke to'be able to accommodate the thermal
and flynamic mevements plus an additional 1 in. of travel
on epch end (inclusive of installation tolerances)

(i)] fluidloss rate not to exceed that which would impact
the snubber functionality during the expected service life

~

10% of rated load is applied in 0.030 sec~Only a small
fraction of the rated load is normally required tp activate
a restraint. Effects of temperature shall be notpd as ap-
plicable.
(b) Release rate for a snubbet. that does not have an
active/passive mode should pe ' within 25% of the theo-
retical performance curves,at"5%, 10%, 25%, $0%, and
100% of rated load and,at'\Lével C Service Load heasured
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/dragnotto exceed 1% of the rated load,
measured-at 65°F to 75°F.
(d) Dragforlessthan 1kip ratedload, 5% max|; for 1 kip
andcabove, 3% max.; measured at no more than 2 IPM at
659F to 75°F.
(e) Deadband (lost motion) not to exceed 0.04 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 displacemgnt under
load, excluding end attachments, not to exceed|0.125 in.
measured at %-, %-, and ¥, -stroke locations ata tempera-
ture of 65°F to 75°F.
(h) Stroke thatis able to accommodate the thgrmal and
dynamic movements plus an additional % in. oftravel 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 flinctional
parameters are as follows:

(a) for gap, see QDR-4310

(b) spring rate tolerances to be +20% if n¢ specific

of t

i
CUTITPUTICTIT

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 a maximum value of 0.02g; velocity-limiting
snubbers less than 5 kips not to exceed 66.6 IPM, for
greater than 5 Kkips not to exceed 40 IPM. For snubbers
with a release rate of zero, the unit shall lock when at least

value 1s 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 examples of values for viscoelasticdamper func-
tional parameters are as follows:

(23)
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(a) Limits for the drag force associated with moving the
piston with rated load applied under a range of specific
applied velocities at 122°F (50°C) and at 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.

at repredentative impact or impulse loading rates.

(d) Repultant damper spring rate and damping at 68°F
(20°C) apd 122°F (50°C).

(e) Spring rate of the damper for active degrees of
freedom [at a different velocity of the piston applied as
acycliclgad at 0.1 Hz (effectively static load) and at incre-
mental rdtes of loading in the range specified in the Quali-
fication Ypecification.

(f) Regtraint spring rate curves for different levels of
rated loafl with a cyclic rate of loading through the Quali-
fication Jpecification 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.

SIMULATION QUALIFICATION
PROGRAM

The qualification program should. specify a sfeam
humidity simulation of 350°F (177°C€).saturated sfeam
for 72 hr if the restraint service area is'inside the conftain-
ment. It should specify submergence in 200°F (93°C)
water for 72 hr if the restraint'\Service is in a watef en-
vironment.
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Section QP
Qualification of Active Pump Assemblies

QP-1000 SCOPE

Sertion QP contains the qualification requirements and
guidelines for active pump assemblies that are required to
perform a nuclear safety-related function in nuclear facil-
ities|(active pumps) or, alternatively, have been shown to
be rifk significant based on an approved risk significance
categorization process. Pump assembly items may be
quallfied as part of a single pump assembly or may be
quallfied separately, provided their combination into a
single unit is addressed. It is the responsibility of the
Ownler to specify those pump assemblies that require
quallfication to this Section.

Pump assemblies and pump assembly items qualified in
accofdance with this Section shall meet the requirements
of S¢ction QR. When the requirements of Section QP
conflict with the requirements of Section QR, the require-
ments of Section QP take precedence.

Sertion QP is applicable to all pump types. Specifically,
pumps that operate on velocity or displacement princi-
ples| regardless of the arrangement, are included.
Shaf-sealing systems, drivers, power transmission
deviges, and auxiliary equipment are includéd. Section
QP does not apply to electrical equipmernt, such as
motgrs, instruments, and control devices. Qualification
of tHe motor driver mechanical effects on the pump
assembly is included in Section QP.

QP-2000 PURPOSE

It |s the purpose of Séetion QP to provide requirements
for the qualificationof pumps. This includes the qualifica-
tion pf mechanical drives, such as turbines, as well as the
interffacing effects of the motor driver.

QP-3000-REFERENCES

THe_references are as listed in article QR-3000-

auxiliary equipment: items necessary to~support the
operation of the pump, shaft-seal systeny, driver, or
power transmission device, including any/appuitenances
as defined in ASME Boiler and Pressure Vegsel 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 removal medium
and separated, from the process fluid by a bartier.

injection flirid: a fluid injected into the seal area pt a pres-
sure higheér than the process fluid to lubricate anfl cool the
sealand, in some instances, to prevent leakage qf process
fluid ‘along the shaft.

motor driver: a class of machines that convert felectrical
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 point$ may be
specified for a pump within the flow range from
minimum flow to the maximum runout conditfon.

power transmission device: an item that trangmits 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.

pump assembly: the pump and grouping of items peeded to
ensure the operation of the pump.

shaft seal: a device designed to prevent or limit thfe leakage
of fluid between two surfaces of relative motion. This
includes mechanical end face seals and packing.

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.

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 of machines 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 equipment qualification are provided 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 ifieat
qualified|is required per Mandatory Appendix QP-I.

QP-6000 QUALIFICATION SPECIFICATION
QP-610

It is tHe responsibility of the Owner or the Owner’s
designee| to identify the functional requirements for a
pump aspembly. These requirements shall be provided
in a Qualification Specification prepared in accordance
with Marjdatory Appendix QP-I.

The manufacturer has the option to qualify the pump
assemblyf for more stringent parameters than provided in
the Qualification Specification, but shall ensure that the
parametprs to which the pump assembly is qualified
envelop those in the Qualification Specification.

The Qyalification Specification shall be certified by one
or more [ertifying Engineers in accordance with the re-
quiremeIts of QR-8610.

Responsibility

QP-620

The Qnalification Specification shall identify those
items thdt are part of the pump assembly. The Qualifica-
tion Spedification shall also define the interfaces between
the pump assembly and external attachments and
supports| When pump assembly items are'qualified sepa-
rately, the Qualification Specificatign shall also define
interfac¢s between the pump and.driver, shaft-seal
system, gower transmission device; and auxiliary equip-
ment.

Equipment Description and Boundary

QP-62)0 Pump Assembly/Pump. The pump assembly
includes the pump andits'shaft-seal system, driver, trans-
mission ¢levice, and-auxiliary equipment.

The pump pressure boundary is defined in ASME BPVC
Section I[I. The\pump includes items that

(a) coptain“the process fluid, such as the casing or

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 ext¢rnal
supports, which are supplied as part of thep
assembly.

QP-6260 Pump Stand. The pump stand\is the support
structure for the pump assembly, driver (electrjc or
turbine), and power transmission_device.

QP-6300 Margins

The required margin fér-acceptance criteria listg¢d in
Mandatory Appendix QR-T"shall be specified.

QP-6400 Aging

The effects/of the identified aging mechanisms sh4ll be
assessed and shown to be acceptable during the qualjffica-
tion process. Nonmandatory Appendix QR-B proyides
supplémentary details associated with the qualification
of nonmetallic parts.

QP-6500 Acceptance Criteria

The required acceptance criteria shall be specifi¢d in
accordance with the requirements of QR-6000(h)f and
Mandatory Appendix QP-I.

QP-7000 QUALIFICATION PROGRAM

QP-7100 General Requirements

A Qualification Plan shall be prepared to translatp the
Qualification Specification into a step-by-step qualifica-
tion program. The Qualification Plan shall also clg¢arly
describe how to demonstrate that the pump assembly
will perform its safety function under all operating cpndi-
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 cpndi-

barrel, irrctudinmg mozztes,; thermatbarrier;amd closure
members

(b) propel the process fluid, such as the impeller

(c) areanintegral 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.

tUons Sndll be clearly descriped 111 tne Speclicdation.

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 in QP-6200, may be excluded from the qualification
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 the pressure 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

QP-7300 Functional Qualification

Methods for qualification of pump assemblies and pump
assembly items shall be in accordance with the require-
ments of QR-7300. Analysis may 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

pumbp assemblies
r r

the Qualification Specification required by article
QP-4000.

The qualification program, as described in the Qualifi-
catign Plan, shall account for dimensional variations of
critigal clearances of essential-to-function parts.

