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FOREWORD

Federal regulations applicable to nuclear power plants require that measures be established to
ensure that certain equipment operates as specified. This Standard sets forth requirements and

guidelines that may be used to ensure that active mechanical equipment is qualified for specified
service conditions. As determined by federal regulators and/or nuclear power plant licensees,
this Standard may be applied to future nuclear power plants or existing operating nuclear power
plant component replacements, modifications, or additions.

In the early 1970s, initial development of qualification standards was assigneéd to the
N45 Committee of the American National Standards Institute (ANSI). The N45 Committee in
turn established a task force to prepare two series of standards to ensure that pumps’and valves
used in nuclear plant systems would function as specified. The N45 Committee/Sqalve task force
(N278) was reassigned in 1974 to the American National Standards Committee B16 and designated
Subcommittee H. The first qualification standard to be issued for valves was“ANSI N278.1-1975,
which covered the preparation of functional specifications. In 1982, the task force was reassigned to
The American Society of Mechanical Engineers (ASME) Committee on Qualification of Mechanical
Equipment Used in Nuclear Power Plants (QME) and designated the Subcommittee on Qualifica-
tion of Valve Assemblies. As an interim measure, in 1983, ANSI B16.41 was issued to cover
functional qualification requirements for power-operated active valve assemblies for nuclear
power plants.

The N45 Committee’s pump task force (N551),established in 1973, was assigned to
ASME Nuclear Power Codes and Standards along with-N278 as part of the Subcommittee QNPE,
Qualification of Nuclear Plant Equipment. Both N551 and N278 operated as Subcommittee QNPE
until 1982, when they were reassigned to the QME Committee and designated as, respectively,
the Subcommittee on Qualification of Pump(Assemblies and the Subcommittee on Qualification
of Valve Assemblies. In June 1977, an agreement between the Institute of Electrical and Electronics
Engineers (IEEE) and ASME was fotmulated, giving primary responsibility for qualification
standards to IEEE and for quality assuirance standards to ASME. This arrangement remained in
effect until ASME established the Committee on Qualification of Mechanical Equipment Used
in Nuclear Power Plants, now-known as the Committee on Qualification of Mechanical Equipment
Used in Nuclear Facilitiesy

The various parts of”ASME QME-1-1994 were approved by ANSI on the following dates:
Section QP, Septembet22;1992; Section QR, June 8, 1993; Section QR, Nonmandatory Appendix A,
October 7, 1993; Section QR, Nonmandatory Appendix B, May 14, 1993; and Section QV and its
Nonmandatory ‘Appendix A, February 17, 1994. Section QV was a revision and redesignation of
ANSI B16.41-1983.

QME-1-2002 was published in 2003. In September 2003, it was recognized that the Standard
had aspects, such as the process for valve qualification, that could better use new computer
analyitical techniques and that were proscriptive in nature. In addition, seismic qualification
needed to be updated to recognize new industry guidance. New sections were needed on standard-
ization of experience-based seismic equipment qualification and the qualification of dynamic

restraints. At the time, industry experience had demonstrated that qualification to QME-1 was
required without the specification of the parameters for which equipment needed to be qualified.
The use of this Standard requires that a Qualification Specification be provided.

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

The 2012 edition of this Standard was approved as an American National Standard on
September 17, 2012.

The 2017 edition of this Standard was approved as an American National Standard on
March 21, 2017.

vi
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Requests for interpretation or suggestions for improvement of this Standard should be
addressed to the Secretary of the ASME Committee on Qualification of Mechanical Equipment
Used in Nuclear Facilities, The American Society of Mechanical Engineers, Two Park Avenue,
New York, NY 10016-5990.
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ORGANIZATION OF QME-1

1 GENERAL
ASME QME-1 is divided into sections that are desig-

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as

natgd by capital letters: the letter “Q,” which stands
for gualification, followed by one or more letters that
gengrally indicate the subject matter of the section. This
Star{dard consists of four major sections as follows:

(af Section QR: General Requirements

(b} Section QDR: Qualification of Dynamic Restraints
(c) Section QP: Qualification of Active Pump
Ass¢mblies

(d) Section QV: Qualification Requirements for Active
Valve Assemblies for Nuclear Facilities

2 BECTIONS

Sqctions are divided into articles, subarticles, subsub-
arti¢les, paragraphs, and, where necessary, subpara-
grapghs and subsubparagraphs.

3 ARTICLES

Articles are designated by the applicable letters indi-
catefl above for the sections, followed by Arabicmum-
bers| in units of 1,000, such as QR-1000, QR+2000, or
QV-p000. Whenever possible, articles dealing/with the
samgp topic are given the same number in each section
in a¢cordance with the following general scheme:

Afticle Number Title
1000 Scope
2000 Purpose
3000 References
4000 Definitions
5000 Qfialification Principles and Philosophy
6000 Qualification Specification Criteria
7000 Qualification Program
8000 Documentation
Tlhe numbering of the articles and the material con-

taingd.irthe articles may not, however, be consecutive.
Du i

phases not applicable to a particular section or article,
the rules have been prepared to allow gaps in the
numbering.

4 SUBARTICLES

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

QR-8310 or QR-8320.

6 PARAGRAPHS

Paragraphs are numbered irl,units of 1,/such as
QR-8321 or QV-8322.

7 SUBPARAGRAPHS

Subparagraphs, when they are major subdiyfisions of
a paragraph, are designated by adding a dedimal fol-
lowed by one of more digits to the paragraph|number,
such as QR-8321.1 or QV-8321.2. When they ajre minor
subdivisions/of a paragraph, subparagraphs mqy be des-
ignated by lowercase letters in parentheses) such as
QR<8321(a) or QV-8321(b).

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by addinlg lower-
case letters in parentheses to the major subppragraph
numbers, such as QR-8321.1(a) or QV-8321.1(h). When
further subdivisions of minor subparagrgphs are
necessary, subsubsubparagraphs are designated by
adding Arabic numbers in parentheses to the sub-
subparagraph designation, such as QR-8321.1(a)(1) or
QV-8321.1(a)(2).

9 REFERENCES

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

(a) References to Other Portions of This Standard. When
areference is made to another article, subarticle} or para-
graph, all numbers subsidiary to that referencg shall be
included. For example, reference to QR-5000 |includes
all material in Article QR-5000; reference to |[QR-7300
i iali i = ~refbrence 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 stan-
dards, it shall be understood to mean the designated
article, paragraph, figure, or table in the designated doc-
ument. 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
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10CFR50 Part A. If required, further reference to unique
articles or paragraphs of the referenced document may
also be described, e.g., ASME BPVC, Section III,
Subsection NF, subpara. NF-3211.1(a). Each short refer-
ence made in the text shall be described in more com-
plete detail in Article 3000 by issuing source, unique
identification number, year of publication being refer-
enced, and full title, e. g ., IEEE Std 382-1980, Standard
for Qualifi
erences 1sted w1thout the year of pubhcat1on suggest
that the [latest version of the reference was used in the
development of this Standard. It should be noted by
users of this Standard that regulatory requirements and
Codes of Record for a particular nuclear power plant
may takp precedence over references used within this
Standarfl. Section QR references applicable for both

pumps and valves shall be described in Article QR-3000,
while references unique to Section QP or Section QV
only will be described in Article QP-3000 or
Article QV-3000, as applicable.

(c) References to Appendices. Two types of appendix
are included in this Standard, designated Mandatory
and Nonmandatory. Both types of appendix are desig-
nated by the prefix Q. This is followed by letter(s), which
are the same used by the section to Wthh the appendix

[ [ ftain
requlrements that must be followed in quahflca ion;
such references are uniquely identified by “a roman
numeral, e.g., Mandatory Appendix QR-I and.its sp4gcific
title. Nonmandatory appendices provide informati¢n or
guidance; such references are designated by a capital
letter, e.g., Nonmandatory Appendix QR-A, and its[spe-
cific title.
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ASME QME-1-2017
SUMMARY OF CHANGES

Following approval by the ASME Committee on Qualification of Mechanical Equipment Used

in Nuclear Facilities and ASME, and after public review, QME-1-2017 was approved by the
American National Standards Institute on March 21, 2017.

QME-1-2017 includes the following changes identified by a margin note, (17). In additionjthrough-
out Appendices, a second hyphen has been added to each paragraph designator for clarity.

Page Location Change
1 QR-4000 Definition of Application,Report revised
6,7 QR-8000 Revised in its entirety
89 Mandatory Appendix QR-I ~ Added
24, 25 QR-A-7600 Fourth paragraph revised
26 QR-A-8320 Subsubparagraph (a)(2) revised
33-36 Nonmandatory Appendix Added
QR-C
37-47 Section QDR Revised in its entirety
48-50 Mandatory Appendix Redesignated from Nonmandatory
QDR-1 Appendix QDR-A and revised in its
entirety
51 Nonmandatory Appendix Redesignated from Nonmandatory
QDR-A Appendix QDR-B
52,53 Nonmandatory Appendix (1) Former Nonmandatory Appendix
QDR-B QDR-C redesignated
(2) Current Article QDR-B-1000 and
current subpara. QDR-B-2300(d)
revised
(3) Subarticle QDR-B-2400 added
54-61 Section QP Revised in its entirety
62-66 Mandatory Appendix QP-I ~ Added
67, Nonmandatory Appendix Deleted
QP-A
68 Nonmandatory Appendix Deleted
QP-B
69 Nonmandatory Appendix Deleted
QP-C
70 Nonmandatory Appendix Revised in its entirety
QP-D
71,72 QP-E-4200 Subsubparagraph (a)(3) revised
Table QP-E-4200-1 Format and Note (4) revised
QP-E-5100 Last paragraph revised

xi



https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

Page Location Change
QP-E-5200 Subsubparagraph (b)(1) revised
74-79 Section QV Title revised
QV-4000 (1) Definitions of manually actuated valve
assembly and pyrotechnic-actuated
(squib) valve assembly added
(2) Definition of power-operated valve
assembly revised
QV-6000 Last sentence added
QV-7100 Second paragraph revised
Table QV-7300-1 Revised in its entirety
QV-7410 Revised
QV-7430 Paragraphs QV-7431 and\@QV-7432 revised
QV-7441 In subpara. (c), S, editorially corrected to
Fy
QV-7450 Subsubparagraphs (b)(1) and (b)(2) added
82 QV-7510 First paragraph revised
83 QV-7541 In subpara. (c), Sy editorially corrected to
Ey
85-88 QV-7610 Revised
QV-7650 Subsubparagraphs (b)(1) and (b)(2) added
QV-7700 Added
QV-8100 Subparagraph (c) revised
QV-8200 Revised
QV-8310 Revised
QV-8320 Subparagraphs (a), (b), (d)(4), (d)(6), and
(e) revised
89, 90 QV-1-2000 Revised
QV-1-4000 Definition of QV Category A valve
assembly revised
QV-I-5000 Revised
QV-1-6400 Added
QV-1-6500 Added
01 ﬁ‘] I Q000 ‘/\Addnd
QV-1-10000 Added
QV-1-11000 Added
QV-1-12000 Added
QV-1-13000 Added
QV-1-14000 Added
92-95 Nonmandatory Appendix Added

QV-B

Xii
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Page Location Change
96 QVG-2000 Subparagraph (c) revised
97, 98 QVG-6100 Revised
QVG-6200 Subparagraphs (b), (c), and (d) revised
QVG-6300 Subparagraphs (a) and (b) revised
QVG-6400 Subparagraph (a) and the Note revised
QVG-6500 First paragraph revised
100 QVG-7000 Revised
QVG-7100 Subparagraphs (a), (b), (b)(3),(b)(4), and
(b)(5) revised
QVG-7200 Subparagraphs (a), (b), and-(b)(2) revised
101, 102 QVG-8110 Subparagraphs (a)(1)(<), (d), (e), and (f)
revised
103 QVG-8200 Note following subpara. (d) revised
QVG-8300 Subparagraph (b) revised

SPECIAL NOTE:

The Cases to ASME QME-1 follow the last page.of this edition as a separate section.

xiii
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ASME QME-1-2017

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT
USED IN NUCLEAR FACILITIES

QR-1000 SCOPE

Tlhis Standard provides the requirements and guide-
lineg for the qualification of active mechanical equip-
merjt whose function is required to ensure the safe
opefation or safe shutdown of a nuclear facility. In addi-
tion| to requirements and guidelines put forth in this
Starfdard, the active mechanical equipment shall comply
with the requirements of the applicable design and con-
struftion codes and standards.

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

QR-R000 PURPOSE

Tle purpose of this Standard is to provide'the require-
merjts and recommended practicestto ‘qualify active
medhanical equipment to meet/specified functional
requirements during operation(@nd during or after any
postulated abnormal or accident conditions.

QR-B000 REFERENCES

This Article lists reference documents from which
guidance, corleepts, principles, practices, criteria, and
parametersfave been carried forward into this
Star{dard.

AN;. 511 1QQQ’ Nuclear QqFﬂ{—y Criteriafor the Desion
(e)

Section QR
General Requirements

IEEE Std 344-1987, Recommeénded Practices fof Seismic
Qualification of Class‘VE Equipment for [Nuclear
Power GeneratingStations

Publisher: Institute of Electrical and Elelctronics
Engineers, Ine:\(IEEE), 445 Hoes Lane, Pijcataway,
NJ 08854 (http:/ /www.ieee.org)

QR-4000" DEFINITIONS

active mechanical equipment: mechanical equipnjent con-
taining moving parts, which, in order to aCCO:Iplish its
required function as defined in the Qualification
Specification, must undergo or prevent mechanical
movement. This includes any internal compdnents or
appurtenances whose failure degrades the fequired
function of the equipment.

aging: the cumulative effects of operational, envfronmen-
tal, and system conditions on equipment during a period
of time up to, but not including, design-basis ¢vents or
the process of simulating these effects.

Application Report: documentation for a specifid applica-
tion showing that the required pressure ratingg, qualifi-
cation loading levels, and operating c¢ndition
capabilities are equaled or exceeded by the corfespond-
ing pressure ratings, qualification loadirgs, and
operating condition capabilities shown| in the
Qualification Report.

candidate equipment: active mechanical equipmpnt to be
qualified in accordance with the rules of this tandard.

Class 1E: the safety classification of the electrjc equip-

of Stationary Pressurized Water Reactor Plants
ANS 52.1-1988, Nuclear Safety Criteria for the Design
of Stationary Boiling Water Reactor Plants
Publisher: American Nuclear Society (ANS), 555 North
Kensington Avenue, LaGrange Park, IL 60526
(http:/ /www.ans.org)

IEEE Std 334-2006, Standard for Type Test of Continuous
Duty Class 1E Motors for Nuclear Power Generating
Stations

ment and systems that are essential to emergency reactor
shutdown, containment isolation, reactor core cooling,
and containment and reactor heat removal, or are other-
wise essential in preventing significant release of radio-
active material to the environment.

component supports: structural elements that transmit
loads between the components and building structure;
intervening elements, such as electric motors and valve
operators, are not included in the component support
load path.

an


https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

ASME QME-1-2017

demonstration: the provision of evidence to support the
conclusion derived from assumed premises.

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

design life: the time during which satisfactory perform-
ance can be expected for a specific set of service condi-
tions (thetimme iffed ime;
of operating cycles, or other performance intervals, as
appropriate).

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

essential{o-function parts/components: those parts or com-
ponents of the assembly that are essential to cause, per-
mit, or ¢nable the assembly to perform the specified
accidentjcondition function or whose failure could pre-
vent the|performance of this function.

functionglity: ability of an active component to perform
the mechanical motion required to fulfill its specified
function when subjected to the prescribed service
conditiops.

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

maintenapce: work performed on an item to keep it opef-
able or to restore it to an operable condition.

malfunct{on: the loss of capability of equipmenttoinitiate
or sustaih its specified function or the initiation-of unde-
sired actjons that might result in adverse censequences.

margin: the amount by which the qualification condition
levels eXceed the service condition levels.

may: an pxpression of permission:

mechanicpl component: thoselitems of a facility such as
pumps, falves, vessels,and piping.

mechanicpl equipment:for the purposes of this Standard,
mechanjcal equipment may be used interchangeably
with meghanical\comiponent or assembly.

modificatfou;"‘a.thange in a system component or equip-
ment configuration

production equipment: equipment fabricated with the
same manufacturing techniques, materials, production
testing, and quality assurance that were used for proto-
type or parent equipment.

prototype equipment: production equipment representing
the first model/type or original design/pattern. Proto-
type equipment may be used for qualification testing;
when selected for qualification testing, the equipment
A d O _De alled -

dudiddie equipnien

qualification: the generation and maintenance of gvidence
to ensure/demonstrate that the equipment can, megt its
specified service conditions in accordance witQ the
Qualification Specification.

qualification criteria: criteria developed“from those|spe-
cific service conditions for which the equipment fis to
be qualified.

qualification life: the period of* time, prior to the stdrt of
a design-basis event, for.which the active mechahical
equipment was demonstrated to meet the depign
requirements for the'specified service conditions. (Note
that at the end ¢fthe qualified life, the active mechapical
equipment shall’be capable of performing the fun¢tion
required for the postulated design-basis and gost-
design-basis events.)

qualifieation program: the overall cumulative proceps of
specitying, 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, analyses,
operating experience, or any combination of these|per-
formed in accordance with this Standard oy the
Qualification Specification that demonstrates funcfion-
ality of the active mechanical equipment.

Qualification Specification: the specification or portign of
the Design Specification that describes the qualificdtion
requirements to be met in the qualification of the aftive
mechanical equipment.

qualified candidate equipment: equipment that has peen
qualified primarily by methods described in the cfndi-
date equipment definition met in the qualification of the
active mechanical equipment.

qualified parent equipment: equipment that has been quali-

natural aging: aging that occurs within normal service
environments as opposed to simulated service
environments.

operability: see functionality for the definition of this term
for use in this Standard.

operating basis earthquake (OBE): the vibratory seismic
motion associated with the facility shutdown and
inspection, which may be identified as a design input
as specified by the safety analysis of the facility.

fredprimmarity by testing:
safe shutdown earthquake (SSE): the vibratory seismic
motion (greater than the OBE) for which certain struc-
tures, systems, and components in a facility are designed
to remain functional as specified by the safety analysis
of the facility.

service conditions: postulated conditions specified for
environmental, dynamic/static/pressure loadings,
material degradation, etc., for normal operation, abnor-
mal operation, and design-basis events.
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shake table system: an assembly that is able to induce and
control seismic-type motion into a test specimen and
measure the vibratory responses that are to be
documented.

shall: an expression of a requirement.
should: an expression of a recommendation.

test equipment: active mechanical equipment selected for
qualification testing.

(b) a process to demonstrate that the active mechani-
cal equipment satisfies the qualification requirements
by analysis, test, experience, or a combination of these

(c) evidence of successful completion of a
qualification

(d) documentation containing subparas. (a) through
(c) above

The requirements to satisfy subparas. (a) through (d)
above should be contained in the active mechanical

testsf those testing activities conducted to specified ser-
vice[conditions to demonstrate that such active mechani-
cal ¢quipment can subsequently perform its intended

ment can perform its specified required function
whdn operational and environmental conditions are
imppsed on the equipment in accordance with the active
mechanical equipment Qualification Specification:

QR-5200 Approaches to Qualification

Attive mechanical equipment shall be-qualified by
onefor a combination of the methods described in
Artifle QR-7000. The requirements generally address a
singlle active mechanical equipment application, but
they| may envelop the servide gonditions for more than
one ppplication. In additidn,)a family of active mechani-
cal pquipment may de qualified by using one or
mote of the qualification methods described in
Subprticle QRF7Z300 or further described in a
Quallification Specification. Such extension of qualifica-
tionjrequires.consideration of significant design parame-
ters|to establish the similarity of the candidate active
mechanical equipment to the reference active mechani-

qdipment
cal dquip

equipment Qualification Specification. L

In a qualification program, aging and lqualified life
shall be considered as described imthe fqllowing
subsubarticles.

QR-5310 Aging. Assessmentf active m¢chanical
equipment shall include an analysis and/or eyaluation
of the active mechanical equipment to deterthine any
significant aging mechanisms, such as thermal, radia-
tion, corrosion, erosienj vibration, aggressive [chemical
attack, or wear. When.one or more mechanismslare iden-
tified as significant, the assessment shall be dev¢loped as
part of the overall qualification program. When natural
aging results,are used in the qualification pr¢gram, it
may not‘be necessary to conduct a detailed arjalysis or
evaluatien to determine significant aging mechanisms.

An‘aging mechanism is considered signififant if it
satisfies any of the following criteria:
(a) in normal service environments, the aging mecha-
nism promotes the same malfunction as that which may
result from exposure to abnormal or design-bafsis event
service conditions
(b) the aging mechanism adversely affects the ability
of the active mechanical equipment to performits func-
tion in accordance with its specification requifements
(c) the deterioration caused by the aging mgchanism
is not amenable to assessment by inservilce test/
inspection or surveillance
(d) in the normal service environment, the aging
mechanism causes degradation during the dg¢sign life
of the active mechanical equipment that is significant
compared with degradation caused by the|design-
basis event
Nonmandatory Appendix QR-B provides supplemen-
tary details associated with the qualification of nonme-
tallic parts.

QR-5320 Determination of Qualified Life. Hor active

mechanical-eguipment—with—sianificant—asind mecha-
O

The pressure boundary integrity and structural sup-
ports of active mechanical equipment shall be qualified
in accordance with the applicable design codes and
standards.

QR-5300 General Requirements for a Qualification
Program

A qualification program for active mechanical equip-
ment shall include the following;:
(a) qualification requirements

nisms, a qualified life shall be established. For active
mechanical equipment with no significant aging mecha-
nisms, 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)
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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

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 perform-
ance, 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.

equipmgnt item may be changed during its installed life
when jugtified. For example, the qualified life of active
mechanikal equipment may be limited by certain inter-
nal components or appurtenances that have a shorter
qualified life than the installed life of the equipment.
By perioflic replacement of those internal components or
appurtenances, the qualified life of the active mechanical
equipmgnt may be extended.

QR-6000 QUALIFICATION SPECIFICATION

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

(a) Agtive mechanical equipment performande
requirements, both normal and design-basis event,
including a description of the basis for its classifieation
as activg¢ mechanical equipment, and a description of
the requjred function, including the time period it shall
remain gperable, shall be specified.

(b) Agtive mechanical equipmenit description and
boundaty, including components that are inside the
boundarjy, and the physical orientation/location of the
active miechanical equipment shall be specified. Attach-
ments, motor power connection, seals, and control cir-
cuitry thjat cross this botndary shall be described.

(c) Interface loadings through attachments of the
active nfechanicdl- equipment at the active mechanical
equipmlent beundary shall be specified for each
operating mode In the same manner, motor power or
control dig
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 (Qualification of Active Pump
Assemblies) may furnish a substantial part of the qualifi-
cation 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

(¢) Significant aging mechanisms, where known, ghall
be identified. Nonmandatory Appendix QR-B fprovyides
supplementary details associated with the qualificdtion
of nonmetallic parts.

(h) Acceptance criteria for qualificatien shall be speci-
fied to ensure satisfaction of the fundamental qualifica-
tion requirement. The acceptande ¢riteria shall indlude
limiting values of input to, abd. performance reqygired
from, the equipment understhe required operating [con-
ditions, as well as environimental 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 baseld on
the active mechanical equipment’s Qualification Spe¢cifi-
cation. The qualification program shall include|and
address qualification methods, mandatory reqtire-
ments, aging, qualified life, and acceptance criterja as
described in Article QR-5000. The program shall erfsure
that Qualification Specification and acceptance criferia
are properly addressed as described in Article QR-4000.
In addition, the program shall ensure that qualificgtion
is properly addressed by testing, analysis, earthqpake
experience data, similarity, or combined methods.

QR-7200 Review for Potential Malfunctions

The selection of methods for qualifying adtive
mechanical equipment shall consider potential malfunc-
tions that would degrade the required functions as
defined in the Qualification Specification (see Afticle
QR-6000).

excluded from the quahflcatlon process if it can be
shown that their malfunctions have no effect on the
specified function of the active mechanical equipment.

QR-7300 Selection of Qualification Methods

Qualification shall be accomplished by test, analysis,
use of earthquake experience data, similarity, or some
combination of these methods. Regardless of the qualifi-
cation method, rationale shall be provided to show that
the functionality of the active mechanical equipment
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cannot be degraded to the point that it cannot perform
its specified 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 perform-
ance meets or exceeds the requirements of the active
mechanical equipment design and applicable
Quahflcatlon Spec1f1cat10ns Testmg of actlve mecham-

e testing shall consist of a planned sequence of test
condlitions that meets or exceeds the specified service
condlition. Testing shall include all functional tests, radi-
atiof exposure, aging, abnormal or special operation,
seispnic, accident (design-basis event), and post-test
inspection when they are included in the Qualification
Spegification. Sequence of testing and acceptance crite-
ria dhall be established prior to testing.

QR-7311 Aging. Significant aging mechanisms
shal] be identified and accounted for in an aging pro-
grarh using such methods as cycling, damage due to
erosfon or corrosion, overstress, and time compression
for gccelerated aging. The aging acceleration rate and
bas{s on which the rate was established shall be
desqribed and justified. If natural aging is used, determi-
natipn of significant aging mechanisms is not necessary.
Conjponents subject to different aging mechanisms of
weal or environmental degradation can(be’separately
aged.

QR-7312 Dynamic Loading. Qualification of active
mechanical equipment for dynarhic loadings, such as
but not limited to vibration ahdseismic loadings, should
congider the requirements.and general approaches out-
linedl in Nonmandatory*Appendix QR-A and IEEE Std
344 Active mechanical equipment shall be demon-
strafed to be capable of performing its defined function
before, duringyor after a design-basis event as specified
in the Qualification Specification. If specified, function-
ality] of cequiipment during a dynamic transient event
shall use-the normal system fluid. Use of an alternative

the equivalent age of the tested unit prior to undergoing
design-basis event simulation.

QR-7320 Qualification by Analysis. Qualification by
analysis shall consist of the assessment of stresses,
strains, loads, or displacements against allowable capac-
ity limits. The basis for assumptions and extrapolations
shall be documented. Qualification by analysis may be
used when testmg is not practlcal and other supporting
mptions
and conclusions reached. Quahﬁcatlon by ana]y51s may
also be used when only partial test and other supporting
data are available to support the analytical assymptions
and conclusions reached.

QR-7321 Aging. Aging canbe a concern fpr metal-
lic and nonmetallic components. Analysis may be used
for aging in a supportingcdpability to simplify ¢r extend
active mechanical equipment qualifications if special
circumstances.

(a) Analysis may be used to eliminate consjderation
of environmental stresses or aging effects thatf have an
insignificantyimpact on active mechanical equipment
functional integrity.

(b)_ Analysis may be used to extrapolate or dtherwise
account for the effect of active mechanical equipment
design modifications as well as verification of|aging or
environmental parameters in instances where [ntended
application exceeds prior qualification constraints.

When analysis is used to simplify or extend active
mechanical equipment qualification, the analysis shall
consider significant aging mechanisms for the item.
Analysis methods can be used in conjunction With sup-
portive empirical data to simplify or supplement the
test aging exercise for nonmetallic items.

QR-7322 Dynamic Loading. Active mechanical
equipment qualification for dynamic loadings} such as
but not limited to vibration and seismic, should|consider
analytical procedures detailed in Nonmapdatory
Appendix QR-A, IEEE Std 344, or other acfeptable
industry practices, as documented in the Qualification
Report.

QR-7323 Qualification. The active melchanical
equipment shall be considered to be qualified byf analysis
if the active mechanical equipment is demonsgtrated to

fluidTsacceptabte; Hfjustified:

QR-7313 Qualification. Interfaces and interrela-
tionships between components shall reflect the in-plant
configuration. Otherwise, active mechanical equipment
shall be tested as an assembled unit. Active mechanical
equipment shall be considered to be qualified by test if
it can be demonstrated to meet or exceed its specified
functions for applicable design-basis and post-design-
basis events at the end of its qualified life. Active
mechanical equipment qualified life shall be equal to

TIeetor-exceed itsspecified furctionfordesign-basis
events and post-design-basis events at the end of its
qualified life. The active mechanical equipment quali-
fied life shall be equal to the age of the equipment
assumed when performing the design-basis event
analysis.

QR-7330 Qualification by Earthquake Experience.
Data from the earthquake performance of active
mechanical equipment may be used as the basis for
seismic qualification. Qualification of active mechanical
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equipment by use of earthquake experience should con-
sider the requirements 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 the earthquake experience, then qualification meth-
ods other than earthquake experience may be required.

in accordance with the Owner’s applicable Quality
Assurance Program.

QR-8100 Scope

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

(a) Qualification Specification

(b) Qualification Plan

332 Dynamic Loading. Significant dynamic
represented in the earthquake experience that

QR-7333 Qualification. The candidate equipment
shall be gonsidered to be qualified by earthquake experi-
ence if ¢lemonstrated to be bounded by the body of
documented equipment performance from facilities that
experienced natural earthquakes.

QR-7B40 Qualification by Similarity. There are
many ingtances of active mechanical equipment similar
to a typp that was previously qualified, which differs
only in dize or in the assembly or structure. The candi-
date actjve mechanical equipment may be qualified by
demonsfrating that it is similar in excitation and physical
and dynpmic characteristics to the previously qualified
active mechanical equipment. The validity of this
method flepends on demonstrating similarity of the can-
didate a¢tive mechanical equipment and the previously,
qualified active mechanical equipment.

QR-7B50 Combined Methods. Active mechanical
equipmgnt may be qualified by a combinatien’ of test,
analysis{ and earthquake experience or similarity, pro-
vided p4rtial qualification achieved undexrmultiple pro-
cedures fan be articulated in a logical fashion to justify
the overgll equipment qualification. For example, when
size, apyllication, time, or othef lifriitations preclude the
use of aftest on the complete active mechanical equip-
ment asgembly, testing of'components supplemented by
analysis[may be used-in(the qualification process.

QR-8000 DOCUMENTATION AND CERTIFICATION
REQUIREMENTS
This Alrticle prnvidpq the documentation and certifica-

(c) Qualification Report
(d) Application Report

QR-8200 Qualification Specification

This subarticle provides the reqditements fof the
Qualification Specification (Sectiom@QP, Section QV) and
Section QDR).

For Section QP (pumps),.S€ction QV (valves),[and
Section QDR (dynamic restraints), it is the responsibility
of the Owner or Owner’s designee to provigle a
Qualification Specification to define the functional|per-
formance requirements for the testing and qualificgtion
for the component to be qualified. The following fable
provides the/location of the requirements foi the
Qualification Specification for each item:

Section, QP QP-6000
Section QV QV-6000
Section QDR QDR-5000

QR-8300 Qualification Plan

A Qualification Plan shall be developed based o the
Qualification Specification to define a step-by-step ;{ual_
ification program and the testing and analysis thaf are
required to be conducted to meet the requirements df the
Qualification Specification. The following table proyides
the location of the requirements of the Qualification|Plan
for each component:

Section QP QP-8200
Section QV QV-8200
Section QDR QDR-7200

QR-8400 Qualification Report

A Qualification Report is required to document the
compliance of the tested components to the reqjiire-
ments of the Qualification Specification and|this
Standard. The following table provides the locatign of

tion requirements for use of this Standard to qualify
active mechanical equipment. Documentation shall
demonstrate that

(a) the qualification requirements are satisfied

(b) the qualified life is determined and the basis is
established

In addition, any aging processes not treated during
initial qualification but addressed by inservice surveil-
lance monitoring shall be specifically identified. Qualifi-
cation documentation shall be prepared and maintained

the requirements of the Qualification Report for each
component:

Section QP QP-8310
Section QV QV-8310
Section QDR QDR-7310

QR-8500 Application Report

An Application Report is required to document the
suitability of any qualified component and the resulting
production components for a specific nuclear facililty
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application. The following table provides the location
of the requirements for the Application Report for each
component:

Section QP QP-8320
Section QV QV-8320
Section QDR  QDR-7320

QR-8600 Certification Reqmrements
Thi

and Application Report by Registered
ssional Engineer(s).