Arly 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
dempnstrate 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
pumlp Qualification Specification. The qualification
program shall demonstrate that the design-limiting allow-
able ariation in the critical clearances between essential-
to-function parts during the manufacturing phase shall
not fender a pump assembly incapable of consistent
perfprmance 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 qyalified pump assembly may be extended to
another pump assembly through limited“testing and
dempnstration of design similarity (see QR-7340). This
extepsion of qualification is based“on the condition
that| both pump assemblies{use the same design
conceptand that critical dimefisional clearances are main-
taingd. Diagnostic testing'(such as vibration measure-
menfs for displacement,\velocity, or acceleration) shall
be performed during the qualification testing covered
by this Standard.

QP-7200 Identification of Potential Malfunctions

Pdtential'malfunctions shall be identified in accordance
with|the'requirements of QR-7200. Examples of potential

QP-7310 Pump. Pump qualification shal/lconsider
significant hydraulic and mechanicalydesign factors
that can degrade and impact the ability*of the|pump to
perform its specified functionAnaddition [to aging
effects, qualification techniques_shall address ahd incor-
porate, as necessary, the impdctof periodic testing, main-
tenance, overhaul, and replacement of essential parts of
the pump assembly. The gualification method shall iden-
tify the service conditions for which the pumgp is being
qualified as descrjb&d in (b).

(a) The pump_qualification program shall influde the
following:

(1) xesting over the full range of normal and design-
basis event (DBE) operating points for hydrauljc perfor-
marice,leak tightness, and structural integrity, Including
anticipated system fluid conditions, low-suctjon head,
recirculation cavitation at low flow or recifculation
mode, and elevated water temperature.

(2) the test assembly with the pump, its
equipment, and the baseplate (if one is provid

(3) visual and dimensional inspections §
priate intervals to identify excessive wear or de
of pump assembly parts.

(b) Service aspects that shall be considered
lating a qualification program are

(1) pump functional conditions {such as flgw capac-
ities, developed head requirements, suction head
provided [NPSH available (NPSHA) and its unceftainties],
system fluid conditions including transients, ¢perating
time, and operating frequency anticipated over the life
of the facility}. Functional conditions shall inclpde peri-
odic inservice testing (IST) and anticipated in¢perative
periods.

(2) system fluid conditions with the full
potential debris as described in QP-7370.

(3) environmental conditions.

auxiliary
bd).

t appro-
bradation

n formu-

range of

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.

61

() Starting TequiTeTTeTntsS:

(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, permissible maintenance
or adjustments, and acceptance criteria. A shaft-seal
system test facility shall be used that provides rotation,

operation up to and including design-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-

approprijate means for pressurization, fluid thermal tion to aging effects, qualification technigues shall address
control, jand seal leakage measurement. Prior to the and incorporate, as necessary, the impact of perjodic
start of 3 test sequence, all system conditions shall be testing, maintenance, overhaul, and replacement of e$sen-
recorded as applicable to the test shaft-seal assembly tial parts of the turbine driver. The qualification mgthod

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, pregsure, and seal face power requirements. The test
fluid shall include the range of potential debris as noted in
QP-737(. 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 ¢xtend previous testing to the specified design
service donditions, provided the analytical techniques
have beeh validated through comparison with measured
performdnce of a comparable shaft-seal system. Types of
permittedl analysis include heat generation and removal,
mechanifal stress, thermal stress, wear rate, interface
velocity, §xial movement, radial movement, angular move-
ment, tosional deflection, and natural frequency.

Environmental and aging effects on the materials of
construcfion shall encompass the process and enviromn=
mental effects on the material properties. The environ-
mental qualification program shall include nonmnietallic
compongnts, such as O-rings and the rotatirig and
stationdry seals of the mechanical seal.that may
contain fjonmetallic materials.

Nonmgndatory Appendix QP-E provides guidelines for

shall identify the service conditions for which the tugbine
driver is being qualified as described<in,(b).

(a) The turbine driver qualification program
include the following:

(1) testingover the full range of operating condifions
from normal operation up-terand including design-pasis
accident conditions for steam performance, leak tighthess,
and structural integrity.

(2) the testrassembly with the turbine an
auxiliary equipment.

(3) visual and dimensional inspections at af
priate intetvals to identify excessive wear or degrad
of turbineparts.

(49’ loading and vibration of bearings and couplings.

(b) Service aspects addressed in formulating a test
gualification program shall include

(1) turbine functional conditions (such as tugbine
horsepower/speed including transients, operating fime,
and operating frequency anticipated over the life of
the facility).
NOTE: Functional conditions shall include periodic insqrvice
testing and anticipated inoperative periods.

chall

d its

pro-
htion

(2) environmental conditions.
(3) starting requirements.

shaft-seal system material and desjgn consideration when 4 I tine load
qualifying the shaft-seal system: (5) no:ma ﬁpera I?g dola Sd h L. d
The mpnufacturer shall dethonstrate the adequacy of 1( )l ez ernally applied loads (such as seismig an
the shaft}seal system in eithet or both of the following nozzie foa S)'_ . . .
ways: (6) bearing performance, including acceptabld dis-
(a) by supplying@ tumentation as specified in placemer}t during normal opera.ti.on and design-basis
QP-8200 that the-proposed system was qualified events with normal and upset piping loads, acceptable
) : . time period for bearing performance with abnorma| dis-
through p comprehensive testing program. The testing . . .
program| shalhyhave included full-scale tests over the placement, anq acceptable nonm.etalllc.s used in bea (1ES:
full rangg¢ of'Operating conditions from normal operation (7) coupling performance, including acceptablg dis-

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 system qualification shall include full-scale tests
over the full range of operating conditions from normal

62

p}a\.cuncut dul ills ITU1 llld‘l Ul)cl CltiUll aud dcaigu-uasis
events with normal and upset piping loads, acceptable
time period for coupling performance with abnormal dis-
placement, and acceptable 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
IEEE Std 323 and IEEE Std 344. Qualification of any motor-
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
max{mum misalignment a
the rptational speeds for which the assembly is to be qual-
ified| This misalignment may be verified by calculation or
test. [The maximum misalignment versus rotational speed
shalll 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 iump assembly is being qualified.

Q

(a)) Power transmission device qualification shall
addiess significant hydraulic and mechanical design
factdrs that can degrade and impact the ability of the
devife to perform its specified function. Qualification
shallladdress the full range of speed and horsepower re-
quir¢ments. In addition to aging effects, qualification tech-
niqups shall address and incorporate, as necessary, the
impdct of periodic testing, maintenance, overhaul, and re-
plac¢ment of essential parts of the power transmission
devige.

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 condition§ from normal
operption up to and including design-basis accident condi-
tiong§ for both mechanical performance and structural
integrity.

(2) Visual and dimensional/inspections shall be
perf¢rmed at appropriate intervals to identify excessive
weap or degradation.

(3) Maximum alloWwed static misalignment shall be
determined for installation and maintenance guidelines.

(b)) Service aspects addressed in formulating a test
qualffication pfogram shall include
(1) poweértransmission device functional conditions
(speled, horsepower, operating time, and operating
frequieney anticipated over the life of the facility). Func-

-7340 Power Transmission Device

(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

ice,i ificati ignifi ydraulic
and mechanical design factors that can degrade and
impact performance of the specifiedAfunction. The
approach to qualification shall identify theservice condi-
tions and interfaces with pump assetbly items.

pipe end loading shall be considered in the qualiffi
the power transmission.device (see QP-7340). Care shall
be taken to avoid a natural frequency of the pump stand
near the driver rotatiohal speed in revolutions p¢r minute
(rpm).

QP-7370Qualification for Ingestion of Air and/or
Debris.Thé pump assembly, including th¢ sealing
systenias applicable, shall be qualified to accommodate
postulated debris ingestion as specified by the Pwner in
the/procurement/Qualification Specifications. The quali-
fication shall consider the full range of potentfal debris
including post-LOCA debris constituents (such|as mate-
rial, quantity, size, density, abrasiveness, and c¢ncentra-
tion in fluid); pump capability over the full misdion time;
verification that debris distribution size during ftesting 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 materjial in the
specification; and capability of filters in the pump
assembly or associated components to perfqrm their
intended function without clogging or otherwise
causing adverse pump performance.

The Owner shall specify qualification requirements for
air/gas ingestion in the procurement/Qualificatjon Speci-
fications.

The following are qualification methods for a}dressing

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 designgd debris

load in the procurement/Qualification Specifications.

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).

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 the maximum debris 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, and concen-
tration in fluid) and any limiting conditions of operation as
a result of the debris load.

For both qualification methods described in (a) and (b),
credit taken for debris separation or filtration from seal or

bearing flUSHing flow shall be corroborated Dy tesung. € pIpINg System designer, who shall design the syktem
. . such that the load cannot be exceeded.
QP-7400 Environmental and Aging (c) The maximum stress intensity in the attafhed

Considerations

Pump pssemblies and pump assembly items shall be
qualified|in accordance with QR-7311 or QR-7321. Envir-
onmentall 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 nonmgtallic parts.

Dynamic/Seismic Loading

p assemblies and pump assembly items shall
be qualified in accordance with QR-7312 or QR-7322.
Nonmangatory Appendix QR-A provides supplementary
details gssociated with the dynamic qualification of
mechani¢al equipment. The qualification shall consider
if the pump is operating during the dynamic event, if
so speciffed.

(b) Qdalification for seismic and/or dynamic loads
shall denjonstrate the ability of a pump assembly to-with-
stand a Joading that is representative of the-specified
seismic Ipad qualification level.

(c) Seismic qualification of pump assemblies shall be in
accordanice with IEEE Std 344 or Nonmandatory Appendix
QR-A.

(d) All essential-to-functionaccessories shall be
attached fto the pump assembly{ The essential-to-function
accessorjes 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) Thg determination of the allowable static misalign-
ment of the power transmission device shall consider the
impact of the-seismic and/or dynamic loading.

(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) The maximum load that can be placed on the pump/
turbine such that operation is not adversely affected may
be qualified by test. In turn, this load shall be supplied to

piping at the pipe-to-piping/turbine junction resulting
from the combination of the primary or local memHrane
stress (Py or P,) plus the bending Stress (P,) pluf the
expansion stress (P.) shall be lintited to a value of|(G,/
Fp) x S, with G, and F, as defihed below. That is,

(PyprorPr) + Py +R°< (G /Fp) X Sy

where
F, = bending modulus of the connecting pipe
G, = pumpasSembly body section modulus af the

crotch région

P, = bénding stress
P, =‘expansion stress
P,-%Jlocal primary membrane stress
Py = primary membrane stress

S, = yield strength

If Gp is unknown, then (G,/F,) may be taken as [.

The determination of the maximum stress intepsity
shall be based on the highest combination of concufrent
loads considering all concurrent loads defined in the
Qualification Specification. The value of S, shall be
taken at the highest metal temperature of the attached
piping for the concurrent load combination under copsid-
eration.

QP-7700 Extrapolation of Qualification of Pymp
Functional Capability

The extrapolation of the qualification of the functjonal
capability of a qualified pump assembly to another gump
assembly shall be justified using a combination of ahaly-
tical comparison of physical attributes and diagnosti¢ test
data. Nonmandatory Appendix QP-D may be used for

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).

uuuuuuuuuu apo-
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

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.

for yse i i
that wmw%wm—rm—rrmen prequalified components o e pump

the pump is performing as it was specified. The
pumpp needs to be testable as required by the ASME
OM (ode. The requirements of this subarticle are the
resppnsibility of the Owner.

QP-8000 DOCUMENTATION

QP

(a) Qualification documentation is intended to verify
that pach pump assembly in a nuclear facility application
is quilified to perform its designated function when used
for ifs intended service. Qualification is substantiated by
showing and explaining the relationship between the
service requirements and the testing and analysis that
are ¢onducted as part of the qualification program.

(b) A Qualification Plan, as described in QP-8200, is
reqyired to translate the Qualification Specification
into|a step-by-step qualification program and the
testipg and analysis thatare conducted as part of the quali<
ficatjon program.

(c] A Qualification Report, as described in QP-83%10, is
requiired 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
requiired to document the suitability of any qualified pump
assembly and its production pump assemblies for a spe-
cific jnuclear facility application

QP-8200 Qualification Plan

A Qualification Plan;-which may be part of the Qualifica-
tion Report, shall be prepared with appropriate inspection
and fest recopdsito define test objectives, test fluids, extra-
polation paraneters, test instrumentation, conditions of
the test,(onientation, permissible maintenance or adjust-
ments,‘and acceptance criteria. The Plan shall also specify

8100 Documentation Scope

assembly are used as part of the pump assembly gualifica-
tion, the Qualification Report shall reference thie reports
on which such prequalification is based/In addition, it
must be shown that the mounting-and integfation of
this prequalified component on‘the pump ass¢mbly do
not degrade or otherwise interfere with the pregualifica-
tion of the component.

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

QP-8320 Application Report

(a) An"Application Report is required to demonstrate
the suitability of any qualified pump assembly and its asso-
ciated.production pump assemblies to meet thq require-
ments of a specific application. An Application Report is
required for each serial-numbered pump assembly, except
that pump assemblies whose construction anfl 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 address¢d by the
Qualification Report or other tests and analysis ag outlined
in Section QP.

(c) When prequalified parts of the pump assgmbly are
used as part of the pump assembly qualification, the Appli-
cation Report shall reference the reports on which such
prequalification is based. In addition, it must e shown
that the mounting and integration of this prequalified

part on the pump assembly do not degrade or qtherwise
interfere with the prequalification of the part.
(d) The Application Report shall contain the following,

as applicable:

the activities to ensure that production pump assemblies
will perform consistent with their applicable qualified
pump assembly.

QP-8300 Reports
QP-8310 Qualification Report

(a) A Qualification Report shall be prepared for each
pump assembly qualified in accordance with
Section QP directly or by extrapolation. This Qualification

(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) Asummary of the functional parameters and how
they are met by the pump assembly.

(4) Reference to the Qualification Reports on which
qualification is based.
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(5) Alltestresults 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.

(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 of mechanical fits and clearances of
the power transmission device. The documentation for the
power transmission device shall also be as specified in
IEEE Std 323 and IEEE Std 344 where these Standards

nanc?i o ;sfrcel;lti)n:riziftgionnqui?l?flizzirifr?ts and marnte- are invoked. The allowable static misalignment)of the
’ t ission devi hall be d ted.
(10)] Dimension of mechanical fits and clearances for power ran§m15519n evice s a. e- OCUMETEL
the pumyp assembly (14) Dimension of mechanical fits and dléarancgs for
' . . . auxiliary equipment.
(11)) Shaft-seal assembly drawing with appropriate (e) Each Application Report shall beleertified by ohe or

bill of maferials, service conditions, and precautions noted
that woulld preclude malfunction.

more Certifying Engineers in accordance with the require-
ments of QR-8640.
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Mandatory Appendix QP-I
Qualification Specification for Active Pump Assemblies

QP-|-1000 SCOPE

THis Appendix establishes requirements for a Qualifi-
catign Specification for active pump assemblies as
requiired by articles QR-6000 and QP-6000.

QP-|-2000 PURPOSE

(a) This Appendix provides details of functional re-
quirpments that supplement piping and pump codes
and ptandards applicable to active pump assemblies.

(b} Theinformationrequestedin this Appendix shallbe
provjded as part of the Design Specification or as a sepa-
rate [document.

(c] Compliance with the requirements of this Appendix
is infended to ensure that the operating conditions and
safefy functions of the pump assembly have been
adequately addressed and defined by the Owner as nec-
essary for the pump assembly to be qualified to Section QP.

(d) The Functional Specification shall ensure that the
Ownr has provided the qualification parameters for the
activie pump assembly to the manufacturer or qualification
facility.

(e} The Owner shall identify any qualification param-
eter$ (such as operating conditions, safety functions,
testipg requirements, or acceptance eriteria) in the Quali-
ficat{on Specification that are notlisted in this Appendix.

QP-|-3000 REFERENCES

Rdferences are as listed in articles QP-3000 and
QR-3000.

QP-|-4000 DEFINITIONS

Ddfinitions.dre as listed in article QP-4000.

QP-|-5000 QUALIFICATION SPECIFICATION

(b) The Qualification Specification shall alsodefine the
interfaces between the pump assembly and|external
attachments and supports.

(c) When pump assembly items ,are qualiffed sepa-
rately, the Qualification Specification shall alfo define
interfaces between the pumpvand driver, shaft-seal
system, power transmissien device, and auxiliafy equip-
ment.

QP-1-5110 Service Conditions

(a) Service conditions defining the applicatipn of the
pump assembly shall be specified.

(b) Service conditions consist of all operatipjg condi-
tions, inclading the seismic and environmental cpnditions
to which'the pump assembly will be subjected, annd the full
range of fluid flow, differential pressure, electri¢al condi-
tiens, and temperature conditions with debris-laglen fluids
for which the pump assembly shall have fynctional
capability to operate up to and including design-hQasis acci-
dent conditions.