QR-8610 Certification of the Qualification
Spegification. The Qualification Specification shall be

Artifle QP-6000, or Article QDR-5000, as applicable, by
one or more Registered Professional Engineers compe-
tentfin the applicable field of design, testing, qualifica-
tion| and related nuclear facility requirements and
qualified in accordance with the requirements of
Marjdatory Appendix QR-I.

QR-8620 Certification of the Qualification Report.

The|Qualification Report shall be certified to be correct
and jcomplete, and to be in compliance with the require-
menits of Subsubarticle QV-8310, Subsubarticle QP-8310,
or Jubsubarticle QDR-7310, as applicable, and the
Quallification Specification, as applicable, by one or moxé
Regjstered Professional Engineers competent in the
applicable field of design, testing, qualification, and
relajed nuclear facility requirements and .qualified in
accgrdance with the requirements of Mandatory
Appendix QR-I. These Registered Professional

Engineer(s) are required to be independent of the organi-
zation preparing the Qualification Specification.

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 require-
ments of Subsubarticle QV-8320, Subsubarticle QP-8320,
or Subsubarticle QDR-7320, as applicable, by one or
more Reglstered Professmnal Engmeers competent in
3 fion, and
related nuclear facility requlrements and, qu4lified in
accordance with the requirements_6fyMajndatory
Appendix QR-I. These Registered/Profpssional

Engineers are required to be independent of the organi-
zation preparing the Qualification.Specificati
QR-8640 Certification\Statements. Hor each

required certification tie Registered Profpssional
Engineer(s) shall provide a statement to be affixed to
the subject documents; and the statement shall include
the Registered Professional Engineer(s)” Cerfification
stamp, the Registered Professional Engineer(3)” name,
Registratio Number, State or Province of Regjstration,
and the‘date of certification. It shall be signed by the
Registered Professional Engineer(s) certifying the
Specification or Report. Nonmandatory Appenglix QR-C
provides sample certification statements.

QR-8650 Division of Responsibility. The Re¢gistered
Professional Engineer(s) certifying the Qualification
Report or Application Report shall not be %e same
Registered Professional Engineer(s) who certfified the
Qualification Specification. The Qualificatioh Report
and Application Report may be certified by the same
Registered Professional Engineer(s).
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Mandatory Appendix QR-I
Qualifications and Duties of Registered Professional
Engineers for Certification Activities

QR-1-10p0 SCOPE

This Appendix presents the minimum requirements
for the qpalification and the duties of personnel engaged
in certiffcation activities. The personnel addressed are
those who perform the following specialty activities:

(a) ceftification of the Qualification Specification

(b) cettification of the Qualification Report

(c) ceftification of the Application Report

QR-1-1100 Qualifications

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

QR-111110 General. One or more Registered
Professignal Engineers shall be selected by the Owner
or qualification organization, as applicable, to perform
Code activities in the appropriate specialized field(s),
providgd the qualifications of the Registered
Professignal Engineer(s) in meeting the requirements of
this Apgendix have been evaluated and verified by the
Owner or qualification organization, as applicable,
responsiple for the activity being certified or reviewed. A
record of the qualification of the Registered Professional
Engineef(s) shall be maintained by the responsible orga-
nization|or the Registered Professional Engineer(s).

QR-111120 Registration and, Experience. The
Registered Professional Engirfeers shall be Registered
Professignal Engineers in atleast one state of the United
States off America or a Pxdvirice of Canada and have the
following qualifications! Each Registered Professional
Engineef shall have 4yr'of varied application experience,
at least 2 yr of which have been in each specialty field
for which the Registered Professional Engineer performs
certifyihg or’review activities and delineated in
Subsubalticles OR-1-1130 ﬂ'\rm]gh OR-1-11530.In addi-

activity shall be included in the qualification-recordls of
the Registered Professional Engineers.

QR-1-1130 Certification of the ,Qualification
Specification. To qualify as certifier efthe Qualification
Specification on behalf of the Owmer, the Regisfered
Professional Engineer(s) shall be experienced in} the
applicable field of design, testing, qualification,|and
related nuclear facility requirements, and in the appjlica-
tion of the requirements\6f the QME-1 Standard relating
to the design, testing, and qualification of aqtive
mechanical equipgment for use in nuclear facilities. [This
experience shall indicate that the Registered Professjonal
Engineer(s) Wave sufficient knowledge of anticipjated
plant and\system operating and test conditions,|and
of thejr relationship to QME-1 Standard qualificdtion
critefia pertinent to the applicable QME-1 Stanglard
item:

QR-I1-1140 Certification of the Qualification Repqrt.
To qualify as certifier of the Qualification Reportf the
Registered Professional Engineer(s) shall be experienced
in the applicable field of design, testing, and qualffica-
tion of the item under review and related nuclear fa¢ility
requirements, and in the application of the requirenjents
of the QME-1 Standard relating to the testing and qulifi-
cation of the item under review in nuclear facilitigs.

QR-1-1150 Certification of the Application Repdfrt.
To qualify as certifier of the Application Report| the
Registered Professional Engineer(s) shall have experi-
ence in the application of design, testing, and qualifica-
tion results to demonstrate the suitability of the quallified
item meets the requirements of one or more spgcific
applications in nuclear facilities, and shall have experi-
ence in the application of the requirements of the QME-1
Standard related to testing and qualification of the fitem
under review.

tion, the Registered Professional Engineers shall keep
current their knowledge of the QME-1 Standard require-
ments and continue their professional development in
their specialty field through personal study and experi-
ence, or by attendance at appropriate courses, seminars,
and technical committee meetings. The Owner or quali-
fication organization, as applicable, shall review the
qualifications of the Registered Professional Engineers
at least once every 3 yr to ensure that their qualifications
have been maintained. A continuing record of all such

QR-1-1200 Duties

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

QR-1-1210 General. The certification activities cov-
ered in this Appendix may be performed only if the
Registered Professional Engineer(s) have assured them-
selves that they are qualified to do so by virtue of self-
review establishing that their qualifications meet those
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required by this Appendix. They shall be familiar with
the quality assurance requirements of the organization
responsible for providing the documents as these
requirements relate to their work. For certification activi-
ties, the document being certified must have been
reviewed in detail by the certifying Registered
Professional Engineer(s), or prepared by the Registered
Professional Engineer(s) or under their responsible
direction.

QR-1-1230 Certification of the Qualification Report.

It is the responsibility of the Registered Professional
Engineer(s) certifying the Qualification Report to ensure
that the testing and qualification of the item comply with
the requirements of the applicable articles and edition of
the QME-1 Standard for the design or service, loadings,
operating conditions, and test loadings that have been
specified in the Qualification Specification.

DR-1-1220 Certification of the Qualification
Spegification. It is the responsibility of the Registered
Professional Engineer(s) certifying the Qualification
Spedification (Section QDR, Section QP, and Section QV)
to efisure that the Qualification Specification is correct,
complete, and in compliance with the requirements of
the [applicable articles and edition of the QME-1
Standard.

QR-1-1240 Certification of the Application Report.
It is the responsibility of the Registered"Professional
Engineer(s) certifying the Application Report fo ensure
application of the item complies with the results of the
testing and qualification agdescribed| in the
Qualification Report and thatithe” Application Report
complies with the requirements-of the applicable articles
and edition of the QME:1<Standard.
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Nonmandatory Appendix QR-A
Seismic Qualification of Active Mechanical Equipment

QR-A-1Q00__SCOPE

Standard Review Plan Section 3.10 Seismic and

This Appendix applies to active mechanical equip-
ment in huclear facilities that must be qualified to func-
tion wh¢n subjected to earthquake (seismic) loads.

QR-A-2(

The
require

00 PURPOSE

urpose of this Appendix is to provide the
ﬂen’cs and recommended practices to demon-
strate that active mechanical equipment in nuclear facili-
ties can|function during or following a design-basis
earthqudke.

QR-A-3000 REFERENCES
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the preppration of this Appendix.
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Similarity Principles for Equipment Qualification by
Experfence, July 1988

NRC Supplemental Safety Evaluation Reports on the
GIP, Revision 2, Corrected 2/14/92(SSER No. 2) and
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IEEE Std 344-1987, Recommended Practices for Seipmic
Qualification of Class 1E Equipment for Nudlear
Power Generating Stations

Publisher: Institute of Electrical and Electronics
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QR-A-4000 DEFINITIONS

The definitions below establish the meanings of words
in the context of their use in this Appendix. The defini-
tions in Section QR are also applicable for use in this
Appendix.

acceleration design value (ADV): acceleration value that
may be used as an alternative response spectrum or
time history to define seismic input for design of active
mechanical equipment.
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assembly: two or more connected components that may
be qualified as a unit.

attachment: an item that is appended to a device, compo-
nent, or assembly.

broadband response spectrum: a response spectrum that
describes motion in which amplified response occurs
over a wide (broad) range of frequencies.

coherence: the coherence function defines a comparative

flexible equipment: active mechanical equipment includ-
ing the effects of the active mechanical equipment sup-
ports 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 pro-
vides restraint to active mechanical equipment and
buildings.

relaffonship between two time histories. It provides a T OWTIeT SPectTTiT the Fourter spectrum 15 a complex val-
statistical estimate of how much two motions arerelated ~ ued function that provides amplitude and.phgse infor-
function of frequency. The numerical range is from ~ mation as a function of frequency for.a timg domain

asa
0, fdr unrelated, to 1, for perfectly correlated motions.

corrdlation coefficient: the correlation coefficient function
defipes a comparative relationship between two time
histgries. It provides a statistical estimate of how much
two[motions are related as a function of time delay. The
nunjerical range is from 0, for unrelated, to 1, for related
motjons.

cutoff frequency: the frequency in the response spectrum
whdre the zero period acceleration (ZPA) asymptote
essehtially begins. This is the frequency beyond which
the gingle-degree-of-freedom oscillators exhibit very lit-
tle of no amplification of motion and indicates the upper
limif of the frequency content of the waveform being
anallyzed.

cycld: one complete sequence of values of an alternating
quantity.

damping: a generic name ascribed to the energy dissipa-
tionfmechanisms or small, otherwise unrepresented non-
linegrities that reduce the amplification and;broaden
the yibratory response in the region of resonance. One-
hunfired percent critical damping is defined as the least
amdunt of equivalent viscous damping that causes a
single-degree-of-freedom system. to feturn to its original
position without oscillation after/initial disturbance.

devige: an item that is used in-¢Connection with, or as an
auxilliary to, other items of equipment on which it may
be mounted.

earthquake experience spectrum (EES): the earthquake-
basgd response.spectrum that defines the seismic capac-
ity qf a refefefice equipment class.

effective amass: the mass of the structure or equipment
that|participates in determining the dynamic response
of the structure or equipiment.

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

equivalent static load: an equivalent statically applied load
or acceleration based on a function of the peak of the
applicable response spectrum that may be used as an
alternative to response spectrum or time history to
define seismic input for design of active mechanical
equipment.
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waveform.

fragility: susceptibility of active mechanical equipment
to malfunction as a result of strtictural or opprational
limitations or both whef subjected to dynamic
excitation.

fragility level: the highest'level of excitation paframeters
that equipment canWithstand and still perform|the spec-
ified functions (note that the fragility level may include
the interdepefidence of amplitude, frequency, and time).

ground aecéleration: the acceleration time histofy of the
ground.resulting from the motion of a given earnthquake.
Themaximum amplitude ground acceleration i§ the ZPA
of-the ground response spectrum.

inclusion rules: the physical and operational characteris-
tics that define an acceptable range of equipment physi-
cal characteristics, dynamic characteristfcs, and
functions for ensuring seismic ruggedness and|defining
the bounds of active mechanical equipment in¢luded in
a reference equipment class (see para. QR-A-7421).

independent items: items of equipment that have|different
physical characteristics or experience differen} seismic
motion characteristics, e.g., different earthquales, sites,
buildings, or orientations/locations in the same
building.

in-line active mechanical equipment: active mechanical
equipment whose loads are caused by the distribution
system in which it is installed.

load path: structural path necessary to transmit| the seis-
mic forces from the active mechanical equipment centers
of mass through to the anchorage.

low-cycle fatigue: a progressive fracture or cumulative
f f licted by

fewer than 1,000 cycles of load because of localized stress

concentration at high strains under fluctuating loads.

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

median-centered in-structure response spectrum: in-
structure response spectrum developed using realistic
damping and best estimate modeling parameters to
obtain the most probable structural amplification that
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could realistically occur for the level of the specified
earthquake 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

ruggedness: ability of active mechanical equipment to
maintain its structural integrity and perform its specified
function when subjected to dynamic excitation.

seismic proof test: a seismic test conducted to a specified
required response spectrum level.

Seismic Qualification Specification (SQS): the document

that describes the seismic qualification requirements to
be met in the qualification of the active mechanical

specific flirection and then released.

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

power spdctral density (PSD): the mean squared amplitude
per unit{frequency of a waveform. PSD is expressed in
¢*/Hz vprsus frequency for acceleration waveforms. In
this definition, g represents the acceleration due to grav-
ity, i.e, 1 g = 32.2 ft/sec® (9.8 m/s?).

prohibiteq features: design details, materials, construction
features Jor installation characteristics that have resulted
in seisnfic-induced failure or malfunction of active
mechanifal equipment at earthquake excitations up to
and inclpiding the defined seismic capacity level.

qualificatjon life: see definition in Section QR.

reference lequipment class: a group of active mechanical
equipmgnt sharing common attributes as defined by a
set of influsion rules and prohibited features.

reference
ment or
class.

site: a site containing active mechanical equip=
items used to establish a reference equipment

required fnput motion (RIM): the input motion._ih terms
of accelgration, velocity, or displacement expressed as a
function of frequency, for which the active mechanical
equipmgnt or component is qualified for its acceptance
criteria.

required fesponse spectrum (RRS):the response spectrum
issued by the Owner or his designee as part of the specifi-
cation fpr seismicallyqualifying active mechanical
equipmgnt. The RRS Constitutes a requirement to be met
in qualiflying active echanical equipment.

resonancg frequency: a frequency at which peak response
occurs i a_sfructure, component, or system subject to
forced vibration

Cquil)ll LCTIL.
with
wer

sine beats: a continuous sinusoid, of one frequency;,
its amplitude modulated by a sinusoid~pfa Iq
frequency.

f its
ther
with

stationary: a waveform is classified as’stationary

amplitude distribution, frequency¢ontent, and d
descriptive parameters are statistically constant

time.

structural diameter: the diameter of a circle having the

equivalent area of the facility foundation.

structural integrity: d condition describing an asseqnbly
or grouping of active mechanical equipment relatiye to
their ability t0 carry applicable loads within the Ijmits
of acceptable structural behavior.

structure;acombination of physical members that miakes
an item, such as a building or support, designed to
sustain a load.

sistem: an assembly or grouping of active mechahical
equipment that performs a specific facility functiop.

test response spectrum (TRS): the response spectrum|that
is developed from the actual time history motion of the
shake table or other dynamic input device.
fre-
har-
I an
the
put.

Ly is

transfer function: the transfer function is a complex
quency response function that defines the dynamic

acteristics of a constant-parameter linear system. F
ideal system, the transfer function is the ratio o
Fourier transform of the output to that of a given ix
The output/input ratio function versus frequen
called a transmissibility function.

zero period acceleration (ZPA): the high-frequency acdeler-
ation level of the nonamplified portion of the respponse
spectrum is referred to as zero period acceleration (4PA).
This acceleration corresponds to the maximum accejera-
tion amplitude of the time history used to deriv¢ the
spectrum

response spectrum: a plot of the maximum response, as
a function of oscillator frequency, of an array of single-
degree-of-freedom (SDOF) damped oscillators subjected
to the same base excitation.

rigid equipment: active mechanical equipment, including
the effects of the active mechanical equipment supports,
whose lowest natural frequency is greater than the fre-
quency value at the start of the ZPA or the cutoff fre-
quency of the applicable response spectrum.
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QR-A-5000 EARTHQUAKE ENVIRONMENT AND
EQUIPMENT RESPONSE

This Article provides background on earthquake
behavior and methods for simulating seismic events.

QR-A-5100 Earthquake Environment

Earthquakes produce six-degree-of-freedom (three
translational and three rotational) random ground
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motions. These motions, for design purposes, are charac-
terized by simultaneous but statistically independent
components, two horizontal and one vertical. The
strong-motion portion of the earthquake normally con-
sidered 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

motion between a distribution system and its support-
ing building structure, or between a branch and main
line, may be a significant earthquake effect.

QR-A-5500 Nonlinear Equipment Response

Nonlinearity in active mechanical equipment
response may exist in addition to the minor nonlinear
effects typically associated with damping. These nonlin-

typically broadbanded and random, and amplified
resppnse can occur over a frequency range of 1 Hz to
33 Hz.

QR-A-5200 Active Mechanical Equipment on
Foundations

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

QR-A-5300 Active Mechanical Equipment on
Structures

Tle ground motion (horizontal and vertical) maybe
filtefed by intervening building structures to produice
eith¢r amplified or attenuated narrow band motions
within the structure. The dynamic response-of active
medhanical equipment on structures may.be further
ampllified or attenuated to an acceleration’ level many
timgs more or, in some instances, less, than that of the
maxiimum ground acceleration, d¢pending on the struc-
tureland equipment damping, effective mass ratios, and
natyral frequencies. The narrow band response indicates
that| single frequency exditation of active mechanical
equipment subcomponents can predominate.

QR-

-5400 Active‘Mechanical Equipment on Systems
(in-Line)

ilar filtering of in-structure motion may occur in

ble distribution (piping and ducting) systems. For

ponents mounted away from system supports, the

quency in nature and Centered near or at the local reso-
nance frequency of the distribution (piping) system. This
resonance condition may produce the most critical seis-
mic load on components mounted in the system line.
Mass ratio effects or dynamic coupling, which typically
reduces the response of the in-line equipment, is often
conservatively neglected. The seismic input motions for
components mounted on flexible systems may be
defined in terms of required input motion (RIM). In
addition to inertia effects, the potential for relative
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earittes—may-be-of-ageometrienaturesuchas rocking
or sliding, a working of connections and rattling of com-
ponents, or a material behavior source, such as [yielding.
These effects may result in a significant|ehange in stiff-
ness as a function of load. If a system exhibits significant
nonlinearity, such behavior should’be recognjzed and
accounted for to accurately predict or bound the active
mechanical equipment response. If the nonlihearities
cannot be adequately analyzed, testing is reqyired.
Nonlinearity may also occur as a result of logal vibra-
tions, contact, or impact of active mechanical equipment.
Such examples include the closing of gaps betpveen the
active mecHanical equipment and its supports or
restraints-and the high-frequency rattling of vajves sub-
ject to.piping interaction with supporting or|adjacent
active'mechanical equipment on structures. When such
nonlinear response conditions exist, the qualification
frocedure shall account for such behavior.

QR-A-5600 Simulating the Earthquake

The goal of seismic simulation is to reprofuce the
postulated earthquake environment in a realistif manner
that is amenable for use in active mechanical equipment
qualification. The form of the simulated seismic input
used for qualification of equipment by analysis ¢r testing
may be described by one of the following flinctions:
required input motion, response spectrum, timg history,
power spectral density, acceleration, or equivalpnt static
load design value. This input may be generated for the
foundation, floor of the building, or system ¢n which
the active mechanical equipment is to be mounted. It is
supplied by the Owner or designee to the manpifacturer
as a part of the Seismic Qualification Specification (SQS)
for that equipment, or it is generated by the anufac-
turer to generically cover future applications.

Because of the directional nature of seismiq motion,

in-line systems on which active mechanical equipment
may be mounted, the directional components of the
motion and their application to the active mechanical
equipment shall be specified. Active mechanical equip-
ment can be mounted at varying locations. In addition,
the mounting or anchorage of the active mechanical
equipment can affect the seismic response of the active
mechanical equipment. In generation of the postulated
earthquake environment, these factors should be consid-
ered and incorporated as required.
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QR-A-5610 Required Input Motion. The test input
motion in terms of accelerations, velocities, or displace-
ments is expressed as a function of frequency, which is
applied in the form of a continuous series of sine beats
or sinusoids at defined amplitudes and durations over
the frequency range of interest (typically 1 Hz to 33 Hz)
and shall be consistent with the requirements of IEEE
Std 344-1987 (see Article QR-A-3000).

QR-A ; -
trum pr¢vides information on the maximum response
of singld-degree-of-freedom oscillators as a function of
oscillatoy frequency and damping when subjected to an
input tinpe history motion. The frequency content as well
as the pgak amplitude ZPA of the input motion are also
indicatedl.

Itis injportant to recognize that the response spectrum
does nof supply the following information:

(a) th¢ unique waveform or time history of the excita-
tion thaf produced it

(b) th¢ duration of motion (this shall be given sepa-
rately inf the SQS)

(c) th¢ response of any particular active mechanical
equipmgnt during a test

The application of different waveforms shall meet the
requirempents of IEEE Std 344-1987 (see Article QR-A-
3000).

QR-A{5630 Time History. The expected form of the
motion ip generally obtained from existing or artificially
generated earthquake records. It may also be generated
such thz]t its response spectrum will essentially match
a given fesponse spectrum. For application at-any floor,
the timefhistory record generated includes the-dynamic
filtering[and amplification effects of the‘building and
other infervening support structures.

The njean squared amplitude pér it frequency of
the vibratory motion is characterized in terms of the
power spectral density (PSD).as a function of frequency.

Althotfigh, unlike the time.history, the PSD function
does notf define the unigue-waveform or duration of the
excitatiop, it is a valtiable tool. It enables significant
frequendy-dependentproperties of the motion to be seen
at a glarjce from ore curve. If only one time history is
used to mateh'a‘given required response spectrum, the
PSD shopld:bé used to ensure proper frequency content
of the tifret

QR-A-5640 Acceleration or Equivalent Static Load
Design Values. Components or active mechanical
equipment may be qualified analytically by applying a
limiting acceleration design value (ADV) to the mass
distribution of the component or equipment in order to
determine limiting equivalent static forces in all three
orthogonal directions. The ADV shall be provided in
the Seismic Qualification Specification (see Subarticle
QR-A-8200). When a response spectrum is specified, the
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ADV is determined by use of the peak spectral accelera-
tion of the applicable required response spectrum or
the ZPA if the component can be shown to be rigid. A
coefficient of 1.5 times these peak values is often used
to account for multimode and multiple frequency
response. However, values less than 1.5 may be used if
justified (see Article QR-A-3000).

REQUIREMENTS

The seismic qualification of active mecharical eq
ment should demonstrate the ability, of ithe adg
mechanical equipment to perform its specified fun
during and/or after the time it is subjéeted to the e
quake loadings defined in the Seismic Qualificqtion
Specification. The most commorily used method$ for
seismic qualification of activeméchanical equipmerit are
described in this Appendix.*The methods are grofiped
into the following five géneral categories:

(a) predict and evalirate the active mechanical eg
ment’s performafice by analysis

(b) test theactive mechanical equipment under s
lated seismic ‘eonditions

(c) quality the active mechanical equipment by
extrapolation of tests or analysis results from sirpilar
equipment (similarity)

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

(e) perform evaluations of the active mechanical
equipment by combined analysis, test, and/or experi-
ence data

Each of the preceding methods may be used to vprify
the ability of the active mechanical equipment to neet
the seismic qualification requirements. The chjoice
should be based on the practicality of the methodl for
the type, size, shape, and complexity of the equiprhent;
the available database; whether the required safety flunc-
tion can be assessed in terms of structural integrity ajone;
and the reliability of the conclusions. When the spedjified

uip-
tive
tion
hrth-

uip-

mu-

use

bairs
a 3 3 A adtive
mechanical equipment in the qualification programs
shall also be considered.

QR-A-6100 Design-Basis Earthquake

The design-basis earthquake for which active mechan-
ical equipment shall be qualified is the SSE. Seismic
qualification for functionality for the OBE shall be con-
ducted if required in the Seismic Qualification
Specification by the Owner or designee. In such
instances, the methods and procedures contained in this


https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

ASME QME-1-2017

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

Earthquake Magnitude
Safe Shutdown

Operating Basis

Structure or Component Earthquake Earthquake
Equipment 2 3
Piping systems 5 5
Welded steel structures 2 4
BOlttU‘ )LCUi SUULLUTreS 3 4

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 pre-
cise points that have exact correspondence with the
lumped mass elements in a model. Some methods of
calculating modal damping, such as the Q method, rely
purely on single-degree-of-freedom assumptions.
Damping is calculated directly from the maximum

Appendix may also be used to qualify active mechanical
equipment for the OBE.

QR-A-6200 Damping

QR-A-6210 Introduction. Damping is the generic
tern} ascribed to the numerous energy dissipation mech-
anismns in a system. In practice, damping depends on
marfy parameters, such as the structural system, modes
of vibration, strain levels, velocity, material properties,
and fjoint slippage. In linear vibration theory, the simpli-
fying assumption is made that damping is purely vis-
couq or proportional to the relative velocity of moving
partp. Therefore, when a value of damping is associated
with a practical system, it is usually assumed to be
equivalent viscous or linear. This is a convenient way of
relafing real-world hardware behavior, which is usually:
nonlinear to some degree, with theoretical concepts,
whi¢h normally use linear methods of analysis.

Fgr active mechanical equipment composed*of an
assgmbly of components, there is usually(no single
damping value. Damping is associated (with types of
connpections used, ranging from bolted' to welded con-
struftion, and is strongly affected by\boundary condi-
tion§, including gaps and joint-slippage. The value of
damping may vary from place*to place depending on
the humerous other factors.previously mentioned and
may| be termed local damping. The structural damping
that|is typically defined.for use in seismic evaluations
is cqlled global damping and is a composite of the local
damping values (of)the system. For such instances, it is
recommendedthat the best estimate values of structural
damping bé&used in active mechanical equipment quali-
ficatfionrather than some lower bound value. In the
abs$-\ce of specific damping criteria, the values con-

response at the resonance peak measure at any point in
the active mechanical equipment and the maghitude of
the sine sweep input excitation. Thesefmethods are not
generally acceptable since the response of points in
active mechanical equipment is dsually deterthined by
the mode shape vector and patticipation factoy for each
vibration mode. The following methods for eyaluating
the damping are commenly used, but other jyistifiable
methods may be usediThese methods assunpe that a
single mode of vibzation can be excited in the active
mechanical equipment and that motion transdjicers are
mounted at/positions other than at a poinf of zero
motion. Incallrcases, care should be exercised [to deter-
mine whethier damping nonlinearity with r¢sponses
amplitude is significant.

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

QR-A-6222 Damping by Measuring the Half-Power
Bandwidth. The active mechanical equipme
cally excited with a slow sine sweep test. The
of any desired location in the equipment is

and plotted as a function of frequency. The

at the half-power point. This procedure is ofter| referred
to as the half-power bandwidth method.

QR-A-6223 Damping by Curve-Fitting Methods.
The active mechanical equipment is typically excited
by swept sine, random, or transient excitatiop, and a
response transfer function is developed. Thle modal
damping to the actual frequency is obtained by fitting

tained in Table QR-A-6210-T should be used for response
spectrum modal analysis.

Since each mode of vibration of a structure can, and
often does, have a different value of damping as a func-
tion of modal mass and stiffness, a useful practice in
analysis is to associate a value of damping to each mode
of vibration of the equipment that is in the frequency
range of interest.

QR-A-6220 Measurement of Damping. Linear vibra-
tion theory indicates that there are numerous methods
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AR esponse
data (transfer function). This curve fitting will smooth

out any noise or small experimental errors.

QR-A-6230 The Application of Damping. Ranges of
damping, measured as described in Subsubarti-
cle QR-A-6220, are valuable data for the active mechani-
cal equipment designer. Damping is used differently
in analysis and testing in active mechanical equipment
qualification as described in paras. QR-A-6231 and
QR-A-6232.
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QR-A-6231 The Application of Damping in Analy-
sis. 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 damp-
ing, such_as shown in Table OR-A-6210-1, to obtain a

(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 criteria in Subarticle 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

conservdtive estimate of response. In any case, there is
need to [know the ranges of damping for the specific
equipmgnt and nature of nonlinearities and their effect
on the response. Appropriate values of damping shall
be obtaipied from tests or other justifiable sources.

It is repsonable to state that actual damping is nonlin-
ear by nhture. In most active mechanical equipment, it
is a funcfion of response amplitude owing to such factors
as internpal friction within material, or at connections
between|components, or Coulomb-type sliding friction.
For analytical purposes, these energy dissipation damp-
ing meclanisms may often be treated in terms of linear
dampinp approximations if proper consideration is
given to[the fact that these approximations vary, some-
times sipnificantly, with increasing response. As an
example the use of low-impedance testing to determine
damping shall be exercised with caution since at strong
motion ghaking, indicative of significant earthquakes,
the afordmentioned factors may cause the real damping
to be quitte different from and higher than that measured
at low lgvels.

Genefally, most treatment of structural systems
assumes| viscous damping; however, certain ¢abjniets or
housing$ may exhibit nonviscous damping. The treat-
ment of guch a problem is analytically complex and shall
be perfofmed using appropriate techhiques.

QR
In testin,
ified by

\-6232 The Application of Damping in Testing.

b, the active mechanjeal equipment may be qual-
subjecting it to a Sitmtilated seismic motion as
defined py the required xesponse spectrum (RRS). The
responsq spectrum defines the seismic motion by way
of the peak respofise of an array of single-degree-of-
freedom| damped+oOscillators. Since the oscillators are
hypothefical-any practical value of damping (e.g., 5%)
may be gmployed in the RRS for testing, and it need not

turther evaluation. One possibility is to reanalyzg the
test motions to produce a TRS for an acceptable damping
value and apply the criteria given in eitherysubpara. (a)
or subsubpara. (1) above.

QR-A-6300 Required Response Spectrum

The response spectrum to be usedin seismic qualffica-
tion of active mechanical equipment is the RRS as|pro-
vided in the Seismic Qualification Specification by the
Owner or designee. The RRS is typically the building
filtered response spectrtun’at the mounting locatign of
the active mechanical equipment. For in-line aqtive
mechanical equipment qualified in accordance ith
Subarticle QR-A=7400, the RRS is typically the building
filtered responsé spectrum at the distribution syftem
support attachments to the building.

QR-A-6400 Required Input Motion

Réquired input motion (RIM) in seismic evaluatigns is
normally associated with active mechanical equipient
mounted in distribution system (piping or duct) |ines
where the single-mode seismic input to the compgnent
is dominated by the seismic response of the distribytion
system (line), and qualification is performed by tegt for
generic application to a wide range of line frequer]cies.

The input to a distribution system is typically a|ran-
dom excitation with broad frequency content.|The
dynamic characteristics of the system amplify the eXcita-
tion at the system resonance frequencies and supppress
the other frequencies. The maximum response occj)rs at
the predominant distribution system frequencies.

A method that meets the above seismic input sinjula-
tion criteria for active mechanical equipment mounted
in the distribution system is either a sine beat test|or a
relatively short-duration sine dwell test at several fre-
quencies. The minimum peak test amplitude shall be
that which the distribution system is expected to
experience.

A_series of continuous-sine beats or sinusoids at ary_

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 applica-
tion of the RRS and the test response spectrum (TRS)
in selecting acceptable test motions is given in Subarticle
QR-A-7200. The following relationships exist for the val-
ues of damping in the response spectra:

(a) In comparing the RRS with the TRS, the damping
in the two should be the same.
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ing amplitudes as defined by the RIM is recommended
for qualification by test. To ensure the excitation of all
predominant resonance frequencies, the sine beats shall
be applied at one-third-octave intervals over the fre-
quency range of 1 Hz to 33 Hz. The test amplitude shall
correspond to the levels specified for response of the
distribution system. This amplitude shall be indepen-
dent of direction. Hence, single-axis excitation is permit-
ted, with the axes corresponding to the apparent most
critical direction of the active mechanical equipment.
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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 Subar-
ticle QR-A-6300, are recommended for qualification
rather than the RIM test procedure just described, unless
the RIM has been conservatively established with regard
to the RRS.

QR-

response spectrum or from the ZPA of the required
resppnse spectrum if rigidity can be demonstrated. The
resppnse spectral peak value should be multiplied by a
suit@ble coefficient that accounts for the potential effects
of hijgher modes or incomplete or missing modes associ-
ated with static versus dynamic mode shapes. For active
medhanical equipment supported at more than two
poirjts, a coefficient of 1.5 shall be used unless adéquate
justification for a lower value is provided.

QR-A-6600 Differential Support Motion

In{ addition to the inertial loading _developed from
seisinic accelerations, other loads-may be induced on
actiye mechanical equipment supperted at two or more
poirjts that are undergoing relative support motion asso-
ciatgd with the motion of the-supporting structures. In
gengral, most active mechanical equipment is supported
at a[single point, or becatse of the relatively high stiff-
nes$ and requiredelastic response to earthquake
motjons of nuclear facility structures, differential sup-
portlmotions’ate usually negligible and have little effect
on the seismic-induced forces on equipment. Therefore,
diffgrential support motions are not normally consid-
ereqd inf the seismic evaluation of active mechanical

structural response calculations or by using the applica-
ble floor response spectra.

For the latter option, the maximum displacement of
each support shall be predicted by the relationship

Zy = Z,g/w*

where

= gravitational constant

€ predominart Irequency o
port structure, rad/sec
spectral acceleration at the ZPA.end ofthe spec-
trum curve, g

g_

€ primary sup-

N
I

The relative displacements betweén support$ shall be
determined by using the square-root-sum-offsquares
method if it is demonstrated that they are uncqrrelated.
Otherwise, they shall be.determined by the |absolute
sum method.

For in-line compehents (e.g., valves) suppprted by
both the line and,'primary structure, relative flisplace-
ments shall Be’determined by the absolute sum|method.

QR-A-6700 Loads to Be Considered in Qualifjcation

Theloads to be considered in the seismic qualification
ofZactive mechanical equipment are defindd in the
Qualification Specification. They shall be made part of
the Seismic Qualification Specification requiregl to seis-
mically qualify the required function or performance of
the active mechanical equipment.

QR-A-6800 Fatigue and Aging Consideration:s

QR-A-6810 Fatigue. Equipment qualificftion for
multiple seismic events of lower levels than the[required
response spectrum, such as five OBEs, is achievled when
applying the methods of this Appendix to the eyaluation
of the single enveloping required response spectrum,
provided the equipment is shown to have no| credible
low-cycle fatigue failure modes considering th¢ number
of specified earthquake cycles. For applications that
involve fatigue-sensitive features, supplementafy analy-
sis is required.

Seismic loads, being vibratory in nature, giye rise to
cyclic loading of components; hence, there is a potential
for fatigue-type failures. However, the number|of maxi-
mum stress cycles from a given earthquake id limited.

equipment, except for active mechanical equipment or
a component that is supported at three or more points
on the same structure, at two or more points on different
structures, or between in-line components and the sup-
porting structure. In these cases, the active mechanical
equipment qualification shall consider the effects of dif-
ferential support motions.

QR-A-6610 Evaluation for Differential Support
Motions. The maximum relative support displace-
ments can be obtained from the supporting structure

This Appendix assumes for ASME Class 1 components
that there are 60 full-stress cycles during the facility life.
This cyclic input assumes the potential of five OBEs or
aftershocks and one SSE.

Other cyclic loads induced on the mechanical equip-
ment by valve operation, equipment start or stop, flow,
or rotating equipment vibration and temperature ranges
shall be considered in evaluating the overall fatigue life
of the component or otherwise be limited to such a low
magnitude that they do not exceed the endurance limit
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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, it is recom-
mended that such materials be qualified by separate
tests or use of acceptable alternative techniques to
ensure there is no fatigue failure.

static analysis. The methods described are most com-
monly 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

(c) determine the behavior (stresses, deformatlon dis-
Bla

QR-A
nents is 2
deposits

6820 Aging. Aging in mechanical compo-
ssociated with corrosion, erosion, wear, particle
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
mechanjcal equipment shall be addressed to ensure
functionplity for the life of the equipment.

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

It is the responsibility of the Owner or his designee
to ensure that the method used to support the active
mechanifal equipment when installed in the facility is
consistet with the support method used in the equip-
ment qualification and meets the facility design-basis
requirenjents.

QR-A-7(

The fdllowing five methods may be applied for, the
seismic ualification of active mechanical equipment:

(a) quhlification by analysis

(b) quhlification by testing

(c) quplification by similarity

(d) qualification by earthquake experience data

(e) qyalification by a combjination of the above
methods

00 QUALIFICATION METHODS

QR-A-7100 Qualification by Analysis

QR-A{7110 Introduction. Analytical procedures are
summarjzed and zeferenced in this subarticle, which
may be used to‘demonstrate that active mechanical
equipmgnt méets the specified structural integrity and
functionplity requirements during and/or following the

earthqua

ko ]nnrhn(rc defined inthe Seismic nnn]ﬂ:n'*:\hr\n

I/J.u\.\.;.‘.l.\.;. HS;+O 7

at interface, etc.) that results from the responsg

(d) compare the calculated behavior with those
behaviors that would ensure compliance with spedified
function requirements

The review stage shall take into acedunt the complex-
ity of the active mechanical equipment and the adeqpacy
of analytical techniques to propetly predict the equip-
ment’s functionality while,stibjected to seismic excita-
tion. The response determination phase of the andlysis
may take several paths, the first of which is determfined
by the choice between the dynamic analysis mefhod
(Subsubarticle QR¢A-7120) and static coefficient mefhod
(Subsubarticle\QR-A-7130). In general, the choife is
based on the“perceived strength margin of the aftive
mecharnical equipment, since the static coeffidient
method, while easier and more economical to perfprm,
is generally more conservative.

The mathematical models used for analysis shall be
based on structural parameters that are calculated ¢r on
parameters established by test or a combination of these.
They shall also represent the stiffness properties|and
boundary conditions of the active mechanical equip-
ment. The model shall be sufficiently refined to erjsure
mathematical representation of all significant modps of
vibration and allow the evaluation of all pertinent faflure
modes. This shall entail sufficient detail to illustrate frela-
tive motion of key points, coupling, load transfer, et¢. All
significant active mechanical equipment that interfaces
with other equipment, components, assemblies, or|sys-
tems shall be considered. These interfaces shall indlude
all significant eccentricity- and torsion-producing [phe-
nomena, 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 phall
be effectively coordinated with the characterizatign of

Specification (see Subart1cle QR-A-8200). Analy51s with-
out testing or earthquake experience data is acceptable
only if structural integrity as defined in
Article QR-A-4000 can ensure the design-intended func-
tion. Functionality analysis is limited to applications
that can be quantified in terms of a parameter (e.g., gap
clearance) that can be calculated and a margin to loss
of functionality can be established.

Two approaches to seismic analysis are described. One
approach is based on dynamic analysis, the other on

18

the seismic input. If not previously considered in the
load definition, the mathematical model shall
incorporate the effects of active mechanical equipment
mounting and location (floor, wall, etc.), intervening ele-
ments and structures (supports, platforms, etc.),
intervening systems (pipe, duct, etc.), differential sup-
port motion as discussed in Subarticle QR-A-6600, and
excitation from other sources. The damping, which is
used in the analysis, shall be provided in the Seismic
Qualification Specification.
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Using the calculated response, one then determines

the behavior of the active mechanical equipment in
terms of structure integrity as related to the functional
requirements of the active mechanical equipment,
including operating loads. Such loads include internal
pressure, operator thrust, dynamic transients, flow-
induced vibration, reciprocating and rotating equipment
vibrations, nozzle loading, etc. Applicable combinations
of these loads are typically required in the analytical
qualification process, and their effects shall be combine
with} seismic effects, as appropriate, as defined in the
active mechanical equipment Qualification
Spedification.
Typically, analytical methods of active mechanical
equipment seismic qualification for functionality are
limited to applications in which all safety-related
stremgth, displacement, and functionality features can
be effectively modeled and evaluated by analysis.

QR-A-7120 Dynamic Analysis

QR-A-7121 Introduction. The active mechanical
ment and supports shall be modeled to adequately

detgrmine dynamic response. The time-step integratiof
prodedure, while relatively costly, has the ability for
direft determination of multiple independent siutpport
motfons and nonlinear response.

QR-A-7122 Response Spectrum. (The response
spedtrum analysis allows the response of interest (defor-
matjons, deflections, rotations, loads) ‘stresses, strains,
and |initiation or loss of contact at\interface) to be deter-
mingd by combining all significant modes of vibrations.
A syffficient number of modessshall be included to ensure
an adequate representation”of the equipment dynamic
resppnse and reaction forces at supports. An acceptable
critgrion for adequacy-is that the inclusion of additional
modes does not'result in more than a 10% increase in
total] response."The response is determined by combin-
ing ¢ach modal response by the square-root-of-the-sum-
of-the-squares (SRSS) criterion, except where closely
spaded/modes are encountered. Closely spaced modes

12 data samples. Alternatively, a correlation coefficient
with an absolute value of less than 0.3 for all time lags
may be used as discussed in Appendix E of IEEE Std 344.

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
i i i e, when

the acceleration design value is applied to
distribution of the active mechanical(equipment, is
applied in the three principal directions/with s plus or
minus sensing to determine the worst resultant.

QR-A-7140 Acceptance Critéria. Acceptande criteria
to be used in qualification by‘analysis shall be applied to
the computed parameters-associated with the iflentified
failure modes, which-determine functional addquacy of
the active mechanical”equipment. Acceptanc¢ criteria
shall be established in the input specification| require-
ment. Compliance with the acceptance criterid shall be
demonstrated*in the Qualification Report.

QR-A-7200 Qualification by Testing

QR-A-7210 Introduction. Seismic qualifidation by
testing requires that the active mechanical equipment
be subjected to a simulated earthquake motign that is
anticipated to occur at the active mechanical equipment
mounting. The test shall demonstrate that the active
mechanical equipment will perform its speciffed func-
tion during and/or after the seismic event. THe nature
of the simulated motion can vary significantly,
depending on whether the active mechanical equipment

have been provided by IEEE Std 344 since 19
those guidelines were applicable to equipme
eral, they have also been used for active m¢chanical
equipment. The policy of this Standard is to generally
endorse the continued use of IEEE Std 344, so S¢ction 7.0
of that document shall provide the detailed requirements
for qualification of active mechanical equipmerft by test-

shall be appropriately considered in the response evalu-
ation. Closely spaced modes are those with frequencies
differing by 10% or less of the next lower frequency.

QR-A-7123 Time Histories. When three compo-
nents of the statistically independent time histories are
input simultaneously for a time history analysis, the
responses may be combined algebraically at each time
increment. To ensure statistical independence, artifi-
cially generated time histories should have coherence
values of less than 0.5 when computed with at least
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ing, except as modified by this Standard in Subsubarticle
QR-A-7240. Only some general statements will be
included herein, for the sake of continuity.

QR-A-7220 Types of Tests

QR-A-7221 Exploratory Tests. Exploratory tests
consist of the measurements of active mechanical equip-
ment dynamic characteristics by some form of modal
identification procedures. The active mechanical equip-
ment is mounted in a close simulation of that anticipated
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in the field. The active mechanical equipment is instru-
mented for measurement of responses at various loca-
tions anticipated 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 reso-

end of the qualified 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 fre-

nance tepts have been widely used for these tests. How-
ever, rarfjdom excitation or even simulated earthquake
events njay be used. Exploratory tests are not a require-
ment fo1 qualification directly and do not serve as the
basis fof even partial seismic qualification, but their
results thay be used in further development of proce-
dures or]in justification for qualification tests, or these
results may be part of a combined analysis experience
and test gipproach, as described in Subarticle QR-A-7600.

QR-A-7222 Seismic Proof Tests. In the past, most
active mpchanical equipment qualification has been per-
formed by proof test methods. This approach requires
that the[simulated earthquake motion at the active
mechanifal equipment mounting represents that antici-
pated frpm the specified SSE. The simulated motion
usually is required to demonstrate that the test response
(TRS) conservatively envelops the required

simulated SSE event.
QR-p-7223 Fragility Tests. Fragility tests-are con-
ducted tp determine the peak amplitude level of a speci-

itation waveform for which the active
ical equipment can perform its specified func-
quence of test runs is performed with increas-
litudes of the specified waveform until

anticipafed for the SSEyat the active mechanical equip-
ment mgunting, aaneasure of margin is established.

In addlition tg\the response spectrum type of input
loading, | in-lifte~dctive mechanical equipment may be
qualified by-required input motion (RIM) testing as
describeb4ntEEE-Std-382-

querncy content (e, T Hz to 33 Hz)yat groundtevel, but
with much narrower frequency content near jpuilding
natural frequencies, when representing filtefed mdgtion
at building floor levels. Several characteristics’of seismic
motion shall be noted when simulated waveform$ are
developed for testing purposes. These.¢haracteristids are
understood to describe the motion: that occurs af the
equipment mounting.

(a) The general character 0f“earthquake motion|is a
random process that builds' to a relatively statiohary
level (called the strong motion), which holds at that Jevel
for some duration, and'which then decays to a negligible
value.

(b) Approximately stationary random motion odcurs
during thestrong motion. It is this part of the excitgtion
that causes most damage to active mechanical equip-
ment. ft shall be sustained a minimum of the lophger
of 15.'sec or the duration of strong motion duripg a
quialification test.

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

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

(e) Multiaxis motions shall have an appropfiate
degree of statistical independence. This is determjined
by examining the coherence or cross correlation between
the waveforms for different axes.

Test waveforms that have the above characterjstics
may be generated by superimposing a variety of cothpo-
nent signals, such as sine dwells, sine beats, nafrow
band, and broadband random signals.

QR-A-7230 General Approach to Testing

QR-A-7231 Preliminary Tests. Exploratory tests
described in para. QR-A-7221 are usually performed
prior to conduct of the actual qualification test or qualifi-
cation by a combination of testing and other methods.
Other preliminary tests, such as thermal or operational
aging, or any other required environmental test shall be
performed prior to the seismic test. This sequence
ensures that the active mechanical equipment is in the
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QR-A=7233—Conductof TestandFunctiomatity.
Detailed procedures for preparing Seismic Qualification
Specifications and conducting seismic qualification tests
shall be obtained from IEEE Std 344. Details for conduct-
ing functional tests for the active mechanical equipment
shall be obtained from the manufacturers’ operating
manuals and active mechanical equipment
specifications.

QR-A-7240 Acceptance Criteria. Acceptance crite-
ria for seismic tests shall be based on the functional
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requirements for the individual item of active mechani-
cal equipment. Acceptable ranges for performance varia-
tions shall further be evaluated in light of the
consequences of these variations on the specified func-
tion of that equipment and any other with which it may
interact. Such interactions with other active mechanical
equipment that affect acceptance criteria shall be identi-
fied in the Seismic Qualification Specification. Numeri-
cal ranges for these variations shall be established and

quantities affected and allow revision of the analysis for
the modal frequencies of the similar active mechanical
equipment. The result is a verified analytical model that
may be used to qualify the similar active mechanical
equipment.

QR-A-7330 Active Mechanical Equipment Similarity
for Comparison With Single Reference Active Mechanical
Eqmpment Where qualification of an active mechanical

comjpared with observed test values. Inability of an item
to fynction within acceptable limits during or after seis-
mic [testing shall be noted as an anomaly. Thereafter,
evalpation of the consequences of the anomaly may or
may not lead to a conclusion that the item has
malfunctioned.

QR-A-7300 Qualification by Similarity

Tlhere are many instances of active mechanical equip-
meryt, 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
pradtical nor necessary to test every variation of the
basif qualified version. Furthermore, it may be shown
that|the active mechanical equipment to be qualified is
similar to another that has experienced actual docu-
mented earthquake conditions. Qualification by com-
bined test and analysis applies in these situations.

R-A-7310 Test Method. A full test program, as
desqribed in Subarticle QR-A-7200, and preliminary
exploratory tests (resonance search), as described in
pard. QR-A-7221, are conducted on a typicalpiéce of
actiye mechanical equipment. Data on modabfrequen-
cies| damping, and responses throughout'the active
mechanical equipment shall be taken and recorded.

QR-A-7320 Analysis. When it'can be shown that no
resopances exist in the frequendy range of the amplified
resppnse, the active mechanical equipment may be ana-
lyzed as rigid active mechanical equipment. When a
resopance search is used, assurance should be obtained
that|adequate test methodologies are followed to verify
the gabsence of resohant frequencies. In addition, assur-
ancq should be.obtained that changes from the originally
tested activémechanical equipment did not result in the
fornpatiorivef previously nonexistent resonances. This
may| be done by simple testmg or analys1s

the effects of the Changes shall be analyzed using ‘the
techniques of Subarticle QR-A-7100 or other justifiable
means. For very complex active mechanical equipment,
this requires sufficient knowledge of the active mechani-
cal equipment to include the significant structural
parameters to enable the responses at all points of inter-
est to be calculated.

The test results combined with the preceding analysis
allow the model of similar active mechanical equipment
to be adjusted to take into consideration the parametric
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f qualifi-
e active
shall be

em, and

eqtipmenttemis-achieved-by-extrapolation
cation results from a single similar referen
mechanical equipment item, the extrapolation
based on similarity of excitation, physical sys
function.

QR-A-7331 Excitation. Similarity of excitation con-
stitutes likeness of the following parameters] spectral
characteristics, duration,<directions of excitatjon axes,
and location of meastirement for the motiong relative
to the equipment mounting. Ideally, these parameters
should be as alike as is practical for excitations whose
similarity is to be established. However, a conpervative
composite excitation may be generated by ektrapola-
tions or ifiterpolations of data whose parametefs are not
identical but are justifiable. For example, estimptes may
be baseéd on measurements elsewhere on the ptructure
or on other structures in the vicinity of the given active
mechanical equipment, when the estimates car| be justi-
fied by calculations based on sound engineering meth-
ods using geophysical models, structural mgdels, or
both, as applicable. Likewise, excitations whos¢ spectral
content is significantly different may be used to|generate
lower-level composite estimates, provided that an
account is taken of possible multiaxis responge, cross-
axis coupling, or both. Justification for such approxima-
tions shall consider all modes of the active m¢chanical
equipment response that are significant in determining
its structural integrity and functionality. A sufficient jus-
tification is that active mechanical equipment is|stressed,
excited, or both to at least as high a level by each of
the component spectra used to create the loyver-level
composite spectrum estimate.

The qualification shall account for the fatigiie effects
of exposure to the required normal and abnormal condi-
tions, such as normal operating vibrations and [the OBE,
if required.

ive méchanical
equipment similarity shall be established for an active
mechanical equipment assembly, a device, or both, or
subassembly (including mounting), depending on the
configuration of the new active mechanical equipment
to be qualified. For a complete assembly, similarity may
be demonstrated through comparison of make, model,
and serial numbers, and consideration of dynamic
response characteristics and construction.
Similarity of dynamic response characteristics may be
established by comparing the physical parameters of
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the active mechanical equipment. This may be done by
comparing the predominant resonant frequencies and
mode shapes. These dynamic characteristics are depen-
dent on parameters such as the following:

(a) active mechanical equipment physical dimensions

(b) active mechanical equipment weight, its distribu-
tion, and center of gravity

(c) active mechanical equipment structural load-
transfers st i i ISR
excitation

(d) adtive mechanical equipment base anchorage
strengthland stiffness to ensure structural integrity and
adequat¢ boundary conditions

(e) active mechanical equipment interfaces with adja-
cent itenll\s or connecting accessories, such as cables and
conduits

Assurance shall be obtained that modifications to pre-
viously fualified active mechanical equipment do not
effect a ¢hange in the dynamic response characteristics
of the itgm being qualified compared with the item used
for similarity.

QR-

ment bei

-7333 Function. Active mechanical equip-
g qualified may be required to perform a safety
functiof during and/or after an earthquake. The
required| function during the earthquake may, or may
not, be the same as after the earthquake. Therefore, for
each qudlification, the required function shall be defined
during z;];d /or after the earthquake. The available quali-
fication ¢lata shall provide documented evidence to stip=
port thg demonstration of proper functionality, as
defined, [for each application. Where an activefunction,
or absente of a spurious function, is required during the
earthqudgke, the available qualification datashall provide
sound efidence that the candidate active mechanical
equipmgnt will perform as required_in the system for
which it|is being qualified.

QR-A-7400 Earthquake-Experience-Based
Qualification

Procedures are presented in this subarticle to seis-
mically qualify active mechanical equipment by compar-
ison with (he* body of documented equipment
performaricefrom facilities that have experienced natu-

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

(e) documentation of the qualification process

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

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

(a) Ground motion recordings or conseryative [esti-
mates from a minimum of four reference sites’containing
reference active mechanical equipmerit are requirdd to
establish a reference active mechanical'équipment dlass.
The four reference sites should be selected from at [east
four earthquakes.

(b) The free field ground-umnotion of each refegence
site should be establishedby recorded data within|two
structural diameters of the site structure location.|The
recording location should have the same geologjcal/
geotechnical conditions as the reference site strugture
location. The{measurement of two structural diamgters
starts at the.perimeter of the foundation. Estimatg¢s of
free fieldiground motion for a reference site more digtant
than two structural diameters from the recording Joca-
tionvor where there are no nearby recorded data [may
be'made, provided that the estimates are conservatfvely
derived and justified. To make the ground motion |esti-
mates for these two cases, multiple attenuation relation-
ships developed using strong-motion recordings from
earthquakes with similar tectonic environments, crjistal
properties, and seismological parameters are to be ysed.
The range of parameters used to develop the attenugtion
relationship shall encompass those of the referencq site
and earthquake. The appropriate level of conservatism
is the average of the 5% critically damped resppnse
spectrum estimate obtained from each attenudtion
relationship.

(c) The ground response spectrum assigned to a rpfer-
ence site shall be the average of two orthogonal hori-
zontal components of the 5% critically damped resppnse
spectra at the reference site.
esti-
Ctive

(d) The free field motion shall be considered an
mate of the seismic excitation experienced by the a

mechanical cauipment at the reference site
e il o

ral earthquakes:

Qualification based on earthquake performance
involves five steps that are covered in the following
subsubarticles:

(a) characterization of earthquake motions by a
response spectrum

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

(c) characterization of the reference active mechanical
equipment class
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QR-A-7412 Experience-Based Seismic Capacity.
The earthquake experience spectrum (EES) is a response
spectrum that defines the seismic capacity of a reference
active mechanical equipment class. The EES shall be the
weighted average of the spectrum at each reference site.
The weight factor as provided below shall be the ratio
of the number of independent items at each reference
site to the total number of independent items at all
reference sites.
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S NA, Table QR-A-7422-1 Reduction Factors
Apps, i = "= Number of EES Reduction
> N, Independent Items Factor
n=1
30 1.0
where 25 0.9
Aggs,i = spectral acceleration of the EES, at 5% criti- 20 0.8
cal damping, at frequency i 15 0.7
A, i = spectral acceleration, at 5% critical damp-
ills, ai. lC[UIEIILE Dii.C rt Clllb‘l flﬁblutfllk,y l
m = number of reference sites, a minimum of component is located immediately adjacentto'a|distribu-
four tion system support providing seismic réstraing), a limi-
N, = number of independent equipment items at ~tation shall be applied in terms of an inelusion rule for

reference site n

QR-A-7420 Characterization of the Reference Active
Mechanical Equipment Class. A reference active mechani-
cal efuipment class is a group of active mechanical equip-
meryt that shares a range of physical, operational, and
dynpmic characteristics whose performance in earth-
quakes has been documented. The attributes of the
actiye mechanical equipment that constitute the refer-
encq active mechanical equipment class shall be defined
suclf that those features important to seismic ruggedness
can pe ensured, and any seismic vulnerabilities can be
ideptified and precluded in the candidate active
mechanical equipment. These active mechanical equip-
ment ruggedness and vulnerability attributes of the ref-
ererjce active mechanical equipment class shall .be
defified in terms of inclusion rules and prohibited fea-
turef, respectively.

QR-A-7421 Attributes of Equipment Class. Inclu-
sionfrules are the physical and operationialycharacteris-
tics|that define an acceptable range of equipment
phypical characteristics, dynamic-characteristics, and
fundtions for ensuring seismic ruggedness and defining
the bounds of active mechanical*¢équipment included in
a reference equipment class:

TTe following factors shall also be considered and
evaluated when dewveloping inclusion rules: active
mechanical equipthént type, weight, features, size and
shape, functiom, capacity rating, load path, governing
inddystry staridards, materials, natural frequencies, mov-
able[subassemiblies, attached items or components, and
modifications necessary to achieve the defined seismic

capdcity. Not all of these attributes may be applicable -A- i i i ake.

to a particular class of equipment.

The diversity of features represented in the reference
active mechanical equipment shall be described in the
inclusion rules. In those cases where diversity is limited,
the reference active mechanical equipment class shall
be narrowed to the specific features represented in the
reference active mechanical equipment. In developing
a reference equipment class for in-line components, if
more than half of the items are judged not to have experi-
enced distribution system amplification (i.e., the in-line
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the reference equipment class.

Prohibited features are designidetails, materfals, con-
struction features, or installation characteridtics that
have resulted in seismic;indticed failure of the active
mechanical equipment to.maintain its structugal integ-
rity and perform itsCspecified function at eafthquake
excitations up to and including the defined seismic
capacity level.

Prohibited{features should include any attributes that
would contribute to fatigue failure from low-cy¢le loads.
The rulestof this Appendix apply to active m¢chanical
equipmient that may undergo five OBEs or aftershocks
and one SSE, resulting in 60 full-range stress cycles dur-
ing facility life. If a component contains items that could
éxperience a fatigue failure from low-cycle loagls (fewer
than 60 full-range stress cycles), it shall be evajuated in
accordance with Subarticle QR-A-6800.

QR-A-7422 Number of Independent Items.
erence active mechanical equipment class
include a minimum of 30 independent items that per-
formed satisfactorily. Independent items ard compo-
nents and equipment that have different physical
characteristics or experience different seismi¢ motion
characteristics, e.g., different earthquakes, sitgs, build-
ings, or orientations/locations in the same bujlding.

Where fewer than 30 independent items cpnstitute
the reference equipment class, the EES shall bg reduced
by the factors given in Table QR-A-7422-1 to|produce
the same statistical confidence level as a referer|ce active
mechanical equipment class comprising 30 ind¢pendent
items. The number of independent items shall not be
fewer than 15.

The ref-
should

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

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

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

-7431 Inherently Rugged Active Mechanical

Earthquake experience shows that certain

ment is inherently rugged. Where inherent seismic rug-
gedness|can be established through analysis, testing, or
earthqudke experience, or where the seismic loads are
but a small fraction of the operating loads, the rules for
charactefizing the reference equipment class (i.e., the
attributgs and number of independent items defined in
paras. QR-A-7421 and QR-A-7422) and the procedure
for defirfing the seismic capacity of the reference active
mechanial equipment class (i.e., the EES defined in

-7432 Limitations. Earthquake-experience-
based qualification is limited by the following
considerptions:

(a) Some types of active mechanical-equipment have
complex]| features, and their design(varies significantly
with timp. These applications require more detailed con-
sideratidns of design variability,ywhich may render the
applicatfion of experiencedata impractical. In these
cases, other methods of qualification shall be used.

(b) In|certain cases,fudnctions such as operation dur-
ing an darthquake\or'chatter of relays and contact
devices may be difficult to establish from the experience
data. In these cases, other methods of qualification shall
be used.

(c) If
diversity in the sample, or 1nsuff1c1ent reference sites to
adequately define an equipment class, other methods
of qualification shall be used.

(d) Use of earthquake experience data ensures active
mechanical equipment seismic qualification in combina-
tion with normal operating loads. For active mechanical
equipment subject to other concurrent loads, including
applied nozzle loads from distribution systems, the
effect of the loads shall be addressed by supplemental
qualification methods, such as analysis and testing.
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(e) Applications that require active mechanical equip-
ment be exposed to harsh environments or aging prior
to or during an earthquake require special consideration.
In such cases, qualification methods other than
experience-based methods may be required.

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

Specification, shall be derived from the design-hasis
earthquake (see Subarticle QR-A-6100). The mini

ical equipmenti.class.

(d) The candidate equipment shall be verifi
exclude thevprohibited features of the reference aftive
mechanical equipment class.

(@) Candidate equipment of a newer vintage thafp the
reference active mechanical equipment class shall be
evaluated for any significant changes in design, mate¢rial,
or fabrication that could reduce its seismic capacity ¢gom-
pared with the reference active mechanical equipient
class.

(f) The qualification of candidate equipment sh4ll be
documented as specified in Subsubarticle QR-A-8330.

QR-A-7500 Test-Experience-Based Qualification
(to be added in a later edition)

QR-A-7600 Combined Qualification Methods

All of the qualification methods — experience {lata,
analysis, and testing — have advantages and limita-
tions. For example, to qualify the active mechafical
equipment in question, it is necessary to show thaf the
like active mechanical equipment in the experience

develop the 1nput seismic motlon apphcable to the expe-
rience database.

Results of a given particular active mechanical equip-
ment qualification test may become a part of an experi-
ence database. Strictly speaking, this qualification is
applicable only to the active mechanical equipment
tested. To extend qualification to similar active mechani-
cal equipment, it is necessary to consider potential differ-
ences in material properties, sizes, manufacturing
tolerances, clearances, and mounting characteristics.

@an
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When these differences exceed the limits of similarity
as provided in Subarticle QR-A-7300, their effects on
qualification shall be evaluated directly by means of
analysis or test.

Analysis in general is limited to determination of
loads, reactions, stresses, strains, deflections, and clear-
ances, which are then compared with acceptable limits.
Loss of function of active mechanical equipment, how-
ever, cannot always be explained in terms of such com-

Qualification Report is the responsibility of the manufac-
turer. It is the responsibility of the Owner to review and
accept the Seismic Qualification Report.

QR-A-8200 Seismic Qualification Specification
Requirements

The following gives directions in the preparation of
the Seismic Qualification Specification required for eval-
uation of the active mechanical equipment:

putéd quantities. In such cases, experience data or
testing shall be relied on to demonstrate functionality or
othgrwise establish acceptable limits on those quantities
that|[can be evaluated by analysis.