QP-1-5120 Environmental Conditions

(a) Environmental conditions in which the ppmp is to
be operated, as well as conditions where the pymp shall
remain leak tight but need not operate, shall be ppecified.

(b) In cases where pump leakage is permfitted, 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 identifie

QP-1-5130 Design and Construction Charagdteristics.
The following characteristics shall be identified where ap-
plicable:

(a) pump type

(b) design life

(c) functional, operating, environmental, and service

CONTENTS

The Qualification Specification shall identify the
following, as applicable.

QP-1-5100 Pump Assemblies

(a) The Qualification Specification shall identify those
items that are part of the pump assembly.

conditions under which the pump operates

(d) operational modes, 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

(1) 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)

(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 pump nozzles, casing, and support attach-
ments

(h) seismic acceleration, both horizonal (two ortho-
gonal directions) and vertical

(o) mifiTmum operating flow lmitations 1] delimeation of whether the pump needs to opgrate
(p) usg of mechanical seals and type of seal cooler, if during the dynamic loading

applicable

(q) flow restrictor from seal cavity, if applicable

(r) vept and drain from pump casing and types of
connectigns

(s) tyde of pump nozzle connections and details

(t) connection requirements to other ancillary piping

(u) support and anchorage requirements and config-
uration

(v) co¢ling water piping Code requirements

(w) mlaximum input driver horsepower for diesel
generatof loading

(x) cogling water: minimum and maximum tempera-
tures, pressure, and maximum pressure drop

(y) engrained material for which the pump is designed,
such as djirt, debris, insulation, molten fuel, diesel oil, and
fish, undgr normal and abnormal service conditions
aration of running frequency from shaft natural

(aa) start-up and operating time

(bb) qoupling: flexibility, alignment, service'life,
bearing lpad, balance

(cc) specific location at nuclear facility (inside or
outside dontainment)

(dd) récirculation flow rate shutoff head

(ee) NPSHrequired (NPSHR) for ptumip assembly under
the full ringe of service conditiofis

(ff) unjcertainties in the qualification process

(gg) filter size and performance requirements

(hh) service and environimental conditions for qualifi-
cation of| nonmetallic(parts

40 Description of Interface Attachments and
Loads. The locatien, nature, and magnitude of externally
applied lpads-and structural characteristics for interface
attachments shall be specified.

(j) nozzle loading
(k) environmental qualification requirements
acceptance criteria

and

QP-1-5160 Materials and Manufacturing Require-
ments. The following requirements-shall be specified:

(a) specific material requirements

(b) specific manufacturing-requirements

QP-1-5170 Acceptance Criteria

(a) The Qualification Specification shall indicat¢ the
performance required from the pump assembly/gump
during specifiéd service conditions.

(b) Acceptance criteria shall be specified for

(1), capacity (flow)

(2) total developed head (or pressure)

(3) NPSHR including its range of uncertainti
discussed in (d)

(4) start-up and operating time based on fa
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 lifnita-
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 for pump assembly ifems
qualified separately

(17) operation time and flow rates when pump|
recirculation mode

LS as

Cility

isin

QP-1-5150 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

68

(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) NPSHR variation resulting from differences in air
content of water between qualification test and field
conditions

(5) NPSHR effects from wear ring leakage

(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,

QILI-5180 Testing Requirements. The following re-
quir¢ments shall be specified:

(a) shop performance test and measurements to be
take, including capacity, total head, power input, effi-
ciengy, NPSHR, and their applicable ranges; recirculation
flowJrate at shutoffhead; and vibration at the bearing or on
the ghaft

(b} prequalification transient test requirements and
acceptance criteria

QR-1-5190 Documentation, Instructions, and Limita-
tiong. The following requirements shall be specified:

(a) documentation requirements

(b} requirement for manufacturer’s provision of values
of mpximum allowable forces and moments

(c] operational limits for pump recirculation or opera-
tion [without cooling water

(d} requirement for manufacturer’s provision of values
for minimum flow capability and time limitations

(e} requirements for manufacturer’s provision:of
boltihg material, torque values, and washer configuration

(/{quantified acceptable limits for wear of bearings to

estabplish minimum service life

QP-|-5200 Pump Shaft-Seal System

QR-1-5210 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

ture

temperature, chemistry, and solids particle SizZg

(g) possible inaccessibility of pump during/¢peration
that restricts opportunities for visual\inspedtion and
preventive maintenance to the seal system

(h) the need for assembly and mainténance f¢
limit personnel exposure time in\radiation fiel

(i) shaft direction or rotation as viewed from
end

(j) specific location at facility site (inside of outside
containment)

(k) effect of wear, abrasion, and blockage due to
entrained material (includes debris and chemicql precipi-
tants)

(1) service/and environmental conditions for
fication, of nonmetallic parts

QP:=1-5220 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The
following requirements shall be specified:

(a) structural qualification requirements aj
tance criteria

(b) seismic and dynamic qualification requlirements
and acceptance criteria

(c) environmental qualification requirem
acceptance criteria

QP-1-5230 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specific material requirements

(b) specific manufacturing requirements

atures to
s
the drive

he quali-

d accep-

ents and

QP-1-5240 Acceptance Criteria
(a) The Qualification Specification shall specify the

1) number ‘of kcycles performance required from the shaft-seal system
2) duration of cycles during specified service conditions.
(d} conditions at seal cavity (b) Acceptance criteria shall be specified for the
1) @id pumped, specific gravity at given tempera-  following:
(1) flow rate of coolant through cooling jacKet or seal
(2) design pressures cavity

(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

69

(2) start-up and running torque requirements

(3) sealleakage rates under static and dynamic oper-
ating conditions

(4) maximum leakage rates under complete seal
failure

(5) operation with entrained material (including any
chemical precipitates)
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QP-1-5250 Testing Requirements. Specify the require-
ment that the pump shaft-seal system demonstrates that it
will provide acceptable sealing and seal injection, as ap-
plicable, over the full range of service.

QP-1-5260 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-1-5340 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

QP-1-53
QP-1-5310 Design and Construction Requirements

(a) required design life of major components (noncon-
sumableq)
(b) fupctional, operating, environmental, and design
conditior}s under which the turbine must operate
(1) flesign pressures and temperatures (maximum,
normal, gnd minimum) for inlet and exhaust
(2) |loperating pressures and temperatures
(maximum, normal, and minimum) for inlet and exhaust
(3) pperating conditions (such as brake horsepower
and revdlutions per minute) at corresponding design/
operating conditions
(4) pmbient temperature, pressure, humidity, and
radiation
(5) maximum horsepower
(6) fooling water: minimum, normal, and maximum
temperafures and pressures
(7) process fluid analysis (such as chlorides)

(c) opgrational modes, including operating and design
process lnlluid conditions, and duration and frequeficy of
operatio

(d) inf
utilities 3

(e) sh

(f) sp{

containn

DO Pump Turbine Driver

erface requirements (such as control system,
vailable, and flanged connections)

ft vibration limits

cific location at facility site-(inside or outside
ent)

QP-1-3320 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements

(a) selsmic and dynamic qualification requirements
(specificdtion shall.include definition of seismic environ-
ment) arld acceptance criteria

(b) envirénnmental qualification requirements and
acceptange \Criteria

facililty conditions

(3) capability of the governor system te_reg
steam flow within specified limits

(4) vibration limits

(5) bearing displacement

1late

QP-1-5350 Testing Requirements. Specify the require-
ment for demonstration that thé unit will operate thrpugh
all modes of operation for the.duration specified.

QP-1-5360 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation-requirements

(b) requirements for manufacturer’s provisid
bolting matefial, torque values, and washer configur

n of
htion

QP-1-5400 Power Transmission

QP-I-5410 Design and Construction Requirements.
The following requirements shall be specified:

(a) required design life of major components (nor
sumables)

(b) functional, operating, environmental, and d¢
conditions

(c) operational modes, including operating and d¢sign
process fluid conditions, and duration and frequenfy of
operation

(d) interface requirements

(e) shaft vibration limits

(f) specific location at facility site (inside or ou
containment)

con-

sign

[side

and
The

QP-1-5420 Structural, Seismic and Dynamic,
Environmental Qualification Requirements.
following requirements shall be specified:

(a) structural qualification requirements and a
tance criteria

(b) seismic and dynamic qualification requiren
and acceptance criteria

cep-

ents

(c) additional applicable design qualification require-
ments (i.e., pressure vessel analysis)

QP-1-5330 Materials and Manufacturing Require-
ments. Specify any material requirements that differ
from the manufacturer’s standards.