All three methods or combinations thereof may be

usedl to seismically qualify functionality of active
mechanical equipment. The decision as to the methods
to be used to qualify a given piece of active mechanical
equipment shall be left to the Registered Professional
Englneer(s) of the qualifying organization who approve
and pign the Seismic Qualification Report (see Subarticle
QR-A-8300).
Hpwever, nothing in this Appendix shall be interpre-
ted ¢s preventing the author of the Seismic Qualification
Spegification (SQS) from specifying in detail (in the SQS)
the I:ethod(s) or combination of methods to be used in
seisinically qualifying the active mechanical equipment
covgred by the SQS.

QR-A-8000 DOCUMENTATION
QR-A-8100 General

The documentation for qualification of\each active
mechanical equipment type shall demonstrate that the
actiye mechanical equipment perfdrms its specified
fungtion when subjected to the/seismic motions for
whi¢h it is to be qualified, incldding any required mar-
gin.|Therefore, proper documentation requires a clear
stat¢gment of the specific fequirements and an accurate
recopding of the procedures and results of the analysis,
test} experience data) or any combination of these
methods.

Two documents’are required to demonstrate func-
tionpl seismic’qualification of active mechanical equip-
menit: a Seismic Qualification Specification and a Seismic
ification Report. The preparation of the Seismic

active mechanical equipment Owner or his designee.
The preparation of the Seismic Qualification Report is
the responsibility of the organization that performs the
active mechanical equipment seismic qualification and
evaluates the results as applicable to the qualification
of the active mechanical equipment. In the event that a
manufacturer of the active mechanical equipment per-
forms a generic seismic equipment qualification, the
preparation of both the Seismic Qualification
Specification (as the Owner’s designee) and Seismic
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(a) Therequired response spectrum (RRS)forthe loca-
tion on which the active mechanical equipmertt is to be
mounted shall contain the data for théjtwo hprizontal
axes and one vertical axis as a minimtum. The IRRS shall
be appropriately broadened or based on a building in-
structure response spectrumsthat was apprgpriately
broadened. The RRS shall incliade the dampirlg values
for which it was calculated,

(b) If RRSs are not flitnished, acceleration dgsign val-
ues; load coefficients; simplified waveforms, su¢h as sine
beats or sine sweep;'or a time history shall be grovided.

(c) The earthquake’s strong-motion time fluration
shall be specified, in seconds, as well as the tota] number
of cyclesiand cyclic profile.

(d) Active mechanical equipment mounting
portidetails, including all interface connections
described.

(e) A physical description of active mechanidal equip-
ment shall be provided.

(f) A clear description of the functional requirements
for which the active mechanical equipment is tp be seis-
mically qualified shall be provided. This degcription
shall include typical operational settings (or rapges) for
adjustable devices.

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

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

(i) Acceptance criteria shall be specified.

(j) ASME Class 1, 2, and 3 components
identified.

or sup-
shall be

ment is

shall be

QR-A-8300 Qualification Report

The Qualification Report shall present a cledr, logical
explanation of how the data contained in thg Seismic
Qualification Specification and resultant experience,
i inati pen used
to achieve seismic qualification of particular active
mechanical equipment. Toward this end, the
Qualification Report shall contain the following
information:

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

(b) Required response spectrum (RRS), acceleration
design value (ADYV), time histories, required input
motion (RIM), or load coefficient levels for which active
mechanical equipment is being qualified shall be shown.
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(c) A detailed summary of the analysis, test, past
experience used, and results (including pertinent anom-
alies) shall be presented. Details defining a test fixture
if used during testing shall also be provided. If a compo-
nent or device of the active mechanical equipment is
tested or analyzed separately, the procedure used shall
also be summarized. If an anomaly is experienced dur-
ing any test, it shall be documented in the report. If the
active mechanical equipment is not modified to elimi-

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

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

(e) test data, including proof of performance, test
response spectrum (TRS) plots, required input motion
(RIM) plots, time histories, and power spectral density
(PSD) coherence checks as necessary. Whatever the type
of multifrequency testing employed, the acceleration

nate the| anomaly, then the final user shall justify the
use of the active mechanical equipment and file this
justification with the Seismic Qualification Report. Any
active miechanical equipment refurbishment that is per-
formed fluring seismic testing shall be documented in
the test feport and reconciled by the active mechanical
equipmgnt supplier. These data may become part of the
postearthquake field maintenance checks and proce-
dures fof that active mechanical equipment.

(d) If analysis is used to qualify the active mechanical
equipmgnt, 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
Qualificgtion Report shall be identified and referenced.

(g) A ldated approval signature shall be included.

QR-A8310 Analytical Data. If analysis is performed
as the qualification method, the method and data used,
and failfire modes considered, shall be presented in'a
step-by-$tep form that is readily auditable by persens
skilled iff such analysis. Boundary conditions, including
anchoril]‘lg and any other interfaces, shall be’clearly
defined.| Input/output data required to\support per-
formancg claims shall be included inthe report. The
reaction fforce(s) at the interface conriection(s) to the sup-
port strycture shall also be included.

A stat¢ment shall be made vérifying that the computer
programs were validated orthe computer hardware on
which tHe program was.executed. Computer programs,
options, [version numbers, dates, and systems used shall
be identjfied and documented.

QR-A-B320_TestData. If testingis used as the qualifi-
cation mnethod, the test data shall contain the following
informafion®

time history of the iInput table motion shall be proviided
in the test report in addition to the TRS. As a mininjum,
a time history of the table motion shall be providedl for
one test in each of the three directions of excitation from
the SSE testing.

(f) test results, including measuréd natural frequen-
cies and conclusions (includifhg'statement of|any
anomalies)

QR-A-8330 Earthquake:«Experience-Based Qualifica-
tion Documentation. The’Qualification Report ghall
include

(a) a detailed description of the active mechahical
equipment to be-qualified, including the essential ipter-
nal components.and devices.

(b) the tequired response spectrum at 5% criftical
damping:

(c) @,detailed description of the reference adtive
mechanical equipment class, including

(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 meclani-

cal equipment class
(4) inclusion rules and prohibited features
(5) function of the reference active mechampical
equipment class
(6) compliance to the requirements of this Stanflard
(d) compliance of the active mechanical equip{:ent

to be qualified to the inclusion rules and prohilited
features of the reference active mechanical equipnent
class.

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

QR-A-8340 Combined Methods of Qualification. If
proof of performance is by a combination of methods

y of
and

(a) active mechanical equipment being qualified
(1) tested active mechanical equipment identifica-
tion (including devices)
(2) tested active
Qualification Specification
(3) tested active mechanical equipment settings
and limitations when appropriate
(b) test facility
(1) location
(2) testing equipment and calibration

mechanical equipment
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report shall contain reference to the specific combined
qualification method used and appropriate information
contained in each method as described therein. When
extrapolation of data is made from similar active
mechanical equipment, a description of the differences
between the active mechanical equipment involved shall
be provided. Justification that the differences do not
degrade the seismic adequacy below acceptable limits,
which may require some additional analysis or testing,
shall be included.
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Nonmandatory Appendix QR-B
Guide for Qualification of Nonmetallic Parts

SCOPE

QR-B-3000 REFERENCES

equipment qualification program.

Tlis Appendix provides guidance for the use of non-
metallics test data, documented service life information,
anallysis as a means of qualification, qualification testing
of npnmetallics, and the establishment of limitations on
the fise of certain nonmetallics to ensure their acceptable
perfprmance. It provides guidance on the factors to be
condidered in qualifying equipment using these nonme-
talli¢s for service in nuclear facility environments.
Tlhis Appendix addresses the steps for the user of the
mechanical equipment to follow to qualify and maintain
the fjualification of the nonmetallics that are a part,of
the fnechanical equipment.

B-2000 PURPOSE

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 qual-
ification maintenance program for the equipment in
which the nonmetallics are used.
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IEEE Std 101-1987, Guide for the Statisticah An
Thermal Life Test Data

IEEE Std 323-2003, Qualification of NLE "Equipjment for
Nuclear Power Generating Stations

IEEE Std 627-1980, Design Qualification df Safety
Systems Equipment Used in Nucleag Power
Generating Stations

alysis of

Publisher: Institute of Electrical and Electronics
Engineers, Inc. (IEEE), 445 Hoes Lane, Pijcataway,
NJ 08854 (http¥/ /www.ieee.org)

QR-B-4000 DEFINITIONS

Adl definitions are contained in Article QR-4000.

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

Normally, nonmetallics in mechanical equipjment are
more susceptible to degradation resulting fron} normal,
abnormal, and accident environmental and seryice con-
ditions than are metallic parts. The qualificatipn of the
nonmetallics in mechanical equipment shall bg demon-
strated for the applicable postulated service gnd envi-
ronmental conditions to ensure that the equipment can
perform its intended safety function.

The nonmetallics shall be identified by theif specific
material name, manufacturer, manufacturer’d specific
compound, configuration, and their safety fumnction(s).
All of the environmental service conditions at the loca-
tion of the nonmetallic shall be clearly defined. The effect
of the process medium temperature on the life of the
nonmetallic should be evaluated for any|process
medium whose temperature is higher than the highest
externa i 2 2 dture rise
within the mechanical equipment during operation of
the equipment should also be included when defining
the environment for a nonmetallic.

When qualification is by analysis, it is important that
the combined effects of the environmental parameters
be fully considered in the analysis. The combined effects
of time-temperature and radiation degradation should
be considered. The effect that exceeding the radiation
threshold could have on the time-temperature analysis
should be included in the analysis.
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The effects of environmental and service conditions
should be evaluated, and all failure mechanisms associ-
ated with these conditions should be identified. This
evaluation should be used in selecting an appropriate
qualification method.

QR-B-5200 Identification and Specification of
Qualification Requirements

Each nonmetallic shall be identified by material type.

(f) duration: normal, DBE, post-DBE
(¢) spray: chemical, demineralized water
(h) submergence

QR-B-5220 Internal Conditions. The internal condi-
tions depend on the application of the mechanical equip-
ment and vary accordingly. These parameters may
include

(a) process fluid media type and chemistry

It is important to be as specific as possible, since there
may be Yariations in degradation properties of nonme-
tallics wjthin the same generic material family. The fol-
lowing gre necessary to properly identify nonmetallics:

(a) commercial name/trade name of the material

(b) mgnufacturer

(c) geheric name/chemical name of the material

(d) dimensions of the part(s) composed of the material

(e) ch¢mical composition of the material

(f) mgnufacturer’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 bgsed on the material’s critical failure mechanism
in the inftended service)

NOTE: When properties for a specific material are not available,
the qualiffer should choose data for materials of the same family
and failurp mechanism as the materials in question. The qualifier
shall provfide a basis as to why these properties are conservative.

The s3fety functions of each nonmetallic should be
specified. Each nonmetallic’s location and function™ir
the equipment should be identified. The effects of failtire
modes (fhe component’s manufacturer should be con-
sulted fqr advice/assistance in making this. détermina-
tion) for the nonmetallic should be evaluated with
respect fo its safety function. Nonmétallics having no
failure thodes under the specified \erivironmental and
service donditions that affect thé safety function of the
mechanifal equipment may be.excluded from qualifica-
tion. Hopvever, the evaluationdeading to their exclusion
should be recorded in the: mechanical equipment’s quali-
fication flocumentation,

QR-B}5210 External Conditions. The external ser-
vice conglitions.should be specified separately from the
conditiohs at‘the location of the nonmetallic (internal to
the mechanical equipment). The specification for the

(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, anal-
ysis, use of operating expeérience, and combinafions
thereof. The choice of qualification method will depend
on the severity of the-environmental and service cgndi-
tions and the restlting failure mechanisms for the hon-
metallics. In some ‘instances, it may also depend on the
data available(to document qualification.

Analysis, thay be used when a well-defined mfodel
exists for'evaluating the effect of the environmental and
seryice conditions on the nonmetallics. The use of afaly-
sis i simplified when the number of influences o the
nonmetallics is limited to one or at most two paramqters.
Operating experience may be used if it can be adequgtely
documented and shown to envelop the specified nojmal,
accident, and postaccident environmental and sefvice
conditions of the nonmetallic. Testing to simulated |con-
ditions may be used when applicable analytical mqdels
do not exist or when the number of influences tpo be
considered makes their use difficult. Any of the methods
may be used in conjunction with another. For example,
operating experience could be used to limit or elimjnate
the need for normal life simulation. The reasoning for
the choice of methods should be documented ir} the
qualification record.

Following qualification, it may be necessary tq use
alternate nonmetallics or change the configuratiqn of
nonmetallics in the course of equipment evolution| The
effects of these changes and/or substitutions should be
evaluated to determine if the nonmetallic’s qualification
hasbeen affected. The evaluation should be documeinted

external conditions should include normal, abnormal,
and postulated design-basis event (DBE) parameters.
These parameters may include, but are not limited to,
the following;:

(a) temperature

(b) pressure

(c) relative humidity

(d) radiation: gamma, beta, neutron (doses and rates,
under normal and accident conditions)

(e) cycling/operability: wear, make/break

28

and become part of the qualification record for the asso-
ciated mechanical equipment. If the evaluation deter-
mines that qualification has been affected, the
nonmetallics shall be qualified in accordance with all of
the requirements of this Appendix. Analysis may be
used provided it is documented; it demonstrates that
the substituted nonmetallics are equal or superior to the
qualified nonmetallics in materials, design, and applica-
tion; and it demonstrates that they do not compromise
the performance of the mechanical equipment under
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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 docu-
mentation. Reference to another appropriate document
containing the data may be made in lieu of repeating
the contents of that document.

The shelf life of all nonmetallics, and any applicable

QR-B-5500 Documentation

The qualification of nonmetallics shall be docu-
mented. The equipment user should maintain the record
of qualification. The documentation should, as a mini-
mum, include

(a) identification of each nonmetallic in the
equipment

(b) description of its application/function in the

machanical-cginrant

storgge 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-
priafe preventive maintenance, testing, and monitoring.
Car¢ should be taken to ensure that nonmetallics are
exp¢sed to conditions that are no more severe than those
for ywhich they have been qualified.

If|during the course of their service life nonmetallics
are ¢xposed to conditions not bounded by the qualifica-
tion| their ability to withstand these conditions shall
be ejvaluated, and, as appropriate, further qualification
shal| be performed. This additional qualification may
resuflt in shorter qualified life, increased surveillance
requirements, or the need for the use of another material.
Tlhe preventive maintenance that was assumed or sim-
ulated under the qualification program should be per-
formed on the installed component to preserve-the
qualification of the component. Nonmetallics shotld be
replaced prior to the end of their qualified lives. Any
timq that the nonmetallic is disturbed, suchtas during
corrpctive maintenance, it shall be returned to the condi-
tion| assumed or simulated in the qualification. For
exarpple, disturbing crush-seal O-rings will require their
replpcement. The maintenance program for the overall
ponent should ensure that all covers, seals, etc., that

a random defect or stress that was not fully consid-
ered during the qualification. If the condition resulted

AN - APPIOPTIALe a On 0.AS el1MINar-
ing the stress, limiting the life of the nonmetallic, or
requalification, should be taken.

Where uncertainties exist in qualification models or
in accurately defining environmental or service condi-
tions at the location of the nonmetallic, condition moni-
toring may be used to establish replacement and
refurbishment schedules. Intervals between monitoring
the condition of the nonmetallic should be set such that
wear out or failure does not occur prior to observation
of the condition.

arical-equipment

(c) the equipment’s postulated internal ,dand|external
service conditions

(d) the Qualification Report

(e) the qualified life of each nonmetallic

(f) the qualification for replacément nonmetgllics that
were not part of the original-qualification

(g) schedules and requirements for maintenance/
surveillance

(h) shelf life preservation requirements

Qualification docdumentation should includelas much
detail as possible concerning assumptions and ¢onsider-
ations made during the performance of the qualification.
Such details/are of great use during the servife life of
mechanical equipment when further analysis afnd evalu-
ation.of the qualification of nonmetallics are rjecessary.
It should also establish traceability and similarfty to the
tested /analyzed materials for the nonmetallic that are
installed in the qualified component.

Article QR-B-7000 describes the details of the docu-
mentation procedure requirements of this Appendix.

QR-B-6000 METHODS OF QUALIFICATION
QR-B-6100 General

This Article provides guidance on the applifation 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 qualifica-
tion engineer should consider in selecting the most
appropriate method, or combination of methqds, for a
specific component. It is the qualifier’s respongibility to
ensure that any qualification of nonmetallics i3 done to
the same margins as is required by Sections QH and QV,
as applicable.

Testing at the actual conditions desired for qualifica-
i i i d that the
nonmetallic will perform acceptably. However, it may
be necessary to approximate the anticipated conditions
as a result of limited time and test facility capabilities.
The qualifier shall consider the effects of these approxi-
mations on the qualification results.

The application of experience from actual service of
a similar nature to that desired for qualification may
provide information from applicable environments, but
adequate documentation of that experience may be diffi-
cult to maintain and retrieve. The qualifier shall exercise
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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 compar-
ison are validated and appropriate for the specific quali-
fication activity.

In most cases, a combination of the three methods

will proyide the most accurate and reliable qualification.

Prior tp selecting the method(s) to be used in a particu-
lar qualification application, the qualifier should evalu-
ate the pptential failure modes of the nonmetallic(s) and
the consequences of that failure. Formalized approaches
to this amalysis, such as failure modes and effects analy-
sis, shoyld be considered. Such an analysis can assist
the qualifier in predicting the most probable failure
mode (spich as tensile failure or compression set) and
the degree to which the degraded part can perform its
safety fynction.

In ordpr to be qualified to the criteria of this Article,
the noninetallic shall demonstrate that after exposure
to its nojmal and / or accident environments, it will retain
sufficienf properties to perform its intended safety func-
tion. It shall have at least the specified minimum elastic-
ity, tensile or compressive strength, or other pertinent
property] that the mechanical equipment manufacturer
deems necessary for the nonmetallic to perform its safety
function|

QR-B-6200 Arrhenius Model

where
E, = activation energy of the nonmetallic, eV
kz = Boltzmann’s constant
= 0.8617 x 107 eV/K

Ty = accelerated aging temperature, K

T, = qualified service temperature, K

t; = accelerated aging time, units of time (usually
days)

t, = qualified service duration, same units of time
as ty

One of the most important assumptions enwhich the
Arrhenius model is based is that the activation energy
of the reaction remains constant over the tempergture
range of interest. Activation energies for most elgsto-
meric materials are typically in the-range of 0.75 ¢V to
0.85 eV. However, there is a gfeat deal of data available
to the qualifier with higher.and lower electronvolfs. It
is the qualifier’s responsibility to review the available
literature and database§ to determine the electropvolt
most applicable to the material and the specific usage
for which it is beifig qualified.

It is the respensibility of the qualifier to deterinine
the activation*energy of the material being qualﬁed.
The manufacturer of the nonmetallic is normallyf the
primary; source for this information. If the manufacfurer
is unable to provide the required information and the
quialifier uses data for similar materials, it shall be dem-
onstrated that the value selected is conservative fof the
material being qualified, intended use/configurati¢n of
the material, and environmental conditions for wihich
the qualification is intended.

A recpgnized method of characterizing accelerated
thermal pging effects and estimating equivalet damage NOTE: Lower values of activation energy produce conseryative
at specif]c time-temperature points is the application of results when predicting lifetimes from accelerated aging testg. The
the ArrHenius model. This methodology is described reasonableness of these results should be considered in the determi-
below nation of the qualified life of the nonmetallic.

It has b?en gene.rally demonstrated that f(?r many The Arrhenius model is presented here because ¢f its
nonmetgllics, the time-temperature degradation pro-  wide acceptance in the determination of thermal alging
cess can pe described in a single-temperature-dependent effects. However, other models have also been de¢vel-
reaction [that follows theArrhenius equation oped, especially by material manufacturers. It is refom-

mended that the Arrhenius model be used.
k =\Aexp [-(E,/kgT)]
QR-B-6300 Testing
where . . .. ..
Testing a nonmetallic at conditions similar to those
A = fréquency factor (assumed constant) A s . .
Y for which it is to be qualified can provide a high |evel
Ea = aCthathn energy/ ev of confidence in-its abilitv to perform its safetyv fund ion
J Ir J *
exXp = expo.nent to base e Testing shall subject the nonmetallic to load conditions,
k = reaction rate durations, and sequences that have been shown to be
kg = Boltzmann’s constant at least as severe as the conditions for which the nonme-
= 0.8617 x 107™* eV/K tallic is to be qualified. Except as described in
T = absolute temperature, K Subsubarticles QR-B-6310 and QR-B-6320, the sequence

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

tz = tl exp Ea/kB (1/T2 - 1/T1)
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of applied loads should duplicate, to the extent practica-
ble, the environment for which the nonmetallic is to be
qualified. A typical sequence includes thermal aging,
radiation exposure, and operation under the qualifica-
tion conditions of temperature, pressure, humidity, and
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chemical environment. The test sequence, whether as
described above or some other, shall be justified and
documented as appropriate for the qualification
application.

It is preferred that the nonmetallic be tested when
installed in the actual equipment in which it performs
its safety-related function. If this is not practical, the
fixture used should accurately simulate the actual instal-
lation of the nonmetallic.

showing a correlation between the long-term thermally
induced degradation at one temperature and the acceler-
ated degradation that occurs at elevated temperatures
is described in Subarticle QR-B-6200.

During the thermal aging process, the nonmetallic
shall be mounted or contained in its normal configura-
tion, either as installed in the mechanical equipment or
in a test fixture.

QR

Dfiring the qualification testing, typical conditions of
static and mechanical loads (including operating cycles),
cherpical environment, radiation environment, tempera-
ture} and pressure shall be applied. The operating cycles
during aging (end-of-life conditions) should simulate
the ¢xpected operation for the same interval as the accel-
erated normal life. Separate operating cycles should be
imppsed during simulated accident exposure for equip-
ment that is expected to operate during and/or follow-
ing | exposure to an accident or postaccident
environment(s). The test conditions and duration of test-
ing phall be as severe as the conditions for which the
nonfnetallic is to be qualified.

Cpnsiderable data exist as a result of testing per-
fornped by manufacturers and users of nonmetallics.
With proper verification of the validity and applicability,
thesp data can be used in the qualification process. This
verification should include a consideration of the physi-
cal and chemical properties, test sequences, loads and
load combinations applied, durations of loads, and
potdntial synergistic effects. A sound basis shall be pro-
vidgd for accepting testing sequences other thah.those
stat¢d above.

Other factors to consider include the size and shape of
the lonmetallic being tested, amount of- the nonmetallic
expgsed to the test environment, and\variation of the
material properties within the specific material com-
poupd. The effect of a given envifonment on one prop-
erty|of the material shall not be used to infer the effect
of that environment on.ether properties unless the
appfopriate correlatiofiis/justified.

Tlhe uncertainties)inherent in the test methods, test
fac{ties, assumptipns, and judgments concerning se-
quences of loads applied and other factors should be
congideredtwhen establishing qualification margins.

QR-B=6310 Thermal Aging. Thermal agmg is
imp i
cation testing, the thermal degradatlon expected over
the life of the nonmetallic. This testing can be performed
at the temperatures expected during the life of the non-
metallic or can be accelerated to some extent by sub-
jecting the nonmetallic to higher than expected
temperatures for a shorter time than anticipated in ser-
vice. If accelerated aging is used in the qualification
process, extreme care shall be taken to ensure that atypi-
cal material changes resulting from the elevated temper-
ature do not invalidate the test data. A method of

property chariges. The effects of self-shielding and loca-
tion of the&ojrce(s) should also be evaluated 4nd justi-
fied. Thépossibility that low-dose rates experjenced in
actualservice may be more damaging than the higher
rates\applied during qualification should alsq be con-
sidéred.

Consideration should be given to the types fof radia-
tion (beta, gamma, etc.) that the equipment and its non-
metallics will see in service. These types of fadiation
shall be addressed in any testing program and tle appro-
priate exposure requirements established by the
qualifier.

QR-B-6330 Mechanical Wear Aging. Mechanical
wear resulting from operating cycles is an important
qualification consideration. It is desirable to pegform the
wear cycles during the accelerated thermal and fadiation
aging process to account for any transitory [property
changes. The qualifier should consider the fact that accel-
erated aging (thermal and radiation) may impope differ-
ent loadings and material property characterist{cs on the
nonmetallic. If it is determined that this is fhe case,

t1on w1th 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 antici-
pated operating sequences are justified.

QR-B-6400 Use of Experience

Data obtained from operating experience are consid-
ered comparable with test data, provided the total envi-
ronment in which the nonmetallic was used is well
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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 nonmetal-
lic, a common application of experience data in
qualification is the testing at DBE conditions of the non-
metallic previously used in the actual environment of

QR-B-7100 Documentation for Qualification by
Operating Experience

(a) identification of the specification for the non-
metallics for which operating experience is available

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

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

interest.

Witholut further testing, the experience data shall ade-
quately ¢lemonstrate that the criteria stated in Subarticle
QR-B-61[00 for demonstration of qualification can be
met.

0 Qualification by Analysis

tallics may also be qualified through the use
is. Analysis may be used to show that test
or expefience conditions are more severe than those
to which the candidate nonmetallic is to be qualified.
Analysid is also used to determine the loads that are to
be applipd in the qualification process. It can also be
used to dlemonstrate that specific load combinations are
appropriate for a given qualification activity. The analyt-
ical techiniques used should be based on sound engi-
neering [principles and should have been verified by
indepenglent means to demonstrate their validity for the

00 for demonstration of qualification can be

QR-B-7000 DOCUMENTATION

In add
tained

ition to the documentation requirements con-
in Article QR;8000, the requirements in
Subarticles QR-B-7100"through QR-B-7400 shall be met
when ofe of the stated methods is used to qualify
nonmetdllics.

operating history
(d) the logic used to qualify the nonmetallic fdr its
intended service based on the available experience [data
(e) limitations on the qualification

QR-B-7200 Documentation for Qualification by
Analysis

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

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

(c) description®of the analytically established [per-
formance chdracteristics and/or the sources of thq test
data used fo.perform the analysis, along with justifica-
tion of the/data’s applicability to the specific qualifica-
tion program

(d) conclusions, including any limitationg
qualification

QR-B-7300 Documentation for Qualification by
Combined Methods

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

data

on

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

of

All modifications to qualified nonmetallics made|dur-
ing the installed life of the component should be docu-
mented by the component user. The evaluation of the
modification’s effect on the nonmetallic should be docu-
mented, as should any requalification that is determfined
to be necessary.

32
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Nonmandatory Appendix QR-C
Sample Registered Professional Engineer Certification
Statements

his Appendix provides sample Registered

Professional Engineer Certification statements that may

be ul

bed as a guide to develop the Registered Professional

Englineer Certification statements required by

Sub
QR-

bubarticle QR-8640. See Forms QR-C-1 through
C-6.

33
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Form QR-C-1 Sample Qualification Specification (QP, QV) Certification Statement

Certification

I, the undersigned, being a Registered Professional Engineer competent in the applicable field of design, testing, and
qualification of active mechanical equipment and related nuclear facility requirements relative to this Qualification
Specification, certify that to the best of my knowledge and belief it is correct and complete with respect to the Design and

Service Conditions given and provides a complete basis for qualification in accordance with and other
applicable requirements of the QME-1 Standard Edition.
The Qualification Specification and Revision being certified is:
Certified by P.E.
Registration No. State*

Date

* or Arovince of Canada

I, thelundersigned, being a Registered Professiohal'Engineer competent in the applicable field of design, testing, an
qualification of dynamic restraints and related.nuclear facility requirements relative to this Qualification Specification|
certify that to the best of my knowledge and belief it is correct and complete and provides a complete basis fo

qualification in accordance with and other applicable requirements of the QME-1 Standard Edition.

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

Certification

The Qualification Specification and Revision being certified is:

Certified by

P.E.

Registration No. State*

Date

* or Province of Canada

34
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Form QR-C-3 Sample Qualification Report (QP, QV) Certification Statement

Certification

I, the undersigned, being a Registered Professional 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 QME-1 Standard Edition.

Qualification Specification and Revision:

Dualification Report and Revision:

Registration No. State*

Certified by P.E.

Date

A or Province of Canada

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

Certification

the undersigned, being a Registered Professiondl Engineer competent in the applicable field of design, testing, and
hualification of dynamic restraints, and using the certified Qualification Specification, do hereby certify that to thg best
f my knowledge and belief the Qualification’Report is complete and accurate and complies with the qualifidation
equirements of the QME-1 Standard Edition.
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 Registered Professional 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

compli

es with the requirements of the QME-1 Standard Edition.

O I"' rH in] 4 =] P i
ualifieation-Reper-and-Revision:

Application Report and Revision:

* or Arovince of Canada

I, the|

qualification, and application of dynamic restraints-in-nuclear facilities, and using the certified Qualification Report, dq
hereldy certify that to the best of my knowledge.and belief the Application Report is complete and accurate and complieq
with the requirements of the QME-1 Standard Edition.

Qualification Report and Revision:

Appligation Report and Revision}

Certified by P.E.

Registration No. State*

Date

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

Certification

undersigned, being a Registered Professional*Engineer competent in the applicable field of design, testing

Certified by P.E.

Registration No. State*

Date

* or Province of Canada
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Section QDR
Qualification of Dynamic Restraints

SCOPE

QDR-3000__DEEINITIONS.

e Owner, to specify those restraints to which this
Sectjon applies.

Tlhe scope of this Standard is limited to hydraulic
snulpbers, mechanical snubbers, gap restraints, and vis-
coelpstic dampers. Restraints and restraint items quali-
fied|in accordance with this Section shall meet the
reqfiirements of Section QR. The requirements of
Sectjon QDR take precedence when the requirements of
Secfion QDR conflict with the requirements of
Sectjon QR.

QDR-1100 Boundaries of Jurisdiction

All elements of a dynamic restraint within the bound=
arieg of jurisdiction are within the scope of Section@DR.
The|boundaries of jurisdiction are defined as being’ from
the fonnection of the restraint to the supporting struc-
ture| or from the connection of the attachment of the
restfaint to one piping/component/striucture to the con-
nection of the attachment toSamother piping/
component/structure. Connecting_items such as pins,
bolt$, and welds are excluded from the boundaries of
jurigdiction.

Tlhis qualification Standatrd augments, but does not
replace, the requirements of ASME BPVC Section III,
Subgection NF.

QDR-2000+.“PURPOSE

T]Ile purpose of Section QDR is to define requirements
and prnvidp gnidplinpq for the qna]iﬁm’ri(m of dvnamic

The following definitions establish theé\meaning of
words in the context of their use in this) Sedtion and
supplement those listed in Section QR:

activation: the change of condition'ffom passive fo active,
in which a snubber or viscoeldstic damper resists rapid
displacement of the attached-pipe or compongnt.

breakaway: the force required to initiate movément in
one direction.

candidate restraint: those components qualified| through
extension of parent qualification.

cavitation:theé opening of a gap between the piston and
the viscoglastic liquid as a result of a force and velocity
applied-to the piston.

cavitation load: that force and velocity appligd to the
wiscoelastic damper piston that causes cavitation.

damping resistance: a linear approximation of the|relation-
ship of the load velocity characteristics of the vigcoelastic
damper piston.

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

drag: the load required to maintain restraint movement
at a specific velocity.

dynamic restraint: any support that, by design, has a
primary purpose of controlling dynamic movpment of
a pipe or component. Restraints may be single|items or
assemblies comprising multiple items.

extreme position: that limit on the piston position relative
to the barrel of a viscoelastic damper where the ppecified
damping or stiffness characteristics are np longer
applicable.

gap: the physical distance the pipe or compopent will
travel along the restraint axis before mové¢ment is

restraints. Initial qualification shall be achieved by test-
ing 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 per-
formance requirements provides the basis for
qualification.

restricted.