70

(c) environmental qualification requirements and
acceptance criteria

QP-1-5430 Materials and Manufacturing Require-
ments. The following requirements shall be specified:

(a) specific material requirements (if different from the
manufacturer’s standards)

(b) specific manufacturing requirements
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QP-1-5440 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

(d) interface requirements
(e) specific location at facility site (inside or outside
containment)

QP-1-5520 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

4) total indicated runout
5) cooling requirements
6) coupling displacement

Q
men
all m

-1-5450 Testing Requirements. Specify the require-
for demonstration that the unit will operate through
odes of operation for the duration specified.

QR-1-5460 Documentation, Instructions, and Limita-
tiong. The following requirements shall be specified:

(a) documentation requirements

(b) requirements for manufacturer’s provision of
boltihg material, torque values, and washer configuration

QP

QR-1-5510 Design and Construction Requirements.
The following requirements shall be specified:

(a) required design life of major components (noncon-
sumables)

(b) functional, operating, environmental, and desigfy
conditions

(c] operational modes, including operating andxdesign
procgss fluid conditions, and duration and frequency of
operption

-5500 Auxiliary Equipment

and acceptance criteria
(c) environmental qualification requirem
acceptance criteria

QP-1-5530 Materials and Manufacturing Require-
ments. The following requirements’shall be specified:

(a) specific material requiyements (if different from the
manufacturer’s standards)

(b) specific manufactutitig requirements

QP-1-5540 Acceptance Criteria. The Qualification
Specification shall specify the performance fequired
from any upiquely identified auxiliary equipment
during specified service conditions.

ents and

QP-I-5550 Testing Requirements. Specify thg
mentfor demonstration that the unit will operat
albmodes of operation for the duration specifi

require-
e through
pd.

QP-1-5560 Documentation, Instructions, anf Limita-
tions. The following requirements shall be specified:

(a) documentation requirements

(b) requirements for manufacturer’s proyision of
bolting material, torque values, and washer confliguration

71


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

ASME QME-1-2023

Nonmandatory Appendix QP-D
Pump Similarity Checklist

QP-D-I(IOO SCOPE

(a) Th

designer

(b) 1t

lishing ry

process

(c) Ap

is Appendix is provided to aid both the pump
and the specification writer.

ists items that may be considered when estab-
les of similarity between either pump designs or
onditions.

plicable similarity items, either the ones identi-

fied herein or others specified asrequired, may be selected

at the op

tion of the Owner.

QP-D-2000 PUMP DESIGN

The fo

(a) hy

6y
@)
3)
“)
()
(6)
7)
8
)

(b) md

6y
@)
3)
“)
()
(6)
(7)
(8
®)
(10)
(11
(12)

lowing parameters should be considered:
Araulic capability

rating of pump, discharge size, NPS (DN)

best efficiency point as a percentage of condition
rise-to-shutoff from condition

NPSHR and its range of uncertainties

Epecific speed

suction specific speed

tpeed(s) of rotation

ip speed

humber of vanes

chanical capability

size of suction and discharge nozzles, NPS (DN)
mpeller diameter, in. (mm)

ane treatment, finish and filing (over and under)
Stationary-to-rotating fit\clearances

Fotation

method of supporti(frame, foot, and centerline)
tpeed control (Constant/variable)

ype and siz€ of bearing system

ype and,size of drive coupling

stiffnessiof pump and driver support on base
arrangement (vertical or horizontal)

open or closed impeller

(1) type
(2) design
(3) application

QP-D-3000 PROCESS DESIGN

(a) The following conditions\for the pumped

should be considered:

(1) start-up conditions

(2) normal and abftermal conditions

(3) transient conditions of flow, temperature,
chemistry, and pressure

(4) test canditions

(5) process fluid conditions

(b) Thefellowing external conditions should be co

ered:

(¥’ start-up conditions

(2) normal and abnormal conditions

(3) transient conditions of flow, temperature,
chemistry, and pressure

(4) amplitude and duration of seismic excitati

(5) transient piping interaction

(6) cooling water for seal or bearing cooling

(c) Similarity may be undertaken only within pum
the same class and type.

(d) The collection of the parameters in (a) an
provides a means of narrowing the differe
between pumps.

(e) To establish similarity, it shall be shown that ¥
exposed to similar internal and external loads, expreé
as casing stress and assembly strain in response to no
and abnormal loads, similar pumps will exhibit congi
performance, both hydraulic and mechanical.

(f) Similar pumps must equally be expected to Y
stand similar aging effects and retain their abili
perform their specified design function.

(g) Exceptions may be considered if document

fluid

fluid

hsid-

fluid

pn

ps of

| (b)
nces

vhen
ssed
rmal
uent

vith-
[y to

tion

(13)
(14)
(15)

Singie or muttistage
metallurgy of wetted parts
shaft-seal system

(c) filters
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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 gnd design considerations for shaft-seal systems that
are intended to be qualified in accordance with the re-
quir¢ments of Section QP.

QP-E-2000 PURPOSE

This Appendix provides material and design guidance 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-
menfs the definitions found in Sections QR and QP:

stresp index: the ratio of the design stress to the minimun
ultimate strength of the material (S/S,).

QP-E-4000 MATERIAL CONSIDERATIONS

QP

Glaind plates and associated bolting-ate defined as pres-
surejretaining material by the ASME-Boiler and Pressure
Vesgel Code (BPVC), Section. I1¥¥ Requirements to be
inclyded in the Qualificatien~Specification for material
used)in pressure-retainingapplications are to be in accor-
dande with the appropriate ASME BPVC Section III clas-
sificgtion and its assoeiated material requirements.

QP

(a) Considerations to be included in the Qualification
Specjfication for material used for seal-mating faces appli-
cations-are.

F-4100 Pressure-Retaining Material

F-4200 Non-Pressure-Retaining Material

(b) Material with a stress index less than 0.1] used for
retainers, bolts, pins, bushings, and other partg, may be
manufactured from any material suitable for thelintended
service.

(c) Material with a stress index greater than|0.1, used
for springs, bolts, pins, and‘ether metallic or briftle parts,
should meet an ASME;-ASTM, or AMS specificqtion that
controls the quality,of the material.

(d) Proprietarymaterial with a stress indek greater
than 0.1, used for springs, bolts, pins, and other metallic
or brittle parts, that do not have a suitable natignal spec-
ification available should be qualified by testing|in accor-
danceswith Section QP. Such proprietary matgrials are
designated by a specific identification numbg¢r by the
material manufacturer and certified to megqt 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-sepl system
is designed to operate without maintenance for the design
life listed in Table QP-E-4200-1.

For service conditions other than normal, the $haft-seal
system is designed to operate without maintengnce for a
specified duration and specified number of cyclgs. If only
one cycle of aspecificoperating condition is specified, then
it is understood that replacement or maintenance may
occur before resuming normal operation, unlgss other
design considerations are specified in the Qudlification
Specification.

Special shaft-seal systems, such as double seal, tandem
seals, bellows, and/or cartridge seals, are to be sgecified in

(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-
ring when subjected to the maximum seal cavity tempera-
ture listed in Table QP-E-4200-1

(3) no detrimental wear rate, abrasion, or blockage
when subjected to the conditions listed in
Table QP-E-4200-1

the Qualirication Speciication.

QP-E-5200 Design Input

(a) The pump manufacturer 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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Table QP-E-4200-1
Shaft-Seal System Specification

Design-Basis Condition
Normal Conditions Design-Basis Inservice Hydrostatic Other
Shaft-Seal System Parameters [Note (1)] Events Tests [Note (2)] [Note (3)]
Conditions at Seal Cavity
Fluid [Note (4)]
Pressure, psia (MPa)
Temperatpre;,~F{€) NA
Thermal ffransient rate, range, and direction, NA
°F/min|(°C/s)
Thermal fransient duration, min NA
Allowable|leakage [Note (5)]
Radiation| rad NA
Speed, rpmn NA
Abnormal Condition Info (Design Life)
Number df cycles NA
Duration pf cycles, hr NA
Component Coolant Conditions
Pressure, [psia (MPa) NA
Temperatpre, °F (°C) NA
Flow rate| gpm (mm?/s) NA
Design Life

Static, hr NA NA NA
Dynamic, fr NA NA NA

GENERAL NOTE: NA indicates not applicable.
NOTES:

(1) “Normfal conditions” refers to seal conditions in pumps that\are required to function during normal facility operation.
(2) Includp this information if seal is to be used during hydreostatic tests.