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.

@an
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release rate: the rate of the restraint axial movement after
the activation of the restraint under a specified load.

Service Level: Level Service Limit is defined by ASME
BPVC Section III

spring rate: the linear approximation of the relationship
of the load displacement characteristics of the restraint.

stroke: the maximum available axial movement of the
device.

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

Subsubarticle QR-7340 describes qualification by sim-
ilarity analysis. Nonmandatory Appendix QDR-A con-
tains typical parameters to be considered when
qualification is to be established by similarity.

When the requirements of Section QDR are invoked
for previously qualified restraints, a Qualification
Report shall reconcile existing qualification documenta-

QDR-40p0 QUALIFICATION PRINCIPLES AND

PHILOSOPHY

The fiindamental principles and philosophy per-
taining [to equipment qualification are provided in
Article QR-5000 and apply to mechanical equipment
in generfal. Qualification requirements specific to the
restrainf 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 restrpined system or component will move freely, as
if the redtraints did not exist. However, when a force is
applied| suddenly, restraints will control dynamic
responsgs such that the stresses in the restrained system
or comppnent will not exceed allowable Code limits.

The bjisic characteristic of a dynamic restraint is its
ability td develop a force—-displacement relationship dur-
ing dyndmic loading that will restrain the movement of
or component. The qualification program for
restraints will adequately define the level<of

may predict the degradation of these force—
ent relationships when subjected to opera-

tion with the intent of Section QDR as well as addlress
any new requirements that may be specified ir| the
Qualification Specification.

QDR-4100 Hydraulic Snubbers

Hydraulic snubbers are restraintswsed to mitigat¢ the
effects of a dynamic event. These dévices allow for frela-
tively unrestricted movement.at low velocities, typical
of thermal growth rates. Theéy control displacerhent
velocities by passing a fluidmedium through some form
of controlled passageior orifice from the high-pregsure
portion of the fluid system to a lower-pressure poftion
of the device. Jhé. controlled flow rate determines the
linear displacement of the piston/piston rod. These
devices typically provide some means of accommddat-
ing fluidiexpansion/contraction due to ambient tenjper-
ature €hanges and may accommodate fluid volume
differences associated with single-piston-rod designs.

QDR-4110 Functional Parameters. The functjonal
parameters of snubbers are essential for the usefs to
design their systems. These parameters are activdtion
level, release rate, breakaway, drag, dead band, [load
rating, and spring rate, as applicable to the individual
design.

(a) Activation of the restraint is triggered when the
design characteristic (a velocity or an accelerafion)
reaches a predetermined value in either direction.| The
activation level is determined by rapid application| of a
single-direction load of increasing velocity. Only a gmall
fraction of the rated load is normally required to actjvate

to defind this force-displacement relationship. The qual- ~ arestraint. Some restraint designs may not have an agtive
ification) program shall identify the key functional  triggering characteristic but instead rely on pagsive
parametprs to be qualified for the specific restraint type ~ inherent nonlinear response. In such cases, this test]and
identifiel. Somgtypical values of the more common  the determination of the dead band, would nqt be
functiohal parameters requiring qualification for applicable.

restraints. “are contained in Nonmandatory (b) Release rateis the velocity at which restraint mgtion
Append x-QDR-B accurs after activation has taken Iﬂ;\ma It can be Inea-

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 design-
ers for the modeling of restraints in a system analysis
and, in turn, adds to the validity of the system analysis.
The spring rate is a simplified expression of the force—
displacement relationship of the restraint under the
action of a cyclically applied load equal to the magnitude
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sured during the activation test of the restraint. The
release rate magnitude depends on the loading magni-
tude and is an indication of the recovery rate of the
restraint as it returns to the inactivated condition. The
release rate magnitude needs to be determined for sev-
eral levels up to the Service Level D load in both direc-
tions, all at a specific temperature.

(c) Breakaway can be determined using a load cell to
measure the force required to initiate movement. True
breakaway can only be determined in one direction per
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test sequence. In laboratory environments, this test can
be performed with adequate controls, but it is not
intended to be performed as any part of an inservice
operability testing program.

(d) Drag can be determined using a load cell to mea-
sure the force required to move the restraint at a specific
velocity. Testing shall be performed in both directions
through the manufacturer’s recommended operating
range.

(b) Release rate is the velocity at which restraint
motion occurs after activation has taken place. It can be
measured during the activation test of the restraint. The
release rate magnitude depends on the loading magni-
tude and is an indication of the recovery rate of the
restraint as it returns to the inactivated condition. The
release rate magnitude needs to be determined for sev-
eral levels up to the Service Level D load in both direc-
tions, all at a specific temperature.

(e} Dead band can be determined by measuring the
distances traveled by the restraint before it activates in
opppsite directions. The dead band can have a signifi-
cantleffect on performance at all load levels. It is therefore
prudlent to measure it with the associated loading at
sevgral levels, up to the rated load.

(f] Load rating shall be determined by test or analysis,

in pccordance with ASME BPVC Section III,
Subgection NF.
Spring rate shall be determined dynamically.
Additionally, a static spring rate may be determined if
required. The applied loads in tension and compression
divifled by the recorded displacements in tension and
ression describe the spring rate, including dead
. Methods of spring rate determination shall be
ified in the Qualification Report (see Subsubarticle
-7310).

While the rate of fluid loss in hydraulic restraints
is npt strictly a functional parameter, it is important
becquse hydraulic restraints will not function propetrly
without hydraulic fluid. An acceptable limit for thefluid
lossrate is important to the qualification of a restraint
and |therefore shall be considered in the Qualification
Spedification and subsequent testing.

QDR-4200 Mechanical Snubbers

Mechanical snubbers are restrajnts ised to mitigate the
effedts of a dynamic event. These-devices allow for rela-
tively unrestricted movement-at low velocities, typical
of thermal growth ratessThey control displacements,
velogities, or acceleration’levels by mechanical means.

DR-4210 Functional Parameters. The functional
pardgmeters of _snubbers are essential for the users to
desipn their(systems. These parameters are activation

(c) Breakaway can be determined using adogd cell to
measure the force required to initiate movempnt. True
breakaway can only be determined in gne direftion per
test sequence. In laboratory environments, thig test can
be performed with adequate controls, but this teest is not
intended to be performed as.any“part of an fnservice
operability testing program!

(d) Drag can be deterniined using a load cell to mea-
sure the force requiredteimove the restraint at f specific
velocity. Testing shall’be performed in both directions
through the manufacturer’s recommended operating
range.

(e) Dead-band can be determined by measfjiring the
distances traveled by the restraint before it acfivates in
opposite directions. The dead band can have p signifi-
canteffect on performance at all load levels. D¢ad band
should be measured with the associated loadir]g at sev-
eral levels, up to the rated load.

(f) Load rating may be determined by test orjanalysis,
in accordance with ASME BPVC Section III,
Subsection NF.

(g) Spring rate shall be determined dyngmically.
Additionally, a static spring rate may be detegmined if
required. The applied loads in tension and conjpression
divided by the recorded displacements in tension and
compression describe the spring rate, including dead
band. Methods of spring rate determination|shall be
identified in the Qualification Report (see Subsubarticle
QDR-7310).

(h) The effects on the above functional parameters
due to any form of lubricant used shall be consjdered in
the Qualification Specification and subsequen} testing.

QDR-4300 Gap Restraints

leve|, reléase rate, breakaway, drag, dead band, load Gap restraints are nonlinear devices. The restfaint pro-
ratinng,.and spring rate, as applicable to the individual ~ vides a gap, which can be set for the predicted thermal
maovements at the installed location. This gap W ill allow

design

(a) Activation of the restraint is triggered when the
design characteristic (a velocity or an acceleration)
reaches a predetermined value in either direction. The
activation level is determined by rapid application of a
single-direction load of increasing velocity. Only a small
fraction of the rated load is normally required to activate
arestraint. Some restraint designs may not have an active
triggering characteristic but instead rely on passive
inherent nonlinear response. In such cases, this test may
not be applicable.

39

free thermal expansion, or the device can be set so that
there is a compromise between thermal movement and
dynamic gap (i.e., some thermal movement is restrained
to lessen the amount of dynamic deflection allowed).
After the gap is closed, a force is generated when the
contact surfaces engage. When the dynamic movement
is reversed, the system or component moves back
through the gap until the gap closes in the opposite
direction. The opposite contact surfaces then engage,
and a force is generated.
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QDR-4310 Functional Parameters. The functional
parameters pertinent to gapped restraints are gap size,
spring rate, fatigue of springs, drag, and load rating.

(a) Gap size is typically dictated by the amount of
thermal movement (in the restraint’s axial direction)
experienced at the location where the restraint is to be
used. The intent is to allow free thermal movement while
still restricting dynamic movement. The amount of gap
is predicated on what the analysis indicates is appro-

load frequency. When a force is applied suddenly, visco-
elastic dampers control dynamic response.

QDR-4410 Functional Parameters. The functional
parameters of viscoelastic dampers are essential inputs
for the design of the piping systems or components that
are supported or restrained. These parameters are drag,
rated load, spring rate stiffness, damping resistance, and
allowable displacement, as applicable to the individual
ified

size—and—trpe—of yiseoelast amper-at-spee

priate afjd can be smaller or greater than the predicted
thermal movement. The gap size is the physical distance
the systgm or component will travel along the restraint
axis befgre movement is restricted.

(b) Ddflections will be imposed on the device as a
result of the transmission of static and/or dynamic
loads. Spring rate is typically determined by analysis
requirenjents. Spring rate in a gapped device is defined
by its chpracteristics after the gap is closed and loading
begins. Jpring rates may differ in tension and compres-
sion and shall be noted. Through testing, the manufac-
turer shdll establish the spring rates. Methods of spring
rate ddtermination shall be identified in the
Qualificgtion Report (see Subsubarticle QDR-7310). For
gap resffraints that have load-limiting capability, the
spring rate may change at a predetermined load.

(c) Arn] evaluation shall be made to determine fatigue
life of spfings used in the device. Testing and/or analyti-
cal evalyations can be used.

(d) Diag could be developed as the device moves
through[its gap. Drag can be determined using a load
cell to mjeasure the force required to move the restraint
at a spedific velocity. Testing shall be performed ifi both
directiofs through the manufacturer’s recommmended
operating range.

(e) Lopd rating may be determined by test or analysis,
in accdqrdance with ASME BPVC Section III,
Subsectipn NF.

QDR-4400 Viscoelastic Dampers

Viscodlastic restraints (¢ommonly referred to as visco-
elastic dgmpers) are useéd to control dynamic system
responsps. The basic-Characteristic of a viscoelastic
is its ability to develop a force-displacement/
relationship that will restrain, with no dead
vement from seismic and operational vibration

damper
velocity
band, m
frequendi 2 2 a
impulse loads Under steady-state or static forces, the
system or component supported by viscoelastic damp-
ers at operating temperatures will move within the travel
limits of the damper. The movement results in a resisting
drag force on the system or component equal to a small
percentage of the rated load capacity of the viscoelastic
damper. The stiffness and damping characteristics of a
viscoelastic damper are functions of the viscosity of the
viscoelastic liquid, which is dependent on the tempera-
ture of the liquid, the rate of applied loading, and the

40

ey P + +HHe—eaHR Pt -+

operating temperatures.

(a) Drag is determined by measuring(the fprce
required to move the damper piston at a specific velgcity.
Qualification testing shall be performed measuring hori-
zontal (transverse and longitudinal) and vertical drag
force.

(b) Rated load shall be detepmined by test and asaly-
sis in accordance with ASME BPVC Section| III,
Subsection NF requirements and cavitation load when
subjected to cyclic loading-as identified in a Qualificdtion
Report (see Subsubarticle QDR-7310) for each type and
size of damper.

(c) Spring rdte)stiffness shall be determined dynami-
cally as a function of frequency or velocity of the applied
load. The+applied loads divided by the recorded| dis-
placements describe the spring rate stiffness. Methods
of spring rate stiffness determination shall be identjified
ima"Qualification Report for each type and size of
damper.

(d) Damping resistance characteristics shall be dpter-
mined dynamically as a function of frequency or velpcity
of applied load. The method of damping resistpnce
determination shall be identified in a Qualificqtion
Report for each type and size of damper.

(e) The allowable displacement range of the dathper
is a parameter established for each type and size of
damper.

QDR-5000 QUALIFICATION SPECIFICATION

(a) The Owner shall provide a Qualification
Specification to define the required performance chgrac-
teristics. The performance characteristics shall indlude
the acceptable values and ranges of restraint functjonal
parameters and ant1c1pated env1r0nments Typlcal con-

Spec1f1cat10n shall be reconcﬂed with the De51gn Spe(:lfl—
cation in accordance with ASME BPVC Section III,
Subsection NF.

(b) A restraint design’s suitability to meet the require-
ments of the Qualification Specification for a specific
application 1is required to be documented
in an Application Report as described in
Subsubarticle QDR-7320.

(c) The Qualification Specification shall be certified
by one or more Registered Professional Engineers in
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accordance with the of

Subsubarticle QR-8610.

requirements

QDR-6000 QUALIFICATION PROGRAM
QDR-6100 General Requirements

Section QDR provides two basic methods for qualifi-
cation of a restraint. A restraint may be qualified by a

for design changes. Since the test program could result
in considerable usage of the restraints, tested units shall
be examined and appropriately refurbished prior to
actual service.

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

program of h:\ch'nror and qnn]ycic to become-a qn:]iﬁor‘]

pardnt restraint, or it may be qualified by an extension
of a qualification program that has been previously per-
fornped on a similar parent restraint.

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

(b) Subarticle QDR-6300 shall be used to provide
fundtional qualification of a wide range of candidate
restijaint sizes by extension of the parent restraint qualifi-
catign. This is accomplished through demonstration of
desipn similarity and analysis.

The procedure of Subarticle QDR-6300 is based on
the gpplication of a comprehensive analytical modeling
prodedure that shall be verified by the results of the
par¢nt restraint testing program. The program shall
shoy applicability to the selected candidate restraints.
Thigextension of qualification is based on the conditions
that|both the parent and candidate restraints use-the
samp design concept and that the rules of Subaiticle
QDR-6300 are fully satisfied. The use of Subarticle

with for the candidaterestraint.

QDR-6200 Parent Restraint Qualification

DR-6210 Approach to Qualification. The intent of

pargnt restraint qualification is to provide generic quali-

fication of a given restraint design. An Application

Repprt, as déscribed in Subsubarticle QDR-7320, is

reqired-fo-provide documentation that each of the pro-

ducjion testraints is qualified for a specific application.
I

anvgualification program thereis a concernthatthe
1 Ir O

these conditions.

QDR-6220 Testing. The Qualification Plan shall
specify the functional parameters andlenvir¢gnmental
variables to be measured. The functional pafameters
shall include those specified in‘Axticle QDR-4000. The
environmental variables shallinclude temperature,
humidity or steam-water,condition, special|thermal
transients, external pressure, and radiation, as| applica-
ble. The application ¢talow-amplitude, high-ffequency
vibration shall be ineluded as an environmenta| require-
ment. Testing shall include all loading conpditions
defined in tHe’ Qualification Specification.

The spring rate is a function of the load direction,
extension of restraint travel, and amplitude|and fre-
quencyof the dynamic loading, as well as envirgnmental
conditions. The spring rate is determined by syibjecting
the test unit to dynamic cyclic tests over an appropriate
frequency range. Test temperatures shall be iflentified
in the Design Specification and Qualification Report.

QDR-6221 Installation and Orientation. The parent
test restraint shall be supported by its normal mhounting
points to permit testing in accordance wilth para.
QDR-6222. The Qualification Plan shall specify the way
the restraint is to be mounted for testing.

If spherical bearings are used for connection,
ance between the inner bearing hole diamete] and the
diameter of the pin shall be specified by the|restraint
manufacturer. The connection of the restraipt is not
designed to transmit moments and must allow|for erec-
tion misalignment and inservice system or component
movement. There shall be no binding or interference
between the mating connection parts within the speci-
fied angular cone. The design of the connectjon shall
be such that movement of the system or component
attachment in the direction of the load is minimized in
the connection

the toler-

unit selected for testing is exceptional. Testing multiple
units, randomly selected if possible, may reduce this
concern. The Owner shall establish the number of units
required for satisfactory qualification. Testing of multi-
ple units provides increased confidence in repeatability
of the test results. Additional conservatism may be
added to the anticipated service requirements to give
further confidence in the component. If one or more
units fail to meet the requirements, an analysis to deter-
mine the reason for failure is required to provide data
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The program shall require that the restraint unit be
mounted in a manner that simulates its expected service
application. Alternatively, the test restraint may be
mounted in a conservative worst-case orientation, pro-
vided that a satisfactory justification for the worst-case
orientation decision is documented in the Qualification
Report.

The provisions of Subarticle QDR-6300 shall be used
to extend parent restraint qualification to various candi-
date restraint sizes. The parent restraint test program
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shall include measurement instrumentation as necessary
to satisfy all the requirements of that subarticle.

QDR-6222 Test and Monitoring Equipment. The
test shall be conducted and monitored using equipment
adequate for detecting changes in the variables. The
Qualification Plan shall specify the test and monitoring
equipment to be used for the qualification and describe
the accuracy within the anticipated range. The test and

test performed specifically to determine breakaway
drag. The force corresponding with the initiation of
movement shall be recorded.

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

(e) The dead band shall be recorded during the activa-

monitorpg-equipment-shall-be-calibrated-and-doet
mented [against auditable calibration standards. The  tion level testing described in Section QDR or dtrjng a
data-recprding equipment shall have sufficient speed, =~ Separate test performed specifically for determingtion
sensitivily, and capacity to permit measurement of the ~ Of dead band.
time degendence of each variable. (f) Where it is impracticable to perform multi¢ycle
. . dual-direction, faulted-load dynamic‘tésting, one-¢ycle
QDA ?6223 Test Seql{ence. Ql.lahﬁcatlon testing dynamic loading tests shall be pérformed subsequent
§hall be fin acc'ordance with Subarticle QDR_620_0 and to all other tests. The restraint ‘shall be tested at the
include|tests in paras. (a) through (f) below in the

describefl sequential order. Any deviations shall be justi-
fied in the Qualification Report. Additional testing may
be inserfed within this sequence as appropriate. The
testing gequence, except as noted in the previous sen-
tence, sHall be

(a) pretest examination

(b) pre-aging functional parameter testing

(c) aglng and service condition simulation

(d) infermediate examination without disassembly,
maintenfnce, or modifications

(e) popt-aging functional parameter testing

(f) post-test examination

Pretesf examination shall include, but is not limited te;,
a thorough dimensional verification of all components.
These dimensions shall be recorded for comparisofwith
the postjtest dimensional examination.

Interthediate examination shall consist of visual
examinafion for loose, broken, or corroded\components,
fittings, fasteners, etc. Signs of fluid loss should be noted,
where applicable. No activities that could repair or miti-
gate any| degradation shall be performed.

QPR-6223.1 Functional Parameter Testing for
Hydraulic Snubbers. _Testing for all parameters
describefl in Subarticle @DR-4100 shall be performed at
temperafures identified in the Design Specification and
Qualificgtion Report. Temperature shall be recorded at
the begihningsand end of each test. The tests shall be
performed with the restraint at the approximate
midstroke '’ iti ise
required.

(a) The activation level (where applicable) shall be
tested in each direction. The acceleration or velocity
shall be recorded as a function of time. The activation
level shall be determined from these data.

(b) The release rate shall be tested and recorded in
each direction at 5%, 10%, 25%, 50%, and 100% of rated
load and at the Service Level C load.

(c) The breakaway drag shall be determined at the
initiation of the drag test in each direction or during a
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approximate midstroke locatioirand at each end of the
manufacturer’s recommended operating range. A lJoad-
ing amplitude equal to the-Service Level D loading phall
be performed to demonstrate adequacy of the respgnse.
The force, displacement, and velocity (or acceleration,
as appropriate) shall be recorded. Any damage or ¢ther
anomalies shall be noted and evaluated to deterfnine
the effects of Service Level D loads on the operability
of the restraint.

(g Fhe spring rate shall be tested by a dynamic cyclic
loading equal to the rated load, or other load spedified
in the Design Specification. For dynamic testing afl less
than rated load, testing per subpara. (f) above shdll be
sufficient to provide for extrapolation combined
analysis to validate qualification at the rated load| The
peak displacement range, including the dead band, ghall
be obtained during the dynamic cyclic test through the
peak force range. The peak force range shall include|load
applied in opposite directions. Restraint displacefnent
shall be determined at the approximate Y-, %-,|and
Y4-stroke locations according to the requirements of the
Qualification Specification. The testing frequency phall
be as specified in the Design Specification |and
Qualification Report. Response at each frequency phall
be recorded as load—displacement traces. No extfeme
change in displacement should be observed from| one
frequency to the next, as this could indicate thaf the
fundamental frequency (natural frequency) resid¢s in
the specified range.

fied, but no further testing need be performed.
(1) Hydraulic fluid loss during the testing shall be
recorded.

QDR-6223.2 Functional Parameter Testing for
Mechanical Snubbers. Testing for all parameters
described in Subarticle QDR-4200 shall be performed at
temperatures identified in the Design Specification and
Qualification Report. Temperature shall be recorded at
the beginning and end of each test. The tests shall be
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performed with the restraint at the midstroke (% travel
range) position, unless otherwise required.

(a) The activation level (where applicable) shall be
tested in each direction. The acceleration or velocity
shall be recorded as a function of time. The activation
level shall be determined from these data.

(b) The release rate shall be tested and recorded in
each direction at 5%, 10%, 25%, 50%, and 100% of rated
load and at the Service Level C load.

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

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

QDR-6223.3 Functional Parameter Testing for
Gap Restraints. All parameters described in
Subarticle QDR-4300 shall be determined at the recorded
room temperature. The tests shall be performed with the

(c

The breakaway drag shall be determined at the lcbll.lo'lill;. atthe atjl.uu)\hflaltc uliu.'lo'uul\c (12 travel range)

ol > L . position, unless otherwise required.
initiption of the drag test in each direction or during a . . : .
(a) The gap is a parameter to be diménsionglly veri-

sepdrate test performed specifically for determination
of bpeakaway drag. The force corresponding with the
initiption of movement shall be recorded.

(d) The drag shall be determined in each direction.
The values of the drag and the velocity shall be recorded.
Drag shall be performed throughout the manufacturer’s
recommended 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 dpad band.

(f] Where it is impracticable to perform multicycle
dual-direction, faulted-load dynamic testing, one-cycle
dynpmic loading tests shall be performed subsequent
to aJl other tests. The restraint shall be tested at the
appfoximate midstroke location and at each end of the
marjufacturer’s recommended operating range. A load-
ing amplitude equal to the Service Level D loading shall
be performed to demonstrate adequacy of the\tesponse.
The|force, displacement, and velocity (or aceéleration,
as appropriate) shall be recorded. Any damlage or other
anofnalies shall be noted and evaluated to determine
the pffects of Service Level D loads on the operability
of the restraint.

(gp The spring rate shall be'tested by a dynamic cyclic
loading equal to the full ratédload, or other load speci-
fied|in the Design Specification. For dynamic testing at
less than rated load,.testing per subpara. (f) above shall
be syifficient to previde for extrapolation combined with
anallysis to validate qualification at the rated load. The
peak displacement range, including the dead band, shall
be optained\during the dynamic cyclic test through the
peal force range. The peak force range shall mclude load

(%)

shall be determined at the approximate /4 . /2 , and
¥-stroke locations according to the requirements of the
Qualification Specification. The testing frequency shall
be as specified in the Design Specification 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.
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fied, but no further testing need be performed.

(b) The spring rate shall be verified through testing
by a dynamic cyclic loading equalto the rated load (or
other specified load). No extreme change in fisplace-
ment should be observed fromone frequency tofthe next,
as this could indicate that'the fundamental ffequency
(natural frequency) résides in the range specified in the
Design Specificatioiyand Qualification Report|

(c) If fatigue life of springs is to be verified|
test, the spring’shall be exercised through its ent
ing range-for sufficient cycles to simulate the
or predicted design life exposure.

(A The drag shall be determined in each dlirection.
The value of the drag shall be recorded. Dragl shall be
performed throughout the entire range of trayel (gap)
to demonstrate drag characteristics.

(e) Aloading amplitude equal to the Servicq Level D
loading shall be performed to demonstrate addquacy of
the response. The force, displacement, and velogity shall
be recorded. Any damage or other anomalies| shall be
noted and evaluated to determine the effects df Service
Level D loads on the operability of the restraipt.

through
re work-
bxpected

QDR-6223.4 Functional Parameter Testing for
Viscoelastic Dampers. All parameters desdribed in
Subarticle QDR-4400 shall be defined for the|range of

temperatures wherein each type and size of vidcoelastic
damper is qualified to function as an active
Temperature shall be recorded at the beginning
of each required test.

(a) The viscosity of the viscoelastic liquid wi

restraint.
and end

VlSCOSlty Changes and functlon mstead as gap restraints.
The temperature at which this change in function occurs
shall be identified for each type and size of damper. The
Application Report shall identify if a separate qualifica-
tion of the device as a gap restraint shall be performed
to satisfy Section QDR requirements and documented
in the Qualification Report.

(b) Limits for the drag force associated with moving
the piston with rated load applied under a range of
specific applied velocities at various temperatures shall
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be established and documented. At a predetermined
temperature, the viscoelastic damper will act as a gap
restraint and shall be qualified according to existing
Section QDR requirements.

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

The testing frequency shall be as specified in the
Design Specification and Qualification Report.

QDR-6224.2 Service Condition. The
Qualification Plan shall specify the service condition
simulation (steam, humidity, temperature, wetted, etc.)
to which the restraint will be subjected. Vibration aging,
testing for operating basis earthquake (OBE) and safe
shutdown earthquake (SSE), and exposure to design-
basis events (DBE) such as a loss-of-coolant accident
(LOCA) or high-energy line break (HELB) environments,
as applicable, shall be considered. This shall correspond

Resist Cyclic Loads

tal rates of loading in the frequency range shall
be verified and documented as specified in the Design
Specificdtion and Qualification Report.

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

(c) Reptraint 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.

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

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

ined temperatuze\shall be verified and docu-
in accordance‘with gap restraint qualification

specify 2
the Quahflcatlon Spec1f1cat10n Agmg simulation equiv-
alent to full-service-life conditions shall be conducted.
These shall include sand and dust simulation and a salt
spray test if specified as an environmental condition in
the Qualification Specification.

The manufacturer shall specify the level of low-
amplitude, high-frequency vibration (axial and/or
transverse) that the restraint design can withstand with-
out adversely impacting the operating parameters of the
restraint.
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to the service conditions defined in the Qualificdtion
Specification.

QDR-6225 Special Tests. The Qualification [Plan
shall specify special tests for the restraint design if
required by the Qualification Specification. Test setup
and equipment used shall closely simulate the reqyired
condition so that feasibility can beillustrated and cprre-
lation between results can bée\eStablished.

QDR-6226 Material;Data Requirements. The fol-
lowing material data.shall be included to ensure that the
restraint is manufacttired according to the specificafion:

(a) data to_prove the adequacy of the basic material
selection. An‘éxample of this would be tests for compati-
bility 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 matgrial
performance.

(b) data on material and process traceability to dem-
onstrate that the material of the tested restraint angl the
materials designated in the manufacturing specificgtion
meet the same requirements as the material sele¢tion
justified in subpara. (a) above.

QDR-6227 Limits or Failure Definition. |The
dynamic restraint shall be considered to have failedl the
qualification testing requirements if any of the folloyving
occurs:

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

(b) failure to meet any of the functional param
durlng / after bemg subjected to the env1ronmental

bters
con-

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

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

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

(a) identification of the restraint tested

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

(c) analysis of the post-test restraint condition

(d) summary, conclusions, and recommendations

(e) approval signature and date

(f}-<

QDR-6310 General Requirements. Candidate

accgrdance with Subsubarticle QDR-7320 and referenc-
ing fhe appropriate parent restraint Qualification Report.

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

Tlhis subsubarticle is not intended to be a stand-alone

qualification-by-analysis technique. It contains guide-
linep for the functional qualification of a candidate
restjaint based on the extension of parent restraint quali-
ﬁcaﬂion by analysis. The analysis techniques and proce-
durgs shall have been validated through correlation of
anallytical predictions with the parent test results. As
such, qualification of a candidate restraint_by
Subgrticle QDR-6300 cannot be broader in scope~than
that|for the parent restraint, tested in accordance with
the fequirements of Subarticle QDR-6200.
The procedure is based on a high degrée of similarity
between the candidate and parent restrdints. Where suf-
ficignt design similarity exists (ift-accordance with
Subgubarticle QDR-6320), qualification of the candidate
restfaint can be demonstrated.by-a test-verified analysis
pro¢edure designed to ensure that the mechanical
stremgth, rigidity, and efitical design tolerances of the
candidate restraint compare favorably with the qualified
pargnt restraint. Whete inadequate design similarity
occyrs, the analysis procedure must be supplemented
with additional analytical evaluations or tests.

In{ order ‘to“provide reasonable validation, the test-
verifiedCamalysis procedure is based on comparison of
anallytical predictions with two or more parent restraints

applicability of the analysis procedure to these parame-
ters. The establishment of certain design similarity crite-
ria will also provide qualification assurance for those
parameters that are difficult to address in an analysis
procedure.

QDR-6322 Similarity Requirements. For qualifica-
tion of a candidate restraint by the test-verified analysis
methods, the requirements for design similarity and

: i i Hne applicable,
but not be limited to, those parameters addfessed in
Mandatory Appendix QDR-I.

QDR-6330 Analysis Procedure

QDR-6331 Selection and Doecumentation
(a) The extension of qualification by test
analysis requires selection, of an appropriate|analysis
procedure. Analysis procédisre, as used herein, i$ defined
as any combination ¢f-algorithms, finite element analy-
ses, or other approptiate analytical techniqueg.
(b) The analysis procedure shall be documented in
the Qualification Report.

verified

QDR:6332 Procedure Requirements
(a) Where not verified by test, a detailed gnalytical
model'shall be prepared to address each item|listed in
subpara. (b) below. The model can range in complexity
from a simple handbook formula to an elaborpte finite
element analysis algorithm or even a specified gnalytical
procedure composed of various combinations of analyti-
cal forms. The same analytical models shall b¢ capable
of analyzing all similar restraints to be qualified without
alterations or arbitrary adjustment of constgnts. The
models, once established and verified, must b¢ consist-
ently applied to all restraints to be analyzed. All finite
element analysis models shall maintain consigtency in
the application of elements, the element types| and the
boundary conditions at all interfaces for al| similar
restraints that are analyzed.
(b) The analysis shall be sufficiently def

include, but not be limited to, the following:

(1) stresses and deflection data for all critig
in the restraint based on the maximum s
dynamic loading

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

ailed to

al points
pecified

function
y of the

as established in Subsubarticle QDR-6340.
QDR-6320 Design Similarity

QDR-6321 Allowance for Differences. Any analysis
must make allowances for differences in dimensions,
performance characteristics, working fluid, orientation,
and other parameters. In order to address these allow-
ances, the test-verified analysis procedure shall be based
on the similarity between the parent and candidate
restraints. The similarity must be sufficient to justify the

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

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

(5) fatigue of the restraint as applicable

(6) fundamental resonant frequency of the restraint

(7) rigidity of the mounting brackets used to attach
accessories to the restraint

45
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(8) other functional parameters as designated in
Article QDR-4000

QDR-6340 Analysis Procedure Verification

QDR-6341 Verification Methods
(a) Verification of the analytical procedure shall be
accomplished through correlation of the analytical
results with data obtained from testing.
(b) Verification methods may take any combination

(b) Materials. Differences in materials of restraint
components need to be accounted for. Material differ-
ences are acceptable provided that

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

(2) due consideration is given to functional per-
formance capabilities of materials and combinations of
materials

(c) Dimensions/Tolerances. Physical dimensions and

of the fdllowing forms:

(1) tests conducted on parent restraints performed
in accorflance with Subarticle QDR-6200. The parent
restraintftest program shall include additional measure-
testing as necessary to satisfy the requirements
icle QDR-6300.
upplemental tests performed outside the scope
rent restraint test program but that address
ortions of the overall analysis procedure, e.g.,
ormed by the manufacturer to verify restraint
Iculations, dead band calculations, restraint
y force calculations, etc. The restraint supplier
shall demonstrate applicability of these tests to the
restraintp being qualified.

(3) peference to standard textbook calculation pro-
cedures fhat have been extensively verified, are widely
used, anfl are accepted throughout the industry without
recourse| to further verification tests.

QDR-6400 Extension of Qualification

410 Applicability of Qualification Extension:
that the allowable stresses predicted by:the

The quallification ahalysis procedure may be applied,
without|further(verification by testing, to candidate
restraint[sizes and ratings that meet the design similarity
requirenents”listed below. Design similarity must be
establisHed(based on the lack of potential effect on per-

tolerances of applicable candidate restraint parts phall
be considered.

(d) Surface Finish. Surface finishes of applicable
didate restraint parts shall be considered w
applicable.

(e) Fabrication/Assembly Method\"Fabrication
assembly method (e.g., welding; bolting) sha
considered.

(f) Coatings/Plating. Coatings and plating of appjlica-
ble candidate restraint parts shall be considered wthere
applicable.

(g) Production [Testing. Methods used in produ
testing duringmanufacturing shall be considered.

can-
nere

and
1 be

tion

QDR-7000, DOCUMENTATION REQUIREMENTS
QDR-7100 Scope

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

(a) A Qualification Plan, as described in Subafticle
QDR-7200, is required to translate the Qualificdtion
Specification into a step-by-step method of the qualifica-
tion process.

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

(c) An Application Report, as described in
Subsubarticle QDR-7320, is required to document quali-
fication of a particular candidate restraint for a spgcific
application.

QDR-7200 Qualification Plan

formance with regard to all functional parameters (e.g.,
activation, release rate, drag force, dead band, and
spring rate). Environmental conditions identified in the
Qualification Specification must be considered. The fol-
lowing specific parameters shall be considered in estab-
lishing similarity of design:

(a) Design/Configuration. Applicable candidate
restraint parts shall be similar in design and configura-
tion, the principal difference being overall size and/or
weight.
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The Qualification Plan (which may be part of the
Qualification Report) shall be prepared with appropriate
examination and test record forms. The Plan shall define
test objectives, test instrumentation, conditions of the
test, orientation, permissible maintenance or adjust-
ments, and acceptance criteria. In addition, the Plan shall
define specific analytical techniques and acceptance cri-
teria to be used for the extension of parent restraint
qualification to candidate restraints wusing
Subarticle QDR-6300.
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QDR-7300 Reports

QDR-7310 Qualification Report

(a) A Qualification Report shall be prepared for each
parent restraint qualified in accordance with this
Standard. This Qualification Report shall provide com-
plete identification of the restraint by type, size, rating,
and other data as approprrate, 1nclud1ng the
Quagk atar
The Quahfrcatron Report shall also contain a summary
of the methodologies used and the parameters estab-
lish¢d by the functional qualification testing and analy-
sis. [Any specific limitations that restrict qualification
shal] be stated.

(b) Where prequalified parts of the restraint are used
in the restraint qualification, the Qualification Report
shal] reference the report(s) on which such prequalifica-
tion|is based. In addition, it must be shown that the
motnting and integration of any prequalified part do
not ¢legrade or otherwise interfere with the prequalifica-
tion|of the part.

(¢} Each Qualification Report shall be certified by one
or nore Registered Professional Engineers in accordance
with the requirements of Subsubarticle QR-8620.

QDR-7320 Application Report

(a) An Application Report is required to demonstrate
the puitability of any candidate restraint to meet-the
reqiirements of a specific application. An Application
Repprt is required for each serial-numberedtestraint;
however, restraints that have identical constrirction and
servjce conditions, differing only in seriahand tag num-
bersf may be combined into one Application Report.

(b) The intent of an Application Report is to provide
doctimentation for a specific application. If the applica-
tion|for a candidate restraint does not differ from the
pargnt restraint, the Application Report for the parent
restfaint may be usedifer the candidate restraint. The
Quallification Specifications, Qualification Reports, and
oth¢r design dogumentation in accordance with
ASNIE BPVCsSection III can be used to satisfy the
reqiirements{in subpara. (f) below.

(c) Candidate restraints that are identical in construc-
tion|toa parent restraint may be qualified simply by

how each of the specific application requirements of the
Qualification Specification is appropriately addressed
by the parent restraint report or other tests and analysis.

(d) Qualification of a candidate restraint is based on
the individual test conditions for a parent restraint and
the guidance for extension of qualification to candidate
restraints given in Subarticle QDR-6300. It is the objec-
tive of the Apphcatlon Report to verify that the candi-

that it qualifies for the operating conditions ghown in
the Qualification Report. This may be aceomplished by
direct comparison with an identical parent regtraint or
by supplementary analysis and/or testing. Any supple-
mentary analysis and/or testing$hall conform to the
requirements of Subarticle QDR=6300 and show that the
qualification of a given parent restraint congtitutes a
valid basis for conclusion<that the design of the candi-
date restraint is of at-least an equivalent adequacy for
its intended function.

(e) When prequalified parts of the restraint age used in
the restraint<ualification, the Application Report shall
reference-the report(s) on which such prequalification
is based. In addition, it shall be shown that the hounting
andcintegration of any prequalified part do nofdegrade
or-otherwise interfere with the prequalificatign of the
part.

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

(1) serial number, tag number, or othef unique
identification of the candidate restraint.

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

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

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

is based.
(5) examination reports for both the parentland can-

didate restraints.

(6) all test results and analyses used to show that
the candidate restraint satisfies the require1nents of
Subarticle QDR-6300.

preparing an Application Report and reterencing the
appropriate parent restraint Qualification Report.
Candidate restraints that are not identical in construc-
tion to a parent restraint may have qualification
extended to them through appropriate analysis and/or
testing as outlined in Article QDR-6000. In addition,
the Application Report shall reference the appropriate
parent restraint Qualification Report and further show

47

(7) reference to the Qualification Reports for all pre-
qualified parts used per subpara. (e) above.

limitations that restrict

(8) any
qualification.

specific

(g) Each Application Report shall be certified by one
or more Registered Professional Engineers in accordance
with the requirements of Subsubarticle QR-8630.
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Mandatory Appendix QDR-I
Qualification Specification for Dynamic Restraints

QDR-I-1000 SCOPE

(d) functional pnrnmofnrc (see Subarticle ﬂhP_T_E4()0)

This [Appendix provides requirements for a
Qualifichtion Specification for dynamic restraints for
applications in systems important to the safety of
nuclear ffacilities. The requirements of this Appendix
take precedence when they conflict with the require-
ments of Article QR-6000.

QDR-1-2p00 PURPOSE

The (Qualification Specification provides details of
functionpl requirements applicable to restraints for com-
ponents ond systems. Requirements for the Qualification
Specificdtion may be provided as part of the Owner’s
Design Jpecification or by the restraint manufacturer. If
this Quplification Specification is prepared by the
restrainf manufacturer, it shall be approved by the
Owner. Compliance with these requirements for the
Qualificgtion Specification is intended to ensure that
the operpting conditions and functions of the restraint
have bepn adequately defined. This will permit the
restraint{manufacturer to demonstrate the adequacy<of
both the|design of the restraint and the materials-tused
in its cofstruction for the intended service.

QDR-1-3p00 REFERENCES

Refergnces are as listed in Article QR-3000. Additional
referencgs may be identified by the Owner.

QDR-1-4000 DEFINITIONS

Definitions are as listed in Articles QDR-3000 and
QR-40000 Additional. definitions may be identified by
the Owrjer.

QDR-1-5p00-" QUALIFICATION SPECIFICATION

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

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

(¢) maintenance, examination, and testing reqfire-
ments (see Subarticle QDR-I-5700)

(h) special performance requirements (see Subafticle
QDR-1-5800)

(see

QDR-I1-5100 Application-Characteristics

The application chiaracteristics of each restraint phall
be identified bydisting whichever of the following
descriptive tesms is appropriate:

(a) seismic restraint

(b) dynamic force restraint

(c)_vibration restraint

(d)» pipe whip restraint

{e) relief valve restraint

(f) others, including combinations of the above

QDR-1-5200 Design Requirements

The following information shall be specified:

(a) design temperature range

(b) time-temperature data for design thermal
sients with the number of cycles indicated

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

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

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

(f) limits on acceptable angular offset from the

of load action
L)

ran-

line

CONTENTS

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

(a) application characteristics (see Subarticle
QDR-1-5100)

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

(c) operational requirements (see Subarticle
QDR-I-5300)
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£l 1: 1N
&7 oS as—apprcaoic

QDR-I-5300 Operational Requirements

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

QDR-I-5310 Operating Conditions. The number of
operational cycles, the imposed loading or movement,
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and the environment for each of the following opera-
tional categories shall include

(a) installation testing

(b) system testing

(c) preoperational testing

(d) start-up testing

(e) normal and abnormal facility operations

(f) inservice testing
(g) vibration

(3) acceptable limits for the breakaway force at
temperatures

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

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

(6) load ratings for all service levels

(7) acceptable range of spring rates at tempera-
tures, frequencies, load ranges, and load classifications

() others, as applicable

DR-I-5320 Environmental Conditions. The need for
restfaints to perform within normal and abnormal envi-
ronental conditions, with or without maintenance,
shal| be stated. Since the attaching hardware can influ-
encq the performance of the restraint, it shall also be
congidered. The operating environment for all service
levels must be considered and shall include

(a) chemistry
(b} temperature
(c) pressure
(d) humidity
(e} radioactivity
(f] others, as applicable

QDR-I-5400 Functional Parameters

Tle functional parameters as listed in Section QDR
shall be specified and include the following as @
minfmum:

(a) Hydraulic Snubbers
(1) activation level (when applicable) atdoads, tol-
erances, and temperatures
(2) release rate at 5%, 10%, 25%, 50%, and 100% of
l load and at Service Level C load at tolerances and
peratures
(3) acceptable limits for thé breakaway force at
beratures
(4) acceptable limits-fer drag force associated with
movfing at velocities airdvtemperatures
(5) acceptable(limits for the dead band at loads,
restaint locations, Jand temperatures
(6) loadsratings for all service levels
(7) acceptable range of spring rates at tempera-
turep, frequiencies, load ranges, and load classifications
at which the spring rate is to be determined with

rate
tem

tem

at which the spring rate is to be determined with
restraint locations at %-, %-, and ¥%-stroke localtions

(8) availability of full design stroke

(9) lubrication degradation that can aff
parameters

(c) Gap Devices

(1) acceptable limits for the drag force

(2) inclusion of th€, range of availaple gap
adjustment

(3) acceptablerange of spring rates at loa
tolerances, and load classifications

(4) acceptable number of cycles for sprin
testing

(5) load ratings for all service levels

(d) Viscoelastic Dampers

(I) acceptable limits for the drag force

(2) load ratings for all service levels

(3) acceptable range of spring rates at positions,
temperatures, frequencies, load ranges, and loagl classifi-
cations at which the spring rate is to be determined

(4) damping resistance characteristics

(5) allowable displacement range

bct other

l ranges,

b fatigue

QDR-I-5500 Special Material Requirements

Special material requirements of the restrair
be specified. Items to be considered shall inc
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
of the restraint

t should
ude, but

function

QDR-I-5600 Installation and Orientation

restraint locations at 7-, /-, and 7-stroke locations

(8) availability of full design stroke

(9) fluid level sufficient to maintain acceptable
operation of the device

(b) Mechanical Snubbers

(1) activation level (when applicable) at loads, tol-
erances, and temperatures

(2) release rate (when applicable) at 5%, 10%, 25%,
50%, and 100% of rated load and at Service Level C load
at tolerances and temperatures

49

Requirements

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

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

(b) orientation of the mechanical restraints installa-
tion 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 of the conservative worst-case
installation, if such an installation exists, as identified
in para. QDR-6221 shall be given

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

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

QDR-I-5 00—Maintenance,Examination;-and-Testing
Requirements
The f¢llowing requirements for inservice mainte-

nance, ¢xamination, and testing activities shall be
specified:

(a) Prvision for restraint maintenance, examinations,
and testjng shall be specified.

(b) Special provisions for in situ restraint mainte-
nance, ekaminations, and testing shall be specified, if
required

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

as identified in the Design Specification.

QDR-I-5800 Special Performance Requirements

Other requirements for special performance or lpad-
ing conditions, as applicable, shall bépecified.

QDR-1-6000 FILING REQUIREMENTS

filed
able
over

A copy of the Qualification Specification shall be
at the location of thenstallation and shall be avai
to the enforcement authorities having jurisdiction
the facility installation.
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Nonmandatory Appendix QDR-A
Restraint Similarity

SCOPE

have the same cross-sec tion thickness. Tolerances for

desipn similarity may be established, in terms of specific
simiflarity parameters defined in Subsubarticle QR-7340.

QDR-A-2000 EXAMPLES OF DESIGN SIMILARITY

Examples of design similarity in terms of specific
pardmeters are listed below. These are limited, selected
exaipples and are not intended to be all inclusive. It
should be noted, however, that all similarity parameters
defihed in Subsubarticle QDR-6420 must be considered
when determining the acceptability of applying a quali-
ficatiion analysis procedure without further verification
by tpsting.

QDR-A-2100 Similarity of Design Configuration

With hydraulic snubbers, activation level andsrelease
may be defined in terms of flow rate and\pressure.
hydraulic snubbers that use the same-control valve
similar configuration, the effect of temperature on
thesp parameters should be determined by extrapolation
imterpolation of data obtained/by-testing one snub-

R-A-2200 Similarity of-Materials

ear or aging data‘obtained by testing a selected

lelC size should be apphed to other O- rmg sizes that
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mating parts should be the same, or thedi
should be justified.

QDR-A-2400 Similarity of Surface Finish

Wear or aging data obtained by‘tésting restr
given model should be appliedite other models
that surface finishes betweetr mating parts f
relative motion exists aréxepresentative of the
to which the data aréto be applied.

QDR-A-2500 Similarity of Fabrication/Assem
Method

Life-cyclestest data (e.g., data obtained frg
loading, or vibration tests) obtained by testing
resttaint model should be applied to other moq
vided that both models were fabricated and as
in' the same or a similar manner. Applicatior
obtained using a model that is assembled by
to a model that is assembled by bolting would
not be acceptable.

QDR-A-2600 Similarity of Coatings/Plating

Corrosion resistance data obtained by t
selected restraint model should be applied to ot
els or sizes provided that the same or similar p
coatings are used.

QDR-A-2700 Similarity of Production Testing

Production tests for some snubber mod
involve quasi-static testing in which activation
ters such as activation level, release rate, or acd
threshold are measured. For other restraint
dynamic testing methods may be used for pr
tests. Qualification testing, on the other hand,
involves dynamic testmg Slmllarlty of produ

erences

hints of a
brovided
r which
estraints

bly

m cyclic
h specific
lels, pro-
sembled
of data
welding
hormally

esting a
her mod-
lating or

els may
parame-
eleration
models,
bduction
renerally
tion test

o qrualifica-

tion test data from one restraint model to another.

@an
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Nonmandatory Appendix QDR-B
Typical Values of Restraint Functional Parameters

() ang]znumv /r‘]rng is the force ror‘nnror*] to-initiate

This Appendix is provided to aid both the restraint
designer] and the specification writer. It can be used as
an example of how to specify the functional parameters
required|by Mandatory Appendix QDR-I. The selection
of applifable parameters and values, either the ones
identifiefl herein or others specified as required, is at
the opti¢n of the Owner.

exceed .04 in. when measured across the snubber,
excludinlg end fittings

(f) load rating, see subpara. QDR-4110(f)

(g) sgring rate is the peak-to-peakidisplacement
under lopd, excluding end attachments, and should not
exceed (112 in. when the input frequency is in the 3 Hz
to 33 HZ range

(h) th¢ stroke should berable to accommodate the
thermal [and dynamic moveéments plus an additional
1 in. of fravel on each’end (inclusive of installation

and maintain ax1al movement of mecharucal snubbers
and is typically restricted to less than 2% or-8% of the
rated load.
(d) Drag for less than 1 kip rated load,"5% max|; for
1 kip and above, 3% max.
(e) Dead band (lost motion) generally should not
exceed 0.04 in. when measured-across the snubber,
excluding end fittings.
(f) For load rating, see’subpara. QDR-4210(f).
(g) Spring rate is the-peak-to-peak displacethent
under load, excludingend attachments, and should not
exceed 0.12 in. when the input frequency is in the p Hz
to 33 Hz rangg.
(h) The stréke should be able to accommodatg the
thermal, and" dynamic movements plus an additjonal
1 in. of travel on each end (inclusive of installdtion
tolerances).
(i) Any lubrication degradation should not affect
other parameters such as drag.

QDR-B-2300 Gap Restraints

(a) Gap (see para. QDR-6223).
(b) Spring rate tolerances should be kept to +2(% if
no specific value is given from the analysis of the piping
system.
(c) Fatigue life of springs should be greater than the
service life of the component.
(d) Drag developed should be a maximum of 2Jo of
rated load of the device.
(e) Load ratings are the minimum load that the d¢vice
will restrain under the given loading condition. How-
ever, for a load-limiting device, the load rating is a maxi-
mum load, and the device should be within 10% of the
rated load.

QDR-B-2400 Viscoelastic Dampers

nubbers

Typical values for mechanical snubber functional
parameters are as follows:

(a) Activation level: acceleration-limiting snubbers
are generally designed to a maximum value of 0.02g.

(b) Release rate for a snubber that does not have an
active/passive mode should be within 25% of the theo-
retical performance curves (unless specifically designed,
neither acceleration- nor velocity-limiting snubbers
should have a release rate of zero).
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(a) The spring rate of the damper for rated load appli-
cation at representative impact or impulse loading rates.

(b) The resultant damper spring rate and damping at
68°F (20°C) and 122°F (50°C).

(c) Damper functional characteristics at accident tem-
perature 350°F (177°C) should be in accordance with
gap restraint qualification procedures.

(d) 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
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incremental rates of loading in the range specified in
the Qualification Specification.

(e) Restraint spring rate curves for different levels of
rated load with a cyclic rate of loading through the
Qualification Specification range for the load applied as
a sine beat wave.

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

temperature, the viscoelastic damper will act as a gap
restraint and should be qualified according to existing
Section QDR requirements.

(i) Load ratings for applicable ASME Code Service
Levels for active dampers’ axes should be defined.

QDR-B-3000 AGING AND SERVICE CONDITION
SIMULATION QUALIFICATION

DROCRAM

(g Damping resistance characteristics for cyclic load,
sizel, and temperature as required for stiffness
evalhiation.

(h) Limits for the drag force associated with moving
the piston with rated load applied under a range of
spedific applied velocities at 122°F (50°C) and at start-
up tpmperature of 68°F (20°C). At design-basis accident

T WO UNMI

The qualification program should specify|a steam
humidity simulation of 350°F (177°C)saturat¢d steam
for 72 hr if the restraint service area is\inside the contain-
ment. It should specify submergerice in 2009F (93°C)
water for 72 hr if the restraint 'sérvice is in|a water

environment.
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Section QP
Qualification of Active Pump Assemblies

QP-1000_SCOPE

API 611 Steam Turbines for General Paﬁnpr} Service,

Sectiop QP contains the qualification requirements
and guiflelines for active pump assemblies that are
required| to perform a nuclear safety-related function in
nuclear facilities (active pumps) or, alternatively, have
been shqwn to be risk significant based on an approved
risk signfficance categorization process. Pump assembly
items m4y be qualified as part of a single pump assembly
or may He qualified separately, provided their combina-
tion intofa single unit is addressed. It is the responsibility
of the Qwner to specify those pump assemblies that
require Iualification to this Section.

Pumplassemblies and pump assembly items qualified
in accordlance with this Section shall meet the require-
ments ¢f Section QR. When the requirements of
Section QP conflict with the requirements of Section QR,
the requfrements of Section QP take precedence.

Sectioh QP is applicable to all pump types. Specifi-
cally, pumps that operate on velocity or displacement
principlgs, regardless of the arrangement, are included.
Shaft-sealing systems, drivers, power transmission
devices, [and auxiliary equipment are included. Section
QP doe§ not apply to electrical equipment, such-as
motors, nstruments, and control devices. Qualification
of the motor driver mechanical effects on the pump
assembly is included in Section QP.

QP-2000 PURPOSE

Itis the purpose of Section QP-to provide requirements
for the gpalification of pumps/ This includes the qualifi-
cation of mechanical drives, such as turbines, as well as
the interfacing effect$ of the motor driver.

QP-3000 REFERENCES

The fdllowing references are in addition to references

March 2008, 5th Edition
API 682, Shaft Sealing Systems for Centrifugal
Rotary Pumps, May 2014, 4th Edition
Publisher: American Petroleum Institute (API),
L Street, NW, Washingtern,
(http:/ /www.api.org)

ASME B73.1, Specification fot/Horizontal End Su
Centrifugal Pumps for Chemical Process
ASME B73.2, Specification for Vertical In-
Centrifugal Pumpsifor Chemical Process
ASME OM Codg, Operations and Maintenande of
Nuclear Power Plants
ASME PTC 82 /Performance Test Codes—Centriflugal
Pumps

and

1220
DC 2005

tion

ine

Publisher: The American Society of Mecharical
Engineers (ASME), Two Park Avenue, New York,
NY¥ 10016-5990 (http://www.asme.org)

JEEE Std 323, Standard for Qualifying Clas$ 1E
Equipment for Nuclear Power Generating Statidns
IEEE Std 344, Recommended Practice for Seigmic

Qualification of Class 1E Equipment for Nudlear
Power Generating Stations
IEEE Std 382, Standard for Qualification of Safety-
Related Actuators for Nuclear Power Generdting
Stations

Publisher: Institute of Electrical and Electronics
Engineers (IEEE), 445 Hoes Lane, Piscataway, NJ 08854
(http:/ /www.ieee.org)

SM 23, Steam Turbines for Mechanical Drive Serv

Publisher: National Electrical Manufacturers
Association (NEMA), 1300 North 17th Street, $uite
900, Arlington, VA 22209 (http://www.nema.org)

STLE SP-1, Glossary of Seal Terms, March 1995
STLE SP-30, Guidelines for Meeting Emission Regula-

ce

contained in Article QR-3000:

ANSI/HI 1.1-1.5, Centrifugal Pumps

ANSI/HI 1.6, Centrifugal Pump Tests

ANSI/HI 9.1-9.5, Pumps—General Guidelines

Publisher: Hydraulic Institute (HI), 6 Campus Drive,
Parsippany, NJ 07054-4406 (http://www.pumps.org)

API 610/1SO 13709, Centrifugal Pumps for Petroleum,
Heavy Duty Chemicals, and Gas Industry Services,
September 2010, 11th Edition
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tions for Rotating Machinery with Mechanical Seals,
April 1994

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

QP-4000 DEFINITIONS

The following definitions apply specifically to pump
assemblies and supplement the definitions listed in
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Section QR. Other definitions pertinent to pumps are
contained in Mandatory Appendix QP-I. When there
are conflicting definitions between Sections QR and QP,
the definitions in Section QP take precedence with
regard to the application of Section QP.

auxiliary equipment: items necessary to support the oper-
ation of the pump, shaft-seal system, driver, or power
transmission device, including any appurtenances as
defined in ASME Boiler and Pressure Vessel Code

items are contained in Articles QP-6000 through
QP-8000. A specification for the pump(s) that are to be
qualified is required per Mandatory Appendix QP-I.

QP-6000 QUALIFICATION SPECIFICATION
QP-6100 Responsibility

It is the responsibility of the Owner or the Owner’s

(BPYC) Section III, NCA-1260.

best ¢fficiency point: the hydraulic flow at which the pump
assembly achieves its highest efficiency, i.e., the reference
poirjt for which the specific speed is calculated for simili-
tudq comparisons.

onent coolant: a fluid used as a heat removal medium
separated from the process fluid by a barrier.

comy
and

injedtion fluid: a fluid injected into the seal area at a
presgure higher than the process fluid to lubricate and
coolf the seal and, in some instances, to prevent leakage
of pfocess fluid along the shaft.

motdr driver: a class of machines that convert electrical
energy into rotary motion.

opergting point(s): any hydraulic point at which the pump
is epected to operate, under the various operating con-
ditigns of the facility. Multiple operating points may
be gpecified for a pump within the flow range from
minimum flow to the maximum runout condition.

powgr transmission device: an item that transmits the
rotafy motion from the turbine or motor driver'to the
punjp.

procgss fluid: the fluid pumped.

pump: the basic component of the pump’ assembly that
tranpfers the process fluid.

pump assembly: the pump and grouping of items needed
to efisure the operation of the jpump.

shaff
age
This
shaft-seal systepisia’ system of shaft seals and directly
associated appurtenances as required that limits the pro-
cess| fluidvleakage to the atmosphere or low-pressure
systems-and collects and directs the leakage.

seal: a device designied-to prevent or limit the leak-
of fluid between.tw0 surfaces of relative motion.
includes mechanical end face seals and packing.

designee to dentify the functional requitements for a
pump assembly. These requirements shall,be. provided
in a Qualification Specification prepared in acfordance
with Mandatory Appendix QP-L

The manufacturer has the option to qualify the pump
assembly for more stringent pafameéters than provided
in the Qualification Specification, but shall enpure that
the parameters to which thte pump assembly is fualified
envelop those in the Qualification Specification.

The Qualification Specification shall be cettified by
one or more Registered Professional Engineers|in accor-
dance with the requirements of Subsubarticle {JR-8610.

QP-6200._Equipment Description and Bound

TheQualification Specification shall identjfy those
items)that are part of the pump assembly. The
Qualification Specification shall also define the inter-
faces between the pump assembly and externgl attach-
ments and supports. When pump assembly items are
qualified separately, the Qualification Specification shall
also define interfaces between the pump anfl driver,
shaft-seal system, power transmission device, ahd auxil-
iary equipment.

QP-6210 Pump Assembly/Pump. The pu
bly includes the pump and its shaft-seal syste
transmission device, and auxiliary equipment

The pump pressure boundary is defined i
BPVC Section III. The pump includes items that

(a) contain the process fluid, such as the dasing or
barrel, including nozzles, thermal barrier, andl closure
members

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

(c) are an integral part of the pump, such as the dif-
fuser or bowl, including the pump shaft, pump pearings,
and bearing supports

(d) are auxiliary equipment

t b b 4 1 £ Jos N} n b
uronte=rrtvet—a—crassormacnmmes—tnatconverte CITCLEY

in a fluid stream to rotary motion.

QP-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophy per-
taining 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
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QP-6220 Shaft-Seal System. The shaft-seal system
includes the seal assembly, seal system piping, seal water
cooling, filtering devices, and auxiliary equipment.

QP-6230 Turbine Driver. The turbine driver includes
the casing, shaft, blades, wheel, jets, governor, stop
valves, shaft seals, bearings, and auxiliary equipment.

QP-6240 Power Transmission Device. Power trans-
mission devices include shaft couplings, belt drives,
fluid drives, gear drives, and auxiliary equipment.


https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

ASME QME-1-2017

QP-6250 Auxiliary Equipment. Examples of auxil-
iary equipment are cooling water systems, lubricating
systems, control valves, instrumentation, and external
supports, which are supplied as part of the pump
assembly.

QP-6260 Pump Stand. The pump stand is the sup-
port structure for the pump assembly, driver (electric or
turbine), and power transmission device.

production pump assemblies is qualified for the applica-
tion specified in the Qualification Specification required
by Article QP-6000.

The qualification program, as described in the
Qualification Plan, shall account for dimensional varia-
tions of critical clearances of essential-to-function parts.

Any analytical techniques applied in the qualification
of pump assemblies require verification to ensure that
the analysis techniques are valid for the variations of

QP-630Q Margins

The rdquired margin for acceptance criteria listed in
Mandatgry Appendix QP-I shall be specified.

QP-6400Q Aging

The effects of the identified aging mechanisms shall
be assesded and shown to be acceptable during the quali-
fication process. Nonmandatory Appendix QR-B pro-
vides spipplementary details associated with the
qualification of nonmetallic parts.

QP-650

The rdquired acceptance criteria shall be specified in
accordance with the requirements of subpara.
QR-6000(h) and Mandatory Appendix QP-1.

Acceptance Criteria

QP-7000 QUALIFICATION PROGRAM

QP-7100 General Requirements

A Qugdlification Plan shall be prepared to translate the
Qualificgtion Specification into a step-by-step qualifica-
tion program. The Qualification Plan shall also clearly
describe|how to demonstrate that the pump assembly
will perform its safety function under all operating con-
ditions iflentified in the Qualification Spetification over
the full range of operating conditions fromnormal oper-
ation up| to and including design-basis“accident condi-
tions with specified fluid conditions. The range of
operating conditions shall be(clearly described in the
specification.

NOTE: If the full range of gperating conditions [such as tempera-
ture, presgure, flow rate/and net positive suction head (NPSH)]
cannot belachieved in the*test facility, then the Qualification Plan
shall proyide justification that the test conditions demonstrate

qualificatipn of the,ptimp assembly to perform its intended func-
tion over the fullytange of operating conditions.

Indivi“]HQI items that form the pnmp nccam}'\]y’ as

the design being qualified. This qualification program
shall demonstrate that the performance of pumip, asgem-
blies, predicted by these analytical techniques,is appli-
cable to all allowable variations of the pump’cleargnces
being qualified for the flow conditions,specified by the
pump Qualification Specification. The.qualification[pro-
gram shall demonstrate that the(design-limiting allow-
able variation in the critical clearances between essential-
to-function parts during the.manufacturing phase phall
not render a pump assémbly incapable of consiftent
performance for those conditions for which the ppmp
assembly is to be qualified.

Section QP provides for qualification of a ppmp
assembly by.a)combination of testing and analysis| (see
Subsubarticles QR-7310 and QR-7320). The functjonal
qualification of a qualified pump assembly maly be
extended to another pump assembly through linjited
testing and demonstration of design similarity|(see
Subsubarticle QR-7340). This extension of qualification
is based on the condition that both pump assemblie$ use
the same design concept and that critical dimensjonal
clearances are maintained. Diagnostic testing (sudh as
vibration measurements for displacement, velocity, or
acceleration) shall be performed during the qualificdtion
testing covered by this Standard.