(3) “Otheq’ refers to conditions that may affect the seal cavityrénvironment, such as external loads and loss of component coolant or injectiop, and

to confitions that are not covered in the other categories.

(4) If fluid is water, specify quantity of chemicalsqpresent as additives or impurities and solids particle type and size.
(5) “Allowpble leakage” refers to the leakage that-can be collected as liquid at the seal-operating conditions.

(b) Thle pump manufacturer wilksupply the seal manu-
facturer with the followingarrangement and interface
conditiorfs:

(1) type of seal to besprovided (i.e., packing, mechan-
ical, bellgws, double.tandems, and cartridge)

(2) shaft or sleeve diameter at seal

(3) shaft or\sléeve material

(4) shaftorientation (i.e., vertical or horizontal)

(5) flirection of rotation

(c) The pump manufacturer will supply the seal njanu-
facturer with the following shaft-seal system exté¢rnal
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

(6) seal cavity maximum diameter at seal

(7) seal cavity length

(8) shaft-to-seal cavity misalignment 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

(3) availability of seal injection, including the quan-

tity, temperature, chemistry, and solids particle size
(d) The pump manufacturer 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
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Table QP-E-5300-1
Limits for Unbalanced Seals

Seal Diameter,  Maximum Shaft Maximum Sealing

Y, in.? (160 mm?); however, a packing size of % in.?
(240 mm?) 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.

in. (mm) Speed, rpm Pressure, psig (MPa)
% to 2 (13 to 51) Up to 1,800 100 (0.69)
1,801 to 3,600 50 (0.35)
Over2to4 (51 to Up to 1,800 50 (0.35)
102) 1,801 to 3,600 25 (0.17)
QP-E-5300 Mechanical Face Seals
(a) Mechanical face seals should be of the hydraulically
baldanced type, except as provided for in Table

QP-H-5300-1.

(b} Eitherasliding gasket (i.e., O-ring, V-ring, or U-ring)
or a fnetal 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
rath¢r than on the shaft.

QP

(a) Stuffingboxes on all pumps should be packed with a
sufficient amount of packing as recommended by the
pacKing manufacturer. The minimum packing size is

F-5400 Packings

discharge pressure and a bleed-off to suctien isjused, the
bleed-off should be by means of internal Ta
external piping.

(e) Adequate seal draining is to,be-provided {
liquid can collect in the driver_support piece.

{d) It the stulling box of a vertical pump 15 suIiected to
er than

o that no

QP-E-5500 Shaft Sleeves

(a) Shaftsleeves, whenused, are to be sealed tp prevent
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 bg¢yond the
outer face’of the packing gland.

(c) Shaftsleeves are to extend beyond the extgrnal seal
glandplate on pumps employing an auxiliary geal other
thdn a throttle bushing.

75
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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
guidelings for active valve assemblies that perform a
nuclear qafety function used in nuclear facilities. Valve
assembly items may be qualified as part of a single
assembly or may be qualified separately, provided
their corhbination into a single unit is addressed. It is
the resppnsibility of the Owner to specify those valve
assembligs that require qualification to this Section.

Section} QV provides a number of ways to qualify a valve
assembly. The Qualification Specification that has been
generate(d (see article QV-6000) is required to specify
those parfameters for which the assembly is to be qualified.

In casq of conflicts, Section QV takes precedence over
Section (R for specific valve assembly qualification re-
quirements. Design of the pressure-retaining boundary
of the vdlve is addressed by the Owner-specified Code
of record and is excluded from the scope of Section QV-

QV-2000 PURPOSE

It is th¢ purpose of Section QV to provide requirements
for the qyalification of the design of valveg, actuators, and
the comblination thereof (valve assemblies) to perform in
service ds required under all specified operating and
design-basis conditions.

QV-3000 REFERENCES

Referehces are as listed™in article QR-3000.

QV-4000 DEFINITIONS

The following definitions apply specifically to valve
assemblies;>Other definitions pertinent to valves will

active valve assembly: a valve assembly that is|requirgd to
change obturator position to perform jits huclear shfety
function.

bending stress, P,: the variable €omponent of nofmal
stress.

cold working pressure: the valve pressure rating at 1j00°F
(38°Q).

diagnostic test: a test-0f a valve assembly in which yalve
and actuator perfermance parameters, fluid system cpndi-
tions, ambient environmental conditions, and metive
power supply{parameters are obtained from calibfated
instrumentation.

expansion stress, P,: stresses resulting from the restrajnt of
free'end displacement of the piping system. In a p]ping
system, this is commonly considered to be the sfress
vesulting 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 seifmic
anchor motions or equipment or building thefmal
anchor movements.

extended structure: the portion of a valve assembly] that
extends outward from the centerline of the pipelire, as
measured from the mating surface on the valve HQody;
e.g.,, on a sliding-stem valve assembly, the extended struc-
ture would include, as a minimum, the valve bonnet, yoke,
actuator, and all accessories mounted on the actyator
assembly.

local primary membrane stress, P;,: a membrane sfress
produced by pressure or other mechanical load and fsso-
ciated with a discontinuity; if notlimited, it would produce
excessive distortion in the transfer of the load to ¢ther
portions of the structure

be found Tn Mandatory Appendix QV-I. Defmitions 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 system conditions to allow flow in
only one direction.

manually actuated valve assembly: a power-operated valve
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,

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-
priate testing and analysis as required 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-

air giston or diaphragm, solenoid, or electronydraulic
operptor to perform its safety function. Where power-
operjated valves include components to allow manual
actugtion, the qualification shall include the components
that [permit manual actuation if these components are
included in the Qualification Specification.

presgure 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
religf valve assemblies may be further classified as
follops:

coml
by e
exte
pres

ined self- and externally actuated: one that is actuated
ternal motive power and, in the event of failure of the
nal motive power, will open automatically at the set
bure due to inlet static pressure.

extefnally actuated: one that is actuated by external
motive power.

self-d
primary membrane stress, Py the component of primary
normal stress that is uniformly distributed and equal to

the gverage value of stress across the thickness of the
sectipn under consideration.

ctuated: one that is actuated by inlet static pressure.

primpary stress: any normal or shear stress.developed by an
impqgsed loading that is necessary to_satisfy the laws of
equilibrium of external and interndl forces and moments.

pyrotechnic-actuated (squib) velve assembly: a valve
assembly that requires external power provided by a
pyrotechnic actuator to perform its safety function.

sheaf stress: component\of stress tangent to the plane of
referlence.

intensity:-the difference between the algebraically
larggst prineipal stress and the algebraically smallest prin-
cipall stress.

valvg assembly: a valve-actuator combination, including

fication testing.

QV-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and.philosophy plertaining
to equipment qualification are provided ip article
QR-5000 and apply to/mechanical equipjment 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 SPECIFICATIO

[tis thefesponsibility of the Owner or Owner’s|designee
to identify the functional performance charactgristic re-
quirements for a valve assembly. These requfrements
shall be provided in a Qualification Specification prepared
in accordance with Mandatory Appendix QV-I.

The manufacturer has the option to qualify
assembly for more stringent parameters than
in the Qualification Specification but shall en
the parameters to which the valve assembly is
envelop those in the Qualification Specification. T
fication Specification shall be certified by one
Certifying Engineers in accordance with the reqy
of QR-8610.

the valve
provided
sure that
qualified
he Quali-
or more
irements

QV-7000 QUALIFICATION PROGRAM

QV-7100 General Requirements

An Application Report, as described in QV}8320, is
required to provide documentation and additional re-
quirements as necessary to ensure that each of the produc-
tion valve assemblies is qualified for the application
specified in the Qualification Specification required by
article QV-6000. The qualification program shall

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.

77

account for dimensional variations of critical clearances
of essential-to-function parts. 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
program shall 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.

Section QV provides for qualification of a valve assembly

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,

by a compination of testing and analysis. The qualification
of a qualified valve assembly may be extended to another
valve asgembly through limited testing and demonstra-
tion of dpsign 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
performéd during the qualification testing covered by
this Stanflard.

Qv-720

(a) Anfalysis is permissible provided that sufficient test
verificatijon exists to justify the analysis used over the
qualification conditions involved.