QP-7200 Identification of Potential Malfunctions

Potential malfunctions shall be identified in agcor-
dance with the requirements of Subarticle QR-7200.
Examples of potential malfunctions in pump assemplies
that shall be reviewed include loss of rated flow/Head,
rotating element seizure, rotating element clearapce/
drag/leakage, and clogging, wear, seal failur¢, or
adverse performance from worst-case postulated dgbris
in the process fluid flow for which the pump is fo be
qualified. The effects of wear of critical components phall
be part of this review.

delineated in Subarticle QP-6200, may be excluded from
the qualification process if it can be shown that their
malfunctions have no 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 Subsubarticle
QP-8320, shall provide documentation and additional
requirements as necessary to ensure that each of the
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QP-7300 Functional Qualification

Methods for qualification of pump assemblies and
pump assembly items shall be in accordance with the
requirements of Subarticle QR-7300. Analysis may be
used as part of a qualification method, provided that
sufficient test verification exists to justify the analysis
used over the qualification conditions involved.
Nonmandatory Appendix QP-D may be used for the
analysis of similarity between pump assemblies.
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QP-7310 Pump. Pump qualification shall consider
significant hydraulic and mechanical design factors that
can degrade and impact the ability of the pump to per-
form its specified function. In addition to aging effects,
qualification techniques shall address and incorporate,
as necessary, the impact of periodic testing, mainte-
nance, overhaul, and replacement of essential parts of
the pump assembly. The qualification method shall iden-
tify the service conditions for which the pump is being

be recorded as applicable to the test shaft-seal assembly
and test installation according to the plan. Test data
shall include face surface finish and flatness, face loads
at installation length, shaft-seal system leakage, temper-
ature, pressure, and seal face power requirements. The
test fluid shall include the range of potential debris as
noted in Subsubarticle QP-7370. Testing sequences shall
include all service conditions. A shaft-seal system may
not be functionally qualified by analysis alone. However,

qualified as described in subpara. (b) below.

(a) The pump qualification program shall include the
follqwing;:
(1) testing over the full range of normal and design-
basiy event (DBE) operating points for hydraulic per-
fornpance, leak tightness, and structural integrity, includ-
ing pnticipated system fluid conditions, low-suction
head, recirculation cavitation at low flow or recirculation
mode, and elevated water temperature.
(2) the test assembly with the pump, its auxiliary
equipment, and the baseplate (if one is provided).
(3) visual and dimensional inspections at appro-
priafe intervals to identify excessive wear or degradation
of pump assembly parts.

(b} Service aspects that shall be considered in formu-
latirlg a qualification program are
(1) pump functional conditions {such as flow
cities, developed head requirements, suction head
ided [NPSH available (NPSHA) and its uncertain-
, system fluid conditions including transients$
opefating time, and operating frequency anticipated
over the life of the facility}. Functional conditions shall
inclfide periodic inservice testing (IST) and ahticipated
inopjerative periods.
(2) system fluid conditions with the full range of
potgntial debris as described in Subsubarticle QP-7370.
(3) environmental conditions.
(4) starting requirements.
(56) normal operating Joads.
(6) externally applied-oads (such as seismic, noz-
and end loads).
(7) bearings afid-couplings.
(8) aging of'nonmetallic materials (Nonmandatory
Appendix QR;B may be used to identify supplementary
details associated with the qualification of nonmetallic
partp).
(9% maintaining design life (such as maintenance,

capa
proy
ties

zle,

analysis may be used to extend previous testig to the
specified design service conditions, provided the analyt-
ical techniques have been validated through cofnparison
with measured performance of a compatable j?laft-seal
system. Types of permitted analysis include heajt genera-
tion and removal, mechanical stress] thermal stress, wear
rate, interface velocity, axial movement, radial move-
ment, angular movementyforsional deflection, gnd natu-
ral frequency.

Environmental and’aging effects on the materials of
construction shall eficompass the process and |environ-
mental effects onythe material properties. The|environ-
mental qualification program shall include nopmetallic
components/such as O-rings and the rotating|and sta-
tionary.seals of the mechanical seal that may contain
nonmetallic materials.

Nonmandatory Appendix QP-E provides g
for shaft-seal system material and design cons
when qualifying the shaft-seal system.

The manufacturer shall demonstrate the addquacy of
the shaft-seal system in either or both of th¢ follow-
ing ways:

(a) by supplying documentation as speg¢ified in
Subarticle QP-8200 that the proposed system wlas quali-
fied through a comprehensive testing program.[The test-
ing program shall have included full-scale testq over the
full range of operating conditions from normgl opera-
tion up to and including design-basis accidefnt condi-
tions. The documentation shall include a fletailed
description of the tests, analysis, test equipnjent, and
actual test results.

(b) by providing documentation justifying thie extrap-
olation of qualification to similar shaft-seal sysfems and
their applications through testing or a combihation of
testing and analysis.

The test information used to justify extrapdlation of
the shaft-seal system qualification shall inclfide full-

iidelines
deration

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 objec-
tives, 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, appropriate means for pressurization, fluid
thermal control, and seal leakage measurement. Prior to
the start of a test sequence, all system conditions shall
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Scale tests over the full range of operating conditions
from normal operation up to and including design-basis
accident conditions. The documentation as specified in
Subarticle QP-8200 shall include a detailed description
of tests, analysis, test equipment, and actual test results.

QP-7330 Turbine Driver. Turbine driver qualifica-
tion 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
addition to aging effects, qualification techniques shall
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address and incorporate, as necessary, the impact of
periodic testing, maintenance, overhaul, and replace-
ment of essential parts of the turbine driver. The qualifi-
cation method shall identify the service conditions for
which the turbine driver is being qualified as described

in subpara. (b) below.
(a) The turbine driver qualification program shall

include the following:
(1) testing over the full range of operating condi-

(d) In cases where the pump is to be qualified sepa-
rately from the driver, the qualification shall address
the required mounting rigidity such that the required
maximum misalignment at the coupling is specified at
the rotational speeds for which the assembly is to be
qualified. This misalignment may be verified by calcula-
tion or test. The maximum misalignment versus rota-
tional speed shall be documented such that the
maximum allowable pump-to-driver alignment will not

tions frojn normal operation up to and including design-
basis ac¢ident conditions for steam performance, leak
tightness, and structural integrity.

(2) the test assembly with the turbine and its auxil-
iary equjpment.

(3) yisual and dimensional inspections at appro-
priate infervals to identify excessive wear or degradation
of turbirje parts.

(4) loading and vibration of bearings and
couplings.

(b) Setvice aspects addressed in formulating a test
qualificaftion program shall include

(1) furbine functional conditions (such as turbine
horsepoyver/speed including transients, operating time,
and opefrating frequency anticipated over the life of the
facility).
NOTE: Functional conditions shall include periodic inservice
testing anfd anticipated inoperative periods.

(2)
(3)
4
(5)

bnivironmental conditions.

starting requirements.

hormal operating loads.

bxternally applied loads (such as seismicland
nozzle lpads).

(6) pearing performance, including acceptable dis-
placement during normal operation and\design-basis
events with normal and upset pipingdoads, acceptable
time perjod for bearing performancé¢ with abnormal dis-
placemént, and acceptable nonmetallics used in
bearings

(7) koupling performange, including acceptable
displacement during normal operation and design-basis
events With normal andupset piping loads, acceptable
time pefiod for coupling performance with abnormal
displacgment, aid*acceptable nonmetallics used in
couplings.

(8) hging.of nonmetallic materials (Nonmandatory

be exceeded for the range of load and environméntal
conditions for which the pump assembly s bping
qualified.

QP-7340 Power Transmission Device

(a) Power transmission device gifalification ¢
address significant hydraulic andmechanical desigr
tors that can degrade and impact the ability of the d¢vice
to perform its specified furfiction. Qualification $hall
address the full range of speed and horsepower reqjiire-
ments. In addition to aging effects, qualification fech-
niques shall address-and incorporate, as necessary, the
impact of periodic testing, maintenance, overhaul {and
replacement of'essential parts of the power transmigsion
device.

The qualification program shall include the following:

(1), The power transmission device shall be testpd at
the design conditions of speed and horsepower (torque)
over the full range of operating conditions from nofmal
operation up to and including design-basis accidentjcon-
ditions for both mechanical performance and strucfural
integrity.

(2) Visual and dimensional inspections shall bej
formed at appropriate intervals to identify exceq
wear or degradation.

(3) Maximum allowed static misalignment shdll be
determined for installation and maintenance guideljnes.

(b) Service aspects addressed in formulating af test
qualification program shall include

(1) power transmission device functional cqndi-
tions (speed, horsepower, operating time, and opergting
frequency anticipated over the life of the facility). Hunc-
tional conditions include periodic inservice testingl and
anticipated inoperative periods.

(2) environmental conditions.

(3) starting requirements.

(4) normal operating loads.

hall
fac-

per-

sive

Appendix QR-B provides supplementary details associ-
ated with the qualification of nonmetallic parts).

(9) maintaining design life (such as maintenance,
overhaul, and replacement).

(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
requirements of Section QV and IEEE Std 382, as
applicable.
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(56) externally applied loads (such as seismic and
end loads).

(6) aging of nonmetallic materials (Nonmandatory
Appendix QR-B provides supplementary details associ-
ated with the qualification of nonmetallic parts).

(7) maintaining design life (such as maintenance,
overhaul, and replacement).

(c) Any electrical controls associated with speed-
changing devices shall be qualified in accordance with
the requirements of IEEE Std 323 and IEEE Std 344.
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QP-7350 Auxiliary Equipment. When auxiliary
equipment is qualified separately from the pump assem-
bly, pump, shaft-seal system, driver, and transmission
device, its qualification shall address significant hydrau-
lic and mechanical design factors that can degrade and
impact performance of the specified function. The
approach to qualification shall identify the service condi-
tions and interfaces with pump assembly items.

QPR-7360—Pump-Stand-

abrasiveness, and concentration in fluid) and any lim-
iting conditions of operation as a result of the debris
load.

For both qualification methods described in sub-
paras. (a) and (b) above, credit taken for debris separa-
tion or filtration from seal or bearing flushing flow shall
be corroborated by testing.

QP-7400 Environmental and Aging Considerations

i £ d-daflacts
The-ptimp-stand-deflections
due|to thermal expansion, dynamic and/or seismic
effedts, and pipe end loading shall be considered in the
qualification of the power transmission device (see
Subgubarticle QP-7340). Care shall be taken to avoid a
natyral frequency of the pump stand near the driver
rotafional speed in revolutions per minute (rpm).

QP-7370 Qualification for Ingestion of Air and/or
is. The pump assembly, including the sealing sys-
as applicable, shall be qualified to accommodate
lated debris ingestion as specified by the Owner
in the procurement/Qualification Specifications. The
qualification shall consider the full range of potential
debgis including post-LOCA debris constituents (such
as thaterial, quantity, size, density, abrasiveness, and
condentration in fluid); pump capability over the full
misdion time; verification that debris distribution size
during testing is consistent with debris size in the pro-
curegment/Qualification Specifications; basis and justifi-
catign for use of any surrogate debris used as a substituté
for taterial in the specification; and capability of filters
in tHe pump assembly or associated components t6 per-
fornp their intended function without clogging ot other-
wisg causing adverse pump performance.
Tlhe Owner shall specify qualification Tequirements
for gir/gas ingestion in the procurement/Qualification
Spedifications.
The following are qualification methods for
addfessing the effect of debris on the pump and its
sealjng system:

(a) When the systerhis designed for specific debris
loading, the Ownef)shall specify the designed debris
load in the proctirément/Qualification Specifications.

NOTE: In this{case, the pump and/or shaft-seal system shall be
qualified by test or a combination of test and analysis for the
designed(debris load such that the pump and/or shaft-seal system
will petform its safety function.

Pump assemblies and pump assembly iteingd shall be
qualified in accordance with para. QR-7311|or para.
QR-7321. Environmental qualification ©f pump assem-
blies and pump assembly items shall be perfgrmed in
accordance with IEEE Std 323. Nonmapdatory
Appendix QR-B provides supplementary details associ-
ated with the qualification of nonmetallic parfs.

QP-7500 Dynamic/Seismic Loading

(a) Pump assemblies’and pump assembly it¢ms shall
be qualified in‘accordance with para. QRf7312 or
para. QR-7322. Nonmandatory Appendix QR-A pro-
vides supplementary details associated yith the
dynamié qualification of mechanical equipmnjent. The
qualification shall consider if the pump is qperating
during’ the dynamic event, if so specified.

() Qualification for seismic and/or dynanpic loads
shall demonstrate the ability of a pump ass¢mbly to
withstand a loading that is representative of the speci-
fied seismic load qualification level.

(c) Seismic qualification of pump assemblieg shall be
in accordance with IEEE Std 344 or Nonmgndatory
Appendix QR-A.

(d) All essential-to-function accessories|shall be
attached to the pump assembly. The essential-to-func-
tion accessories that have not been previously fualified
in accordance with IEEE Std 344 as part of tlhe pump
assembly shall be seismically qualified in acfordance
with IEEE Std 344 or Nonmandatory Appendjx QR-A.

(e) The determination of the allowable static nisalign-
ment of the power transmission device shall [consider
the impact of the seismic and/or dynamic loading.

QP-7600 Nozzle Loading

The pump assembly shall be qualified to a¢gcommo-
date postulated end loading. End-loading quallification
may be justified by analysis if the intended application

(b) The maximum debris load that can be accommo-
dated by the pump and/or shaft-seal system shall be
qualified 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 Owner, who designs the system such that the
characteristics of the maximum debris size and consti-
tutents cannot be exceeded. Documentation supplied to
the Owner shall specify debris constitutents used for
qualification (such as material, quantity, size, density,
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for the pump does not impose significant end-load reac-
tions. There are several methods for addressing end
loading on the pump or on its driver (in the case of a
turbine driver).

(a) The maximum load (forces and moments) that can
be placed on the pump/turbine case such that operation
is not adversely affected may be qualified analytically.
In turn, this load shall be supplied to the piping system
designer, who shall design the system such that the load
cannot be exceeded.
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(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 the piping system designer, who shall
design the system such that the load cannot be exceeded.

(c) The maximum stress intensity in the attached pip-
ing at the pipe-to-piping /turbine junction resulting from
the combination of the primary or local membrane stress
(Pa or Pp) plus the bending stress (P;,) plus the expansion

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

QP-8000 DOCUMENTATION
QP-8100 Documentation Scope

stress (H,) shall be limited to a value of (G,/Fy) X S,
with G, pnd F;, as defined below. That is,

(P or Pp) + Py + P, < (Gy/Fy) X S,

where

F, =| bending modulus of the connecting pipe

G, =| pump assembly body section modulus at the
crotch region

P, =| bending stress

P, =| expansion stress

P, =[ local primary membrane stress

Py =| primary membrane stress

If Gy ip unknown, then (G,/F;) may be taken as 1.

The dptermination of the maximum stress intensity
shall be based on the highest combination of concurrent
loads considering all concurrent loads defined in the
Qualification Specification. The value of S, shall be taken
at the highest metal temperature of the attached piping
for th¢ concurrent load combination under
considerption.

QP-7700 Extrapolation of Qualification of Pump
Functional Capability

The eXftrapolation of the qualification ofhe-functional
capability of a qualified pump assembly to another
pump agsembly shall be justified using’ a combination
of analyfical comparison of physical attributes and diag-
nostic tgst data. Nonmandatofyy Appendix QP-D may
be used |for considerations<f)the similarity of pumps
when extrapolating the qualification of a pump assem-
bly to a:rther pump,assembly.

QP-7800 Demonstration of Functional Capability of

Prodiiction Pump Assemblies

inctional capablhty of the productlon pump

physical attrlbutes, apphcatlon and dlagnostlc test data
of the production pump assembly to its qualified pump
assembly.

QP-7900 Postinstallation Verification and IST
Baseline

After the pump has been installed in the facility, the
pump shall be operated under representative fluid flow
conditions as necessary to collect diagnostic data for use
in future performance monitoring and to verify that the
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() Quatification documentation {5 intended to, verify
that each pump assembly in a nuclear facility application
is qualified to perform its designated fundtion When
used for its intended service. Qualification is’substpnti-
ated by showing and explaining the relationphip
between the service requirements _atnd/the testing|and
analysis that are conducted as partof the qualification
program.

(b) A Qualification Plan,_asvdescribed in Subatticle
QP-8200, is required td-translate the Qualification
Specification into a stepsby-step qualification program
and the testing and @nalysis that are conducted as|part
of the qualification program.

(c) A Qualification Report, as described in
Subsubartiele’QP-8310, is required to document corhpli-
ance of the)qualified pump assembly and its produgtion
pumpassemblies with Section QP.

(d).)An Application Report, as described in
Subsubarticle QP-8320, is required to document the fuit-
ability of any qualified pump assembly and its produc-
tion pump assemblies for a specific nuclear fadility
application.

QP-8200 Qualification Plan

A Qualification Plan, which may be part of the
Qualification Report, shall be prepared with appropjriate
inspection and test records to define test objectives| test
fluids, extrapolation parameters, test instrumentafion,
conditions of the test, orientation, permissible majnte-
nance or adjustments, and acceptance criteria. The [Plan
shall also specify the activities to ensure that produgtion
pump assemblies will perform consistent with their
applicable qualified pump assembly.

QP-8300 Reports
QP-8310 Quallflcatlon Report

quahﬁed pump assembly quahﬁed in accordance with
Section QP directly or by extrapolation. This
Qualification Report shall provide complete identifica-
tion of the pump by type, size, and other data as appro-
priate, including the Qualification Plan, test results,
extrapolation parameters and justification, and inspec-
tion data. The Qualification Report shall also contain a
summary of the parameters established by the func-
tional qualification testing and analysis for both the
qualified pump assembly and its production pump
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assemblies. Any specific limitations that restrict qualifi-
cation shall be stated.

(b) When prequalified components of the pump
assembly are used as part of the pump assembly qualifi-
cation, the Qualification Report shall reference the
report(s) on which such prequalification is based. In
addition, it must be shown that the mounting and inte-
gration of this prequalified component on the pump
assembly do not degrade or otherwise interfere with the

drawing. This description shall include a complete iden-
tification of the pump by type and size.

(3) A summary of the functional parameters and
how they are met by the pump assembly.

(4) Reference to the Qualification Report(s) on
which qualification is based.

(5) All test results and analyses used to show that
the pump assembly satisfies the requirements of
Section QP for the specific application.

predualification of the component.

(c) Each Qualification Report shall be certified by one
or njore Registered Professional Engineers in accordance
withl the requirements of Subsubarticle QR-8630.

QP-8320 Application Report

(a) An Application Report is required to demonstrate
the $uitability of any qualified pump assembly and its
assqciated production pump assemblies to meet the
reqiirements of a specific application. An Application
Repjrt is required for each serial-numbered pump
assembly, except that pump assemblies whose construc-
tion|and service conditions are identical, differing only
in s¢rial numbers and tag numbers, may be combined
into[one Application Report.

(b} The Application Report shall reference the appro-
priafe Qualification Report and shall further show how
eacl) of the specific application requirements of the
Quallification Specification is appropriately addressed
by the Qualification Report or other tests and analysis
as optlined in Section QP.

(c) When prequalified parts of the pump assembly
are fised as part of the pump assembly qualification, the
Application Report shall reference the report(s) on which
suclf prequalification is based. In addition, it must be
shoyn that the mounting and integtation of this pre-
qualified part on the pump assembly~do not degrade or
othgrwise interfere with the prequalification of the part.

(d) The Application Repoft shall contain the follow-
ing, |as applicable:

(1) Serial number,\tag number, or other unique
identtification of thespump assembly.

(2) Complete\description of the pump assembly
tructioneonfiguration, including an assembly

con

(6) Reference to the Qualification Reports for all
prequalified components used per above.

(7) Any specific limitations that restrict apjplication
shall be stated.

(8) Additional information asmecessary td support
the demonstration of functional.capability for the quali-
fied pump assembly and sjits productiop pump
assemblies.

(9) Special installation requirements and
nance required to maintain qualification.

(10) Dimension of mechanical fits and ¢
for the pump assembly.

(11) Shaft-seal assembly drawing with appropriate
bill of materials, service conditions, and prefautions
noted that would preclude malfunction.

(12) Dimension of mechanical fits and ¢
ofdhe turbine driver.

mainte-

carances

earances

NOTE: The documentation for the turbine driver shhll also be
as specified in IEEE Std 323 and IEEE Std 344 where these|Standards
are invoked.

(13) Dimensions of mechanical fits and clearances
of the power transmission device. The docunjentation
for the power transmission device shall also belas speci-
fied in IEEE Std 323 and IEEE Std 344 wh¢re these
Standards are invoked. The allowable static mnisalign-
ment of the power transmission device phall be
documented.

(14) Dimension of mechanical fits and c
for auxiliary equipment.

(e) Each Application Report shall be certified by one
or more Registered Professional Engineers in acfordance
with the requirements of Subsubarticle QR-8640.

earances
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Mandatory Appendix QP-I
Qualification Specification for Active Pump Assemblies

QP-1-10p0_SCOPE

(b)) The Qualification Qpahiﬁhgfinﬂ shall also define

This Appendix establishes requirements for a
Qualification Specification for active pump assemblies
as requifed by Articles QR-6000 and QP-6000.

QP-1-20p0 PURPOSE

(a) This Appendix provides details of functional
requirenpents that supplement piping and pump codes
and starjdards applicable to active pump assemblies.

(b) Thee information requested in this Appendix shall
be provided as part of the Design Specification or as a
separatel document.

(c) Compliance with the requirements of this
Append]xis intended to ensure that the operating condi-
tions andl safety functions of the pump assembly have
been ad¢quately addressed and defined by the Owner
as necespary for the pump assembly to be qualified to
Section QP.

(d) THe Functional Specification shall ensure that the
Owner lhas provided the qualification parameters for
the activp pump assembly to the manufacturer or qualifi-
cation f{cility.

(e) The Owner shall identify any qualificationyparam-
eters (sych as operating conditions, safety functions,
testing fequirements, or acceptance eriteria) in the
Qualifidation Specification that are ‘not listed in this
Append]x.

QP-1-30p0 REFERENCES

Refer¢nces are as listed in Articles QP-3000 and
QR-3000

QP-1-40p0 -DEFINITIONS
Definifions are as listed in Article QP-4000.

the interfaces between the pump assembly and éxt¢rnal
attachments and supports.

(c) When pump assembly items are qualified depa-
rately, the Qualification Specification shall also define
interfaces between the pump and drivér, shaft-seal|sys-
tem, power transmission dewice, and auxiliary
equipment.

QP-1-5110 Service Conditions

(a) Service conditions.defining the application of the
pump assembly shallbe specified.

(b) Service conditiens consist of all operating cqndi-
tions, including™the seismic and environmental cqndi-
tions to which the pump assembly will be subjefted,
and the fallrange of fluid flow, differential presure,
electrical\eonditions, and temperature conditions with
debrisdaden fluids for which the pump assembly phall
havefunctional capability to operate up to and including
design-basis accident conditions.

QP-I1-5120 Environmental Conditions
(a) Environmental conditions in which the punpp is
to be operated, as well as conditions where the pimp
shall remain leak tight but need not operate, shajl be
specified.
(b) In cases where pump leakage is permitted] the
maximum leak rate shall be specified.
(c) The Qualification Specification shall require|that
significant aging mechanisms along with comporjents
and/or materials subject to aging be identified.

QP-1-5130 Design and Construction Characteristics.
The following characteristics shall be identified where
applicable:

(a) pump type

(b) design life

(c) functional, operating, environmental, and sefvice

QP-1-5000 QUALIFICATION SPECIFICATION
CONTENTS

The Qualification Specification shall identify the fol-
lowing, 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 recir-
culating flow testing

(e) fluid pumped, specific gravity at given
temperatures

(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

(I) netpositive 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 cool-
ing water)

(d) seismicloading [operating basis earthquake (OBE)
and safe shutdown earthquake (SSE)]

(e) stress limits

(f) seismic and/or dynamic design criteria

(¢) minimum acceptable force and moment carrying
capability of the pump nozzles, casing, and support
attachments

(h) seismic acceleration, both horizonal (two orthogo-
nal directions) and vertical

(o} minimum operating flow limitations
(p) use of mechanical seals and type of seal cooler, if
applicable
(g} flow restrictor from seal cavity, if applicable

(r} vent and drain from pump casing and types of
contections

(s} type of pump nozzle connections and details

(t] connection requirements to other ancillary piping
(1) support and anchorage requirements and
configuration

() cooling water piping Code requirements

(wp) maximum input driver horsepower for diesel
gendrator loading

(x) cooling water: minimum and maximum tempera-
turep, pressure, and maximum pressure drop
(1) entrained material for which the pump is
desipned, such as dirt, debris, insulation, molten fuel,
diespl oil, and fish, under normal and abnormal service
condlitions

(z) separation of running frequency from shaft natur-
ral frequency and pump assembly torsional natural
freqpiency
(af)) start-up and operating time
(bp) coupling: flexibility, alignment, service life, bear-
ing load, balance

(cf) specific location at nuclear facility (inside or out-
side|containment)

(df) recirculation flow rate shutoff head
(ep) NPSH required (NPSHR) for pump assembly
undpr the full range of‘service conditions
(ff uncertainties ifizthe qualification process
(gg) filter sizeand performance requirements
(hft) serviceandenvironmental conditions for qualifi-
catign of nofimetallic parts

QP-1:5140 Description of Interface Attachments and
Loaqs. The location, nature, and magnitude of exter-

(i) delineation of whether the pump needs t
during the dynamic loading

(j) nozzle loading

(k) environmental qualification Tequirem
acceptance criteria

operate

bnts and

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

(a) specific materialaegtiirements

(b) specific manufactiring requirements

QP-1-5170 Acceptance Criteria
(a) The Qualification Specification shall indjicate the
performance)required from the pump assembly/pump
during specified service conditions.
(b) Acceptance criteria shall be specified fo1
(1) capacity (flow)
(2) total developed head (or pressure)
(3) NPSHR including its range of uncerts
discussed in para. (d) below
(4) start-up and operating time based o
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 associafled time
limitations
(10) vibration limits
(11) fluid filter performance
(12) air ingestion capability
(13) debris and solids ingestion capability
(14) seismic and dynamic loading applicdtion
(15) end-loading application
(16) interface acceptability for pump assembly
items qualified separately
(17) operation time and flow rates when

inties as

h facility

pump is

nally applied Toads and structural characteristics for
interface attachments shall be specified.

QP-1-5150 Structural, Seismic and Dynamic, and Envi-
ronmental 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

63

in recirculation mode
(18) degraded motor voltage conditions
(c) Instrument accuracy for pressure, flow rate, speed,
vibration, and differential pressure acceptance criteria
shall not be less than that prescribed in ASME OM Code.
(d) The uncertainties of NPSHR must be addressed
in the Qualification Specification. These uncertainties
include the following;:
(1) NPSHR variation with changes in pump speed
caused by motor slip
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(2) NPSHR decrease with increasing water
temperature

(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

QP-1-56180 Testing Requirements. The following
requirenjents shall be specified:

(a) shpp performance test and measurements to be
taken, irfcluding capacity, total head, power input, effi-
ciency, NPSHR, and their applicable ranges; recircula-
tion floyw rate at shutoff head; and vibration at the
bearing pr on the shaft

(b) prequalification transient test requirements and
acceptarfce criteria

190 Documentation, Instructions, and Limita-
he following requirements shall be specified:

(1) documentation requirements

(b) requirement for manufacturer’s provision of val-
ues of nfaximum allowable forces and moments

(c) opprational limits for pump recirculation or opera-
tion without cooling water

(d) requirement for manufacturer’s provision of val-
ues for thinimum flow capability and time limitations

(e) requirements for manufacturer’s provision of bolt-
ing matgrial, torque values, and washer configuration

(f) qupntified acceptable limits for wear of beatings
to estabIsh minimum service life

QP-1-5200 Pump Shaft-Seal System

QP-1-5210 Design and Construction Requirements.
The follgwing requirements shall be _specified:
(a) type of seal or seal systeni to be provided
(b) depign life
(1) btatic
(2) flynamic
(c) popt-design-basis)event design life
(1) pumber oficycles
(2) furationjef cycles
(d) conditiens at seal cavity
(1) |fluid pumped, specific gravity at given

\f/\ avaﬂabihly of seat iujtt.'tiuu, iududius the qua ltity,
temperature, chemistry, and solids particle size
(g) possible inaccessibility of pump during opergtion
that restricts opportunities for visual inspectioh and|pre-
ventive maintenance to the seal system
(h) the need for assembly and maintenance features
to limit personnel exposure time in'radiation fields
(i) shaft direction or rotafion as viewed fronf the
drive end
(j) specific location at_facility site (inside or oufside
containment)
(k) effect of weakr/ abrasion, and blockage dye to
entrained matefial (includes debris and chenical
precipitants)
(I) servieeand environmental conditions for the quali-
fication ‘of-nonmetallic parts

QP:1-5220 Structural, Seismic and Dynamic,|and
Environmental Qualification Requirements. The follow-
ing requirements shall be specified:

(a) structural qualification requirements and ac¢ept-
ance criteria
(b) seismic and dynamic qualification requirenjents
and acceptance criteria
(c) environmental qualification requirements|and
acceptance criteria

QP-1-5230 Materials and Manufacturing Req‘l;ire-
ments. The following requirements shall be specified:
(a) specific material requirements
(b) specific manufacturing requirements

QP-1-5240 Acceptance Criteria
(a) The Qualification Specification shall specify the
performance required from the shaft-seal system dyring
specified service conditions.

(b) Acceptance criteria shall be specified foy the

temperature

(2) design pressures

(3) design temperature

(4) thermal and pressure transient (rate, range,
direction)

(5) thermal and pressure transient duration
(minutes)

(6) allowable leakage

(7) radiation

(8) shaft speed

following:

(1) flow rate of coolant through cooling jacket or
seal cavity

(2) start-up and running torque requirements

(3) seal leakage rates under static and dynamic
operating 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
requirement that the pump shaft-seal system demon-
strates that it will provide acceptable sealing and seal
injection, as applicable, over the full range of service.

QP-I-5260 Documentation, Instructions, and Limita-
tions. The following documentation shall be specified:

(a) documentation requirements

(b) requirements for manufacturer’s provision of bolt-

(b) Acceptance criteria shall be specified for the

following;:

(1) speed/output torque at operating steam condi-
tions (pressure, temperature, flow, and quality)

(2) required start-up and operating time based on
facililty conditions

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

(4) vibration limits

4 CR T 1 1 1 Lo —
IdiCTidl, tUIque vdIitucs, dIitu WdSIIED CUTHIZUTAIUIT

ing
QP-

QP-1-5310 Design and Construction Requirements

(a) required design life of major components
(norjconsumables)

(b} functional, operating, environmental, and design
condlitions under which the turbine must operate
(1) design pressures and temperatures (maximum,
northal, and minimum) for inlet and exhaust
(2) operating pressures and temperatures (maxi-
murh, normal, and minimum) for inlet and exhaust
(3) operating conditions (such as brake horsepower
and [revolutions per minute) at corresponding design/
opefating conditions
(4) ambient temperature, pressure, humidity, and
radiption
(5) maximum horsepower
(6) cooling water: minimum, normal, and maxis
murh temperatures and pressures
(7) process fluid analysis (such as chlorides)

(c) operational modes, including operating and
desipn process fluid conditions, and duratier’ and fre-
quency of operation

(d) interface requirements (such as control system,
utilities available, and flanged connections)

(e} shaft vibration limits
(f] specific location at facility site (inside or outside
contfpinment)

-5300 Pump Turbine Driver

QP-1-5320 Structural, Seismic and Dynamic, and
Envifonmental Qualification Requirements

(a) seismic and_dynamic qualification requirements
(spefification’shall include definition of seismic environ-
ment) and. aeceptance criteria

(bp efwironmental qualification requirements and
acceptance criteria

(5) bearing displacement

QP-1-5350 Testing Requirements. )Spdcify the
requirement for demonstration that the unit will operate
through all modes of operation/for the dquration
specified.