Analysis Guidelines

(b) Anfalysis methods may be used for ensuring acces-
sories and associated attachments are rigid (see
QR-A-6500).

(c) Analysis methods based on extensive valve
assemblyf testing programs may be used in conjunction
with focpised 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 (¢.g., flexible wedge gate valves), even when
those valfve assemblies are identical, it may be necessary
to limit the use of analysis in functional ¢apability quali-
fication. Analysis methods may be used‘in‘'the accelerated
environmental aging process per the’ requirements of
Nonmanglatory Appendix QR-B:

QV-7300 Specific Qualification Requirements for
Valve Assemblies

Valve
type and

QV-740T Qualification Requirements for Power-

'equirements are based on the valve assembly
category/as delineated by Table QV-7300-1.

the valve assembly may be mounted In a More Consgrva-
tive, worst-case orientation, provided that a satisfagtory
justification for the worst-case orientation,'décisipn is
presented in the Qualification Report. Design-limjiting
orientation may be different based onsvarious qualffica-
tion attributes, e.g., seismic capability. versus functjonal
capability.

Throughout the rest of Section QV, it should be rfoted
thatthe actuator used when testing the performance ¢fthe
valve does not need to be the actuator that was tested for
the actuator portions.ofithe testing. Use of other than a
qualified actuator fonvalve testing does, however, require
that special atterition be paid to the valve and actjator
interface as discussed below in QV-7461.3, QV-74p2.3,
and QV-7463.3.

QV-7420 Environmental and Aging Consideratjons.
Frictiofy of valve internal sliding surfaces can incijease
withvage until a plateau is reached. Further, inspecfions
and disassembly/reassembly of valves that expose yalve
internal surfaces to air can resultin a temporary reduftion
in friction coefficients. Qualification of functional
capability must address these phenomena when eftab-
lishing valve operating requirements.

Environmental qualification of actuators is perfor
in accordance with IEEE Std 323 and IEEE Std 382. Quali-
fication of other nonmetallic parts, critical to yalve
assembly performance, may be performed in accordance
with Nonmandatory Appendix QR-B.

med

QV-7430 Sealing Capability

QV-7431 Main-Seat Leakage. For measuremept of
main-seat leakage, a valve closure shall be effectdd by
the actuator using minimum motive power, and the
maximum seat-sealing differential test pressure ghall
be established. Pressure on one side of the clojsure
shall be relieved to establish a differential pressufe in
the specified flow direction or in the most adverse direc-

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
pressure used for qualification may be equal to or less than

78

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 5 min. For double-disk
gate valves, the selected seat-sealing test pressure may 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
working pressure with the valve in the partially open posi-

(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 (Py or P.) plus the bending stress (P,) plus the

tion to erfsure pressurization of the valve in the area of the ;xpanglorz;stl;es(si L;_JEJ (Slnl?“l oe 11r’Ir‘1}11tea. toa vatue of (G/
primary[stem/shaft seal. For valves without leak-off b) xSy (Gp Fp defined below). That is,

connectipns, primary stem/shaft-seal leakage shall be (PprorPr) + P, + P < (Gh/Fb) X Sy

observed and the leak rate estimated. For valves with

leak-off donnections, leakage at the leak-off connections where

shall be|measured and recorded. For valves using F, = bending modulus of connecting pipe
diaphragms or bellows to achieve zero stem/shaft-seal G, = valve body section modulus at the crotch rdgion
leakage, the test shall be performed so as to demonstrate P, = bending stress

the pressjure integrity of the bellows or diaphragm seal. In P, = expansion stress

all cases,|regardless of the stem/shaft-seal construction, P, = local primary miefiibrane stress

the intenf of this test is to demonstrate the pressure integ- Py = primary membrane stress

rity of the primary stem/shaft-seal arrangement. The S, = yield stréngth

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 leakafge rate but not fewer than 5 min. Document the
relationship between stem-seal leakage and 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-7440 End Loading. The pressure-containing
portions pf valves that are to be qualified to this-Standard
shall be ¢lesigned to the applicable Code selected by the
facility Owner.

End-lopding qualification is not reqdired if

(a) the intended application for(the valve does not
impose pignificant end-load réactions (e.g., a drain
valve with piping attached_ to Jone end of the valve
does not|impose significantleading) or

(b) th¢ valve is designed to be installed in piping by
bolting the valve betWeen pipe flanges, and the valve
body hag a generallyncylindrical cross section (except
for throygh bolting holes and a provision for actuator

such proportions that the length of the valve body parallel

If G, is unkfnown, then (G,/F,) may be taken as [L.

The determination of the maximum stress intehsity
shall be based on the highest combination of concufrent
loads considering all concurrent loads defined in the
Qualification Specification. The value of S, sha]l be
taken at the highest metal temperature of the attached
piping for the concurrent load combination under copsid-
eration.

QV-7442 End-Loading Qualification for QV Cate-
gory B Valve Assemblies. End-loading qualificatipn is
not required for QV Category B valve assemblies.

QV-7450 Seismic Qualification

(a) Seismic qualification is intended to demonsfrate
the ability of a valve assembly to withstand a logdding
that is representative of the specified seismic load dquali-
fication level.

(b) Qualification of valve assemblies shall be in afcor-
dance with IEEE Std 344 or Nonmandatory Appgndix
QR-A.

(1) For valve assemblies with extended struc
and IEEE Std 382-qualified actuators, static side
testing may be used as one acceptable methg

ures
load
d of

mounti}g andientrance of the valve stem/shaft) of

3 4 1 1 +la o P P H 4+
tO the pl CTUIT TS T UAT O UT TE S S U TAIT tITC TS TU T UTATITETCT

of the valve (e.g,, a wafer-style butterfly valve)

QV-7441 End-Loading Qualification 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.

80

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.


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

ASME QME-1-2023

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-
diviqual operating conditions. 1S elfort involves the
analysis of the critical characteristics of how the valve
assembly under consideration compares with the quali-
fied yalve assembly. This is described below in QV-7462.

(c] Ensure the production valve assembly performs in
the fanner 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
shalllbe justified using a combination of analysis and diag-
nostjc test data. Test-based methodologies that have been
dempnstrated to reliably predict valve assembly perfor-
mangfe may be used to supplement the testing in order to
minimize the amount of testing needed to qualify 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 forrosion inhibitor (as applicable) for the valve to
be qpalified.

(b} Perform an internal inspection of the valve for
matdrial, surface condition, and critical ‘internal dimen-
sionp (including valve internal clearances and edge
radii)). Evaluate design-limiting tolerance combinations
in thle manufacturing process, and verify that the valve
will pehave predictably.

(c] Establish any orientation requirements and any
syst¢m piping constraints'that are applicable to the quali-
ficatfon of the valvé,

(d}) Establish.fluid conditions (including blowdown)
and [stroke-time requirements for which the valve is
being qualified

(e] Détermine the seat leakage limitations (including
diregtional sealing) of the valve.

(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 friction has stabilized and baseline performance param-
eters have been established.

(i) While collecting diagnostic testdata (including stem
thrustand/or torque, fluid pressure and temperature, and
stroke time), cycle the valve under applicable fluid

€Emperature, pressure, and flow conditiops (from
ambient to hot water and steam conditions);|environ-
mental conditions; and stroke-timge,'\requirements
throughout the valve stroke (including sea‘Eing and
unseating), and verify the functional capability of the
valve under design-basis conditions.

(j) Determine whether thevalve is susceptiblp to pres-
sure locking and/or thermal binding. If it is, pstablish
design limitations to preveént pressure locking and/or
thermal binding.

QV-7461.2-Qualified Actuator

(a) ldentify actuator manufacturer, type, pize, and
rating; lubrieants used for gearboxes and slidinjg friction
pointsshand corrosion inhibitor (as applicablq) for the
poweérJactuator to be qualified.

{b) Perform an internal inspection of the actuator for
material, surface condition, and critical interngl dimen-
sions. Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that thq actuator
will behave predictably.

(c) Establish any orientation requirements thpat are ap-
plicable to the qualification of the actuator.

(d) Establish the output thrust and/or torqiie versus
stem position, environmental conditions, anfl motive
power sources for which the actuator is being gualified.

(e) While collecting diagnostic test data (including
actuator output thrust and/or torque; envirgnmental
conditions; stroke time; gearbox efficiency; motor
torque, voltage, and current for motor-powered dctuators;
and operating air pressures and current signals for air-
powered actuators, as applicable), cycle the|actuator
under nominal motive power source copditions
throughout the actuator stroke in both the|lopening
and closing directions, verify proper assembly, and estab-
lish baseline performance parameters.

(f) While collecting diagnostic test data (ilncluding

(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.

actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency and motor
torque, voltage, and current for motor-powered actuators;
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) ldentify 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

(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.

(g9) Applying the qualification and test information
obtained under QV-7461.1 with supplemental testing

the valvd assembly stroke. as necessary, collect diagnostic data (Including ptem
(c) Fof a motor-powered actuator with a rising-stem  thrust and/or torque, fluid pressure and temperafure,
valve, do| the following: and stroke time) for applicable fluid temperature, pres-
(1) ldentify any lubricants used on the valve stem.  sure, and flow conditions (from ambient tg hot'water and

(2) While collecting diagnostic test data (including
valve stefn thrustand/or torque), cycle the valve assembly
throughdut the valve assembly stroke until the friction
between [the stem and the stem-nut has stabilized.

(3) While collecting diagnostic test data (including
valve stefn thrustand/or torque), cycle the valve assembly
throughdut the valve assembly stroke under representa-
tive fluid pnd environmental conditions and determine the
stem-to-4tem-nut coefficient of friction and load-sensitive
behavior| Refer to Section QVG.

QV-7462 Extrapolation of Qualification to Another
Valve Asgembly. The extrapolation of the qualification of
the functjonal capability of a qualified valve assembly to
another yalve assembly shall be justified using a combina-
tion of ahalytical comparison of physical attributes and
diagnostlic test data. Test-based methodologies that
have bepn demonstrated to reliably predict valve
assemblly performance may be used in lieu ofithe
testing heeded to extrapolate the qualificatien to
another yvalve assembly. The following activities shall
be perforjmed to justify the extrapolation of.the qualifica-
tion to apother valve assembly.

QV-7462.1 Valve

(a) Establish applicability of/valve type, size, material

(includin internal parts), and rating; orientation; system
piping constraints; stem packing; and any corrosion inhi-
bitor of ghe valve being \qualified to the qualified valve.

(b) Perform an internal inspection of the valve for
material,| surfaceccondition, and critical internal dimen-
sions (including\valve internal clearances and edge
radii) in forder)to establish applicability of construction
to the qyalified valve (see QV-7461.1) and to evaluate

steam conditions) and stroke time throughout the yalve
stroke (including seating and unseating), and verify the

functional capability of the valyeyunder design-basis
conditions.
(h) Determine whether the'valve is susceptible to pres-

sure locking and/or thefmial binding. If it is, estaplish
design limitations to.pnevent pressure locking and/or
thermal binding.

QV-7462.2) Actuator

(a) Establish applicability of actuator type, size| and
rating (ificliding internal parts and material); orientgtion;
lubricants; and any corrosion inhibitor of the actyator
being qualified to the qualified actuator.

{b) Perform an internal inspection of the actuatdr for
material, surface condition, and critical internal dijnen-
sions. Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the actjator
will behave predictably.

(c) Establish the output thrust and/or torque-vefsus-
stem position for which the actuator is being qualified.

(d) Establish applicability of environmental conditfions,
stroke-time requirements, and motive power source
conditions (such as air pressures for air-powered aftua-
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; mjotor
torque, voltage, and current for motor-powered actugtors;
and operating air pressures and current signals foy air-
powered actuators, as applicable), cycle the actyator

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.
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under nominal MOtIVE POWET 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 and motor 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) ldentify the interface between the valve and

(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.

actugtor for the valve assembly to be qualified.
(b)) Verify that the qualified thrust and/or torque

coefficient of friction and load-sensitive behavior. Refer
to Sqction QVG for guidance.

V-7463 Demonstration of Functional Capability of
Production Valve Assemblies. The functional capability.of
the production valve assembly shall be demonstrated by
veriffication of the physical attributes, application, and
diaghostic test data of the production valverassembly
to ity qualified valve assembly. At the discretion of the
Ownler, the production valve assembly testing may be
perfprmed following final installation of the valve
assembly. The following activities-shall be performed
to d¢monstrate the functional capability of production
valv¢ assemblies.

QV-7463.1 Production Valve

(a) Verify applicability of the production valve type,
size,jmaterial (including internal parts), and rating; orien-
tatiop; piping’system constraints; stem packing; and any
corrgsiondnhibitor to the qualified valve.

(b} Pérform an internal inspection of the production
valv¢ for material, surface condition, and critical internal

{g) Verily applicability of the runctional cppability
(including stroke time) of the production’yalve for
opening and closing under fluid conditions.to thelqualified
valve through the use of specific test data‘or a t¢st-based
qualification methodology.

(h) Verify that the production'walve addrgsses any
pressure locking and/or thermal binding limitations of
the qualified valve.

QV-7463.2 Production Actuator

(a) Verify applicability of the production actuftor type,
size, and rating (including internal parts and materials);
orientation;tbricants; and any corrosion inhibitor to the
qualified/actuator.

(b) ‘Perform an internal inspection of the pfjoduction
actbvator for material, surface condition, ang critical
infernal dimensions (including verifying that| internal
dimensions, clearances, and edge radii are withiin manu-
facturing tolerances) to establish applicability tojthe qual-
ified actuator.

(c) Verify applicability of environmental cqnditions,
stroke-time requirements, and motive powdr 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 jqualified
actuator.

(d) While collecting diagnostic test data (including
stem thrust and/or torque; environmental conditions;
stroke time; motor torque, voltage, and cufrent for
motor-powered actuators; and operating air pressures
and current signals for air-powered actuators, ap applica-
ble), cycle the production actuator under nominpl motive
power source conditions throughout the actuator stroke
to verify proper assembly.

(e) Verify applicability of the functional cppability
(including stroke time) of the production actpator for
opening and closing under environmental arjd power

dimensions (including verifying that valve internal dimen-
sions, clearances, and edge radii are within manufacturing
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.
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conditions to the qualiiled actuator through the use of 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-

(3) Lycle the production valve assembly under static
conditior}s throughout the valve stroke to verify proper
assemblyf.

QV-7470 Postinstallation Verification and IST Base-
line. Aftler the production valve assembly has been
installed [in the facility, it shall be cycled under represen-
tative flufid conditions as necessary to collect diagnostic
data (incjuding valve stem thrust and torque; fluid pres-
sure and temperature; stroke time; motor-operated valve
(MOV) miotor torque, voltage, and current; and air-oper-
ated valye (AOV) operating air pressures and current
signals, as applicable) throughout the valve stroke to
verify thg production valve assembly meets the functional
requirenfents of the Qualification Specification. The re-
quiremepts 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
maximumn test seat-sealing differential\pressure shall
be defindd in the Qualification Plan{and documented in
the Qualification Report. The yalve-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, thiese test pressures determine the qualification
pressure(rating for the'valve assembly. Where production
valve asgemblies may.have different operating pressure
requirenents, the qualification of the qualified valve
assemblyl mustinclude a range of test pressures encom-
passing thexrequirements for the production valve assem-

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

: 1l be
pressurized in the flow direction tending to-seaf the
disk. Leakage shall be collected from the oppesite|side
of the closure or otherwise measured by appropfiate
means. The test shall be a minimum ,of 5 min|or a
longer period deemed adequate o measure the
leakage rate.

QV-7532 Shaft-Seal Leakage. For check vdlves
having sealed shafts, shaft-sealleakage shall be obsgrved
at cold working pressure applied to the seal. For vilves
with leak-off connections, leakage at the leak-off conec-
tion shall be measured and recorded. For valves without
leak-off connectiens, shaft-seal leakage shall be obsgrved
and the leak raté-éstimated. If the sealed shaft is a mg@ving
part, the initial shaft-seal leakage test shall be perfoymed
after fullycycling the valve assembly ten times.| The
leaka@e rate test duration shall be adequate to
measure the leakage rate but not fewer than 5 miy.

QV-7540 End Loading. The pressure-containing
portions of valves that are to be qualified to this Stanfdard
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 doe§ not
impose significant end-load reactions (e.g., a drain
valve with piping attached to one end of the yalve
does not impose significant loading) or

(b) the valve is designed to be installed in pipirlg by
bolting the valve between pipe flanges, and the yalve
body has a generally cylindrical cross section (ejcept
for through bolting holes and a provision for act

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-
ability during and after a seismic event. Additionally, those
check valves with an external actuating device whose sole
purpose s to provide a means for inservice testing of oper-
ability may be qualified by analysis that verifies the

. For

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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