QP-1-5360 Documentation,nstructions, and Limita-

tions. The following reqdirements shall be s][jeciﬁed:
(a) documentation/requirements
(b) requirements'for manufacturer’s provisiop of bolt-

ing material, torque values, and washer configuration

QP-1-5400{ Power Transmission

QP-I-5410 Design and Construction Requirdments.
Thelfellowing requirements shall be specified

(a) required design life of major components
(nonconsumables)

(b) functional, operating, environmental, anid design
conditions

(c) operational modes, including operafing and
design process fluid conditions, and duration|and fre-
quency of operation

(d) interface requirements

(e) shaft vibration limits

(f) specific location at facility site (inside o
containment)

outside

QP-1-5420 Structural, Seismic and Dynapmic, and
Environmental Qualification Requirements. Th follow-
ing requirements shall be specified:

(a) structural qualification requirements angl accept-
ance criteria

(b) seismic and dynamic qualification requirements
and acceptance criteria

(c) environmental qualification requirem
acceptance criteria

bnts and

(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.

QP-1-5340 Acceptance Criteria

(a) The Qualification Specification shall specify the
performance required from the turbine driver during
specified service conditions.
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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

QP-1-5440 Acceptance Criteria

(a) The Qualification Specification shall specify the
performance required from the power transmission
device during specified service conditions.
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(b) Acceptance criteria shall be specified for the

following;:

(1) torque and horsepower capacities

(2) input/output speeds

(3) vibration limits

(4) total indicated runout

(5) cooling requirements

(6) coupling displacement

(e) specific location at facility site (inside or outside
containment)

QP-1-5520 Structural, Seismic and Dynamic, and
Environmental Qualification Requirements. The follow-
ing requirements shall be specified:

(a) structural qualification requirements and accept-
ance criteria
(b) seismic and dynamic qualification requirements

and accaptanca—critaria
o+ Pratt

QP-1{5450 Testing Requirements. Specify the
requirenjent for demonstration that the unit will operate
throughf all modes of operation for the duration
specified.

QP-I-5460 Documentation, Instructions, and Limita-
tions. The following requirements shall be specified:

(a) documentation requirements

(b) requirements for manufacturer’s provision of bolt-
ing matgrial, torque values, and washer configuration

QP-1-55

QP-1-5510 Design and Construction Requirements.
The follgwing requirements shall be specified:

(a) re[quired design life of major components
(noncongumables)

(b) functional, operating, environmental, and design
conditiops

(c) operational modes, including operating and
design grocess fluid conditions, and duration and fre-
quency ¢f operation

(d) inferface requirements

0 Auxiliary Equipment

(c) environmental qualification requirements
acceptance criteria

and

QP-1-5530 Materials and Manufacturing Reqll;ire-
ments. The following requirements shall be specified:
(a) specific material requirements\(if different from
the manufacturer’s standards)
(b) specific manufacturing ¢equirements

QP-1-5540 Acceptance Criteria. The Qualificg
Specification shall spécify the performance reqy
from any uniquely identified auxiliary equipment
ing specified seryice conditions.

tion
ired
dur-

QP-1-5550,"Testing Requirements. Specify| the
requirement for demonstration that the unit will op¢rate
through-all modes of operation for the duraftion
specified.

QP-1-5560 Documentation, Instructions, and Lipita-
tions. The following requirements shall be speciffed:

(a) documentation requirements

(b) requirements for manufacturer’s provision of
ing material, torque values, and washer configura

bolt-
ion
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Nonmandatory Appendix QP-A a7
Pump Specification Checklist

DELETED
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a7 Nonmandatory Appendix QP-B
Pump Shaft-Seal System Specification Checklist

DELETED
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Nonmandatory Appendix QP-C a9
Pump Turbine Driver Specification Checklist

DELETED
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Nonmandatory Appendix QP-D
Pump Similarity Checklist

SCOPE

(o) filters

QP-D-1 10.[‘
(a) Thiis Appendix is provided to aid both the pump

designer

(b) Tt

and the specification writer.
ists items that may be considered when estab-

lishing rjiles of similarity between either pump designs
or proceps conditions.

(c) Ay

plicable similarity items, either the ones identi-

fied herein or others specified as required, may be

selected

QP-D-2(

at the option of the Owner.

00 PUMP DESIGN

The fdllowing parameters should be considered:
(a) hydraulic capability

(1)
(2)
(3)
4)
(5)
(6)
(7)
(8)
9)

(b) mg

(1)
(2)
(3)
4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)

Fating of pump, discharge size, NPS (DN)
best efficiency point as a percentage of condition
Fise-to-shutoff from condition

NPSHR and its range of uncertainties

Epecific speed

suction specific speed

Epeed(s) of rotation

ip speed

humber of vanes

chanical capability

5ize of suction and discharge nozzles, NPS (DN)
mpeller diameter, in. (mm)

vane treatment, finish and filing (over and under)
btationary-to-rotating fitclearances

Fotation

method of support(frame, foot, and centerline)
Epeed control (eonstant/variable)

ype and sizg of bearing system

ype and, size of drive coupling

stiffness(of pump and driver support on base
arrangement (vertical or horizontal)

opent 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 conditiofs

(2) normal and abnoérmal conditions

(3) transient conditions of flow, temperature,
chemistry, and pfessure

(4) test conditions

(5) process fluid conditions

(b) Thefollowing external conditions shoul

considered:

(I start-up conditions

(2) normal and abnormal conditions

(3) transient conditions of flow, temperature,
chemistry, and pressure

(4) amplitude and duration of seismic excitat

(5) transient piping interaction
(6) cooling water for seal or bearing cooling

Tuid

luid

H be

luid

on

(c) Similarity may be undertaken only within pymps

of the same class and type.

(d) The collection of the parameters in subpara
and (b) above provides a means of narrowing the d
ences between pumps.

- (a)
ffer-

(e) To establish similarity, it shall be shown that when
exposed to similar internal and external loads, expressed

as casing stress and assembly strain in response to

nor-

mal and abnormal loads, similar pumps will exhibit
congruent performance, both hydraulic and mecharjical.

(f) Similar pumps must equally be expected to With-
stand similar aging effects and retain their abilify to

perform their specified design function.

Single or multistage
metallurgy of wetted parts
shaft-seal system

70

() Exceptions may be considered if documentation
demonstrates similarity of performance, notwithstand-

ing the above criteria.
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Nonmandatory Appendix QP-E
Guidelines for Shaft-Seal System
Material and Design Consideration

F-1000 SCOPE

QP

This Appendix contains guidelines for the special
material and design considerations for shaft-seal sys-
temg that are intended to be qualified in accordance
with the requirements of Section QP.

QP-E-2000 PURPOSE

Tlis Appendix provides material and design guid-
ancq to the Qualification Specification writer.

QP-E-3000 DEFINITION

The following definition establishes the meaning of
a tefm in the context of its use in this Appendix and
supplements the definitions found in Sections QR and
QP:
stresp index: the ratio of the design stress to the minimumx
ultitpate strength of the material (5/S,).

QP-E-4000 MATERIAL CONSIDERATIONS
QP-E-4100 Pressure-Retaining Material

Gland plates and associated belting are defined as
pregsure-retaining material by thé ASME Boiler and
Pressure Vessel Code (BPVC); Section III. Requirements
to be included in the Qualification Specification for
material used in pressuresretaining applications are to
be ih accordance with the appropriate ASME BPVC
Sectfion III classification and its associated material
reqyirements.

QP

(a) Considerations to be included in the Qualification
Spedification for material used for seal-mating faces

E-4200 \Non-Pressure-Retaining Material

(b) Material with a stress index less than 0.1 used for
retainers, bolts, pins, bushings, and otheér party, may be
manufactured from any material\suitablg for the
intended service.

(c) Material with a stress index ‘greater than 0.1, used
for springs, bolts, pins, and other metallic or briftle parts,
should meet an ASME, ASTM, or AMS specificdtion that
controls the quality of the material.

(d) Proprietary mateérial with a stress inde
than 0.1, used forsprings, bolts, pins, and othej metallic
or brittle parts, that do not have a suitable [national
specification)available should be qualified by ﬁsting in
accordanee with Section QP. Such proprietary naterials
are designated by a specific identification nymber by
the material manufacturer and certified to mept all the
quality assurance requirements of the originally quali-
fied material.

greater

QP-E-5000 DESIGN CONSIDERATIONS

QP-E-5100 General

For normal operating conditions, the shaft-seql 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 shaft-
seal system is designed to operate without maiptenance
for a specified duration and specified number pf cycles.
If only one cycle of a specific operating condition is
specified, then it is understood that replacgment or
maintenance may occur before resuming normpl opera-
tion, unless other design considerations are spgcified in
the Qualification Specification.

Special shaft-seal systems, such as double seals, tan-
dem seals, bellows, and/or cartridge seals, dre to be

applications are

(1) no detrimental physical property changes
occurring when subjected to the seal cavity fluids for
the times listed in Table QP-E-4200-1

(2) no detrimental physical property changes
occurring when subjected to the maximum seal cavity
temperature 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
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specified in the Qualification Specification.

QP-E-5200 Design Input

(a) The pump manufacturer will supply the seal man-
ufacturer 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

@17)
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Table QP-E-4200-1 Shaft-Seal System Specification

Design-Basis Condition
Design-Basis | Inservice | Hydrostatic Other
Shaft-Seal System Parameters Normal [Note (1)] Events Tests [Note (2)] [Note (3)]
Conditions at Seal Cavity
Fluid [Note (4)]
Pressure, psia (MPa)
Temperatupe2F~26} NA
Thermal trpnsient rate, range, and direction, °F/min (°C/s) NA
Thermal trnsient duration, min NA
Allowable Jeakage [Note (5)]
Radiation,|rad NA
Speed, rph NA
Abnormal Condition Info (Design Life)
Number of cycles NA
Duration of cycles, hr NA
Component Coolant Conditions
Pressure, psia (MPa) NA
Temperatufe, °F (°C) NA
Flow rate, lgpm (mm3/s) NA
Design Life

Static, hr NA NA NA
Dynamic, hr NA NA NA
GENERAL NOTE: NA indicates not applicable.
NOTES:
(1) Normdl conditions refers to seal conditions in pumps thatlare required to function during normal facility operation.
(2) Includp this information if seal is to be used during hydtdstatic tests.
(3) Other fefers to conditions that may affect the seal (cavity environment, such as external loads and loss of component coolant or irfjec-

tion, gnd to conditions that are not covered in the other categories.
(4) If fluid is water, specify quantity of chemicals-present as additives or impurities and solids particle type and size.
(5) Allowdpble leakage refers to the leakage that ¢an be collected as liquid at the seal-operating conditions.

(b) The pump manufactiirer will supply the seal man-
ufacturef with the following arrangement and interface
conditiops:

(1) |type of s€al to be provided (i.e., packing,
mechanifal, beltows, double tandems, and cartridge)

(2) phaft-er sleeve diameter at seal

(3) phaft or sleeve material

(c) The pump manufacturer will supply the seal fnan-
ufacturer with the following shaft-seal system ext¢rnal
conditions:

(1) seal system piping arrangements and seal fush-
ing systems shall conform to ASME B73.1, ASME B3.2,
API 610, API 682, and STLE SP-30

(2) availability of component coolant, including the

(4) shaft orientation (i.e., vertical or horizontal)

(5) direction of rotation

(6) seal cavity maximum diameter at seal

(7) seal cavity length

(8) shaft-to-seal cavity misalignment conditions
(i.e., static eccentricity, static angularity, and range of
axial travel)

(9) shaft motions (i.e., radial, axial, and angular)
relative to the seal cavity during seismic and design-
basis conditions as listed in Table QP-E-4200-1
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quantity, maximum temperature, pressure, available
pressure drop, and chemistry

(3) availability of seal injection, including the quan-
tity, temperature, chemistry, and solids particle size

(d) The pump manufacturer will supply the seal man-

ufacturer with the following special provisions:

(1) maintenance provisions

(2) inaccessibility of the pump during operation
that would restrict visual inspection and preventive
maintenance
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(3) necessary assembly and maintenance features
limit personnel exposure time in radiation fields

QP-E-5300 Mechanical Face Seals

(a) Mechanical face seals should be of the hydrau-
lically balanced type, except as provided for in
Table QP-E-5300-1.

(b) Either a sliding gasket (i.e., O-ring, V-ring, or

U-ri

ng) or a metal or rubber bellows should be used

Table QP-E-5300-1

Limits for Unbalanced Seals

bety
or h

(c
5,00
mov
rath|

QP
(a

with

Feen the axially moving seal face and shaft sleeve
pusing.

For applications involving seal face velocities over
D fpm (1 524 m/min), it is preferred that the axially
able seal face be mounted on the stationary housing
br than on the shaft.

E-5400 Packings

Stuffing boxes on all pumps should be packed
a sufficient amount of packing as recommended

by the packing manufacturer. The minimum packing

size
3/ s ir]

(b
lant
Inle
lant

(c
to b
part

is / in.2 (160 mm?); however, a packing size of
2 (240 mm?) or greater is preferred.
Pump-stuffing boxes are to be provided with a
brn ring for fluid injection directly into the packing.
and outlet connections must be provided for the
I Ting.
Sufficient space is to be provided for the packing
e replaced without removing or dismantling any
other than the gland and lantern ring if split.

Maximum

Seal Maximum Sealing
Diameter, Shaft Pressure,
in. (mm) Speed, rpm psig (MPa)
Y, t0 2 (13 to 51) Up to 1,800 100 (0.69)
1,801 to 3,600 50 (0.35)
Over 2 to 4 (51 to 102) Up to 1,800 50 (0.35)
1,801 to 3,600 2% (0.17)

(d) If the stuffing box of a vertical'pump is §

ubjected

to discharge pressure and a bleed:off to suction is used,

the bleed-off should be by means,of internal ra
external piping.

(e) Adequate seal draining is to be provide
no liquid can collect inthe driver support pie|

QP-E-5500 Shaft Sleeves

(a) Shaft sleeves, when used, are to be sealé]
vent leakage between the sleeve and shaft and 1
for concentric rotation.

(b) Ends of shaft sleeve assemblies or nuts, w
on pumps arranged for packing, are to extend
thé’outer face of the packing gland.

(c) Shaft sleeves are to extend beyond the
seal gland plate on pumps employing an auxi
other than a throttle bushing.

her than
H so that
Fe.

d to pre-

hachined

hen used
beyond

external
iary seal
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Section QV
Qualification Requirements for Active Valve Assemblies for
Nuclear Facilities

QV-1000 SCOPE

Sectiop QV contains the qualification requirements
and guidelines for active valve assemblies that perform
a nucleat safety function used in nuclear facilities. Valve

blies th

e valve is addressed by the Owner-specified

record and is excluded from the scope of
DV.

Code of
Section

QV-200I PURPOSE

It is the purpose of Section QV to proyvide require-
ments fof the qualification of the design-of valves, actua-
tors, and the combination thereof (yalve assemblies) to
perfornj in service as required under all specified
operating and design-basis cofditions.

QV-3000 REFERENCES
Referances are as\listed in Article QR-3000.

QV-4000 DEFINITIONS

The fqllowing definitions apply specifically to valve

active valve assembly: a valve assembly that is requir¢d to
change obturator position to perform its nticlear safety
function.

bending stress (Pp): the variable component of nofmal
stress.

cold working pressure: the valye/pressure rating at 100°F
(38°C).

diagnostic test: a test of avalve assembly in which valve
and actuator performance parameters, fluid system|con-
ditions, ambient €nvironmental conditions, and m¢tive
power supply.parameters are obtained from calibgjated
instrumentation.

expansion stress (P,): stresses resulting from the restfaint
of fredsend displacement of the piping system. In a|pip-
ing‘system, this is commonly considered to be the stress
reésulting from constraint of the free thermal expar}sion
of the piping system (thermal expansion stress). How-
ever, it may also include various types of piping syftem
anchor movement effects, such as seismic an¢hor
motions or equipment or building thermal anfhor
movements.

extended structure: the portion of a valve assembly|that
extends outward from the centerline of the pipelin, as
measured from the mating surface on the valve body;
e.g., on a sliding-stem valve assembly, the extejded
structure would include, as a minimum, the valve pon-
net, yoke, actuator, and all accessories mounted on the
actuator assembly.

local primary membrane stress (Pp): a membrane stress
produced by pressure or other mechanical load and gsso-
ciated with a discontinuity; if not limited, it would|pro-
duce excessive distortion in the transfer of the logd to
other portions of the structure.

assemblies. Other definitions pertinent to valves will be
found in Mandatory Appendix QV-I. Definitions that
also apply to other types of mechanical equipment can
be found in Section QR. When there are conflicting defi-
nitions 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.

74

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
consideration.

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 condi-
tions, 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.

based. A production valve assembly consists of a pro-
duction valve and production actuator.

qualified valve assembly: a valve assembly consisting of
a specific valve (e.g., including type, size, rating, mate-
rial, 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

air piston or diaphragm, solenoid, or electrohydraulic
opefator to perform its safety function. Where power-
opetated valves include components to allow manual
actuption, the qualification shall include the components
that|permit manual actuation if these components are
inclfided in the Qualification Specification.

presqure 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
reli¢f valve assemblies may be further classified as
follqws:
copnbined self- and externally actuated: one that is actu-
ated by external motive power and, in the event of failure
of the external motive power, will open automatically
at the set pressure due to inlet static pressure.
exernally actuated: one that is actuated by external
motjve power.
seff-actuated: one that is actuated by inlet static

ry stress: any normal or shear sttess developed by
posed loading that is necessary*to satisfy the laws
of equilibrium of external andjinternal forces and
moments.

pyrofechnic-actuated (squib)valve assembly: a valve assem-
bly that requires external power provided by a pyrotech-

nic gctuator to perform its safety function.
sheaf stress: component of stress tangent to the plane of
refefence.

stresp intensity: the difference between the algebraically
largestoptincipal stress and the algebraically smallest

a qualified valve and qualified actuator.
test valve assembly: a valve assembly selected
fication testing.

or quali-

QV-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental prificiples and philosophy per-
taining to equipmentiqualification are proyided in
Article QR-5000 and apply to mechanical equipment in
general. Qualification performance characterigtics spe-
cific to valve assemblies are contained in Sectipn QVG,
Guide to Section QV: Determination of Valve 4ssembly
Performancé Characteristics. This Guide is ncluded
with this Standard.

QV-6000 QUALIFICATION SPECIFICATION

It is the responsibility of the Owner or Ownet’s desig-
nee to identify the functional performance charpcteristic
requirements for a valve assembly. These requirements
shall be provided in a Qualification Specificafion pre-
pared in accordance with Mandatory Appendjx QV-I.

The manufacturer has the option to qualify the valve
assembly for more stringent parameters than provided
in the Qualification Specification but shall enpure that
the parameters to which the valve assembly is fualified
envelop those in the Qualification Specificatiion. The
Qualification Specification shall be certified by one or
more Registered Professional Engineers in acfordance
with the requirements of Subsubarticle QR-86[0.

QV-7000 QUALIFICATION PROGRAM

QV-7100 General Requirements
An Application Report, as described in Subsubarticle

principal stress.

valve assembly: a valve-actuator combination, including
those functional accessories that are directly mounted
thereon. The term valve assembly should be broadly inter-
preted to include power-operated, self-operated, and
pressure relief valve assemblies.

production valve assembly: a valve assembly that is man-
ufactured with the intent of being identical within
allowed manufacturing tolerances and clearances to the
qualified valve assembly on which its qualification is
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Q\/'_SZ'Z’)(\, 1is Y'arlnivaH 1o prnvir‘c documenta ion and

additional requirements as necessary to ensure that each
of the production valve assemblies is qualified for the
application specified in the Qualification Specification
required by Article QV-6000. The qualification program
shall account for dimensional variations of critical clear-
ances of essential-to-function parts. Further, any analyti-
cal techniques applied in the qualification of valve
assemblies require verification to ensure that the analy-
sis techniques are valid for the variations of the design
being qualified. This program shall demonstrate that

an
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the performance of valve assemblies, predicted by these
analytical techniques, is applicable to all allowable varia-
tions of the valve clearances being qualified for the flow
conditions specified by the valve Qualification
Specification. Even though valve assemblies may satisfy
the requirements of the manufacturer’s Quality Assur-
ance Program (during the normal manufacturing pro-
cess), the qualification program shall demonstrate that
the design-limiting allowable variation in the critical

addition, the valve is to be identified as bidirectional or
unidirectional; in the latter case the direction of pressur-
ization must be defined. The valve body pressure and
the seat-sealing test pressure used for qualification may
be equal to or less than the rated pressure of the valve,
but these test pressures shall determine the qualification
pressure rating for the valve assembly. Pressure locking
and thermal binding should also be addressed. When
production valve assemblies may have different

clearancps between essential-to-function parts during
the mantifacturing phase shall not render a valve assem-
bly incagpable of consistent performance due to binding,
blockagg, etc.

Sectiop QV provides for qualification of a valve assem-
bly by a ¢ombination of testing and analysis. The qualifi-
cation of a qualified valve assembly may be extended
to another valve assembly through limited testing and
demonsfration of design similarity. This extension of
qualificaftion is based on the condition that both valve
assemblies use the same design concept and that critical
dimensi¢nal clearances are maintained. Diagnostic test-
ing shall be performed during the qualification testing
covered |y this Standard.

QV-720(

(a) Aralysis is permissible provided that sufficient
test verification exists to justify the analysis used over
the qualjfication conditions involved.

(b) Aralysis methods may be used for ensuring acces-
sories gnd associated attachments are rigid (see
Subarticle QR-A-6500).

(c) Arfalysis methods based on extensive valve dssem-
bly testihg programs may be used in conjunction with
focused flow testing to demonstrate functional capabil-
ity. The piser should be cautioned that, because of diffi-
culties agsociated with identifying and'predicting factors
that affect operating loads for certain types of valves
(e.g., flextible wedge gate valves),'even when those valve
assemblies are identical, it may be necessary to limit
the use df analysis in functional capability qualification.
Analysid methods may<¢be-used in the accelerated envi-
ronmenjtal aging ptocess per the requirements of
Nonmarfdatory Appendix QR-B.

Analysis Guidelines

QV-730Q Specific Qualification Requirements for

Valve Assemblies

operating requirements, the Qualification Plan $hall
envelop the requirements for the production vjalve
assemblies.

The orientation of the valve assembly shall He as
required by the Qualification Specification; howevef, the
valve assembly may be mounted insanore conservdtive,
worst-case orientation, provided that a satisfactory justi-
fication for the worst-case Qfientation decision is|pre-
sented in the Qualification\Report. Design-limjting
orientation may be different based on various qualifica-
tion attributes, e.g., séismic capability versus functjonal
capability.

Throughout the'rest of Section QV, it should be njoted
that the actuator'used when testing the performanfe of
the valve \dees not need to be the actuator that|was
tested for-the actuator portions of the testing. Use of
other.than a qualified actuator for valve testing dloes,
however, require that special attention be paid tq the
valve and actuator interface as discussed below in|sub-
paras. QV-7461.3, QV-7462.3, and QV-7463.3.

QV-7420 Environmental and Aging Considerations.
Friction of valve internal sliding surfaces can incfease
with age until a plateau is reached. Further, inspecfions
and disassembly /reassembly of valves that expose yalve
internal surfaces to air can result in a temporary rgduc-
tion in friction coefficients. Qualification of functjonal
capability must address these phenomena when egtab-
lishing valve operating requirements.

Environmental qualification of actuators is perfoymed
in accordance with IEEE Std 323 and IEEE Std 382. Qpuali-
fication of other nonmetallic parts, critical to vialve
assembly performance, may be performed in accordance
with Nonmandatory Appendix QR-B.

QV-7430 Sealing Capability
QV-7431 Main-Seat Leakage. For measurement of

Valve requirements are based on the valve assembly
type and category as delineated by Table QV-7300-1.

QV-7400 Qualification Requirements for Power-
Operated Valve Assemblies

QV-7410 Initial Considerations. The ranges of the
pressure, temperature, and flow for the valve and the
maximum seat-sealing differential pressure shall be
defined in the Qualification Plan and documented in
the Qualification Report (see Subsubarticle QV-8310). In

76

main-seat leakage, a valve closure shall be effected by
the actuator using minimum motive power, and the
maximum seat-sealing differential test pressure shall be
established. Pressure on one side of the closure shall
be relieved to establish a differential pressure in the
specified flow direction or in the most adverse direction
for bidirectional valves (e.g., a globe valve with an unbal-
anced disk, where the design is such that flow tends to
open the valve disk, shall be seat-leak tested with pres-
sure applied on the upstream side of the disk). Leakage

@an


https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

ASME QME-1-2017

Suess jo jooid moys Ajuo

J19SH dAJBA 3y} JO JySIam ay}
pue sanjea pajesado-1amod uj

SOAJeA Ja1121 pajelado-1amo

*1S9) )] 1B3S U0l
paau Jojeiniqo ayuo 8uioe sadloy ainssald 0] anp OLBUIIS JUSPIIIE UE Ul PISO]I UleWSl pue uojjelado jewlou uj pasold
'g A10331e) AD jo uomuyap ay} Aq pal

‘uoniuyap Aq v AoSa1e) AD a1k Sa1jqUIasH]

'y A10331e) AD 99 Jouued ‘(Jaljas ainssaid “a°1) asodind say)

*sishjeue Aq pajelsjsuowsap si uopedyienb djwsiss usym (*

uey} ssa) SI (*219 ‘|9dympuey ‘X0qIRIS, ‘9¥0A) 21n1dNIIS papualxa 3yl Jo JySiam pauiquod ay} papiaoid palinbas aq jou Aew
sjusuodwod jenuew jo Su13sal uoljedyiienb J1WSISS "aINJONIIS PIPUBIXS UB JO ¥dB)| |y} 0} anp palinbal jou S| SaAjeA pajen)
‘uonesado jenuew jwiad jeyy syusuodwod ay} }

H jo uonzeayienb ayy ‘Apejiwis “uoiesadoyehuew Agq pajenioe ale Jey) sanjea pajesado-1amod se paulyap ale SaABA pajenid)

"000%-1-AD 31211V ‘|-AD xipuaddy Alojepuely ul paulap se aie g Aio
‘palinbai jou

hpoid e jo Aem Aq Ajiqeded
pie 1By} SIA|BA paleNn}de-§|ag
nbai jou S| Suiysay peoj-pul
P 9A|BA PalEN}DR-DIUYIDI0IA]
40 uonduny Aq ‘sanjen Jalay
19 ‘10JeIN}qo ‘}duuoq ‘Apoq)
S9AJeA Ja119) pajesado-1amod
©-J|9S JO UOI}EN|BAD DIWSIAG
uoI1RIBPISUOI BPN|IUL ||BYS
P Ajenuew ‘piepuels siyi uj

Ea1e) AD pue v AoSa1e) AD
= YN ‘9)gedndde jou = yN

©
(1)

‘S310N

@
®

‘S31ON TVY43INIO

[(9) @10N] [(9) @10N]
0€¥7/-ND VN [(%) ®10N] YN 0€2/-ND 0€9Z-N0  [(€) @10N]'wN 0£5/-ND 0£5Z-ND 0€%72-ND 0€%72-ND Amiqeded Suieas
0C¥7/-ND VN [(%7) ®10N] YN 0CZ2/-ND 0¢9Z-N0  [(€) @10N] YN 025Z-ND 0TSZ-ND 0T%Z-ND 0C¥7/-NO |eluswuolIAUg
[(9)®30N] [(9) @10N]
09%2-\D VN [(%7) @10N] YN 09//-ND 099Z-AD  [(€) @10N] WN 0957-\D 095Z-\D 09%7/-\D 09%/-ND Jeuoijoung
[(5) @10N] AN VN [(#) ®10N] YN 0%//-ND [(5) @1oN] ¥N  [(€) @10N] ¥N  [(S) @10N] ¥N 0%75Z-N0  [(S) @10N] dN 0%7%72-ND peoj pu3j
[(©) @10N] AN VN [(%) ®10N] YN 0SZ2/-ND 0592-N0  [(€) ®@10NJ YN  [(@) @1oN] N [(2) @10N] ¥N 0S%7/-ND 05%72-ND 21WSIdS
g A10831e) AD v M0S3je) >~_V q M08a1ey) AD v Mo0S31e) AD g A10831e) AD vV A10831e) AD g M10S31e) AD vV A10331e)AD g A10831e) AD ¥ M0S31e) AD
[(1) @10N] paileniay Ajjenuepy pajen)ay d1uydajolhd JETEN| pajenidy-j|9s pajen)oy apod

xujel jusawaiinbay uonesynenp Alquiassy amMeA  T-00€.-AD dlqeL

77

V29]


https://asmenormdoc.com/api2/?name=ASME QME-1 2017.pdf

ASME QME-1-2017

shall be collected from the low-pressure side of the clo-
sure 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
measured for each main seat. Document the relationship
between seat leakage and applied thrust and/or torque
and differential pressure. The Qualification Plan shall

QV-7441 End-Loading Qualification for QV (17)

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.

consider| whether temperature and fluid conditions for
the appljcation of the valve assembly result in the need
for further qualification testing.

QV-7432 Stem-Seal Leakage. The primary stem/
shaft-seql leakage shall be observed at the rated cold
working| pressure with the valve in the partially open
position|to ensure pressurization of the valve in the area
of the prfmary stem/shaft seal. For valves without leak-
off connpctions, primary stem/shaft-seal leakage shall
be obseryed and the leak rate estimated. For valves with
leak-off fonnections, leakage at the leak-off connections
shall be [measured and recorded. For valves using dia-
phragms or bellows to achieve zero stem/shaft-seal
leakage, [the test shall be performed so as to demonstrate
the presgure integrity of the bellows or diaphragm seal.
In all cases, regardless of the stem/shaft-seal construc-
tion, thefintent of this test is to demonstrate the pressure
integrity] of the primary stem/shaft-seal arrangement.
The initipl 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 leakfge rate but not fewer than 5 min. Pocument
the relationship between stem-seal leakage and pres-
sure. Th¢ Qualification Plan shall considerwhether tem-
perature|and fluid conditions for the application of the
valve asfembly result in the need for)further qualifica-
tion testjng.

QV-7440 EndLoading. {he pressure-containing por-
tions of palves that are to'be qualified to this Standard
shall be flesigned to the japplicable Code selected by the
facility (Pwner.

End-lgading qualification is not required if

(a) th¢ intended application for the valve does not
impose dignificant end-load reactions (e.g., a drain valve

(b) Qualify by test for the maximum load thaticgn be
placed on the valve body such that operatioh. if not
adversely affected. In turn, this load is to(be-supplied
to the piping system designer, who muist desigr] the
system such that the load cannot be €xceeded.

(c) Require that the maximum stress intensity if the
attached piping at the pipe-to-valve junction resufting
from the combination of the primary or local membrane
stress (Py; or Pp) plus the-bending stress (Pp) plug the
expansion stress (P,)shall be limited to a valye of
(Gu/Fp) x S, (Gy, Fy, defined below). That is,

PyorPr)+Py+ P, < i—: S,
where
Fy.*= bending modulus of connecting pipe
Gy = valve body section modulus at the crptch
region
P, = bending stress
P, = expansion stress
Pp = local primary membrane stress
Py = primary membrane stress

If G, is unknown, then (%) may be taken as 1.
The determination of the maximum stress intefsity
shall be based on the highest combination of concufrent
loads considering all concurrent loads defined ir} the
Qualification Specification. The value of S, shall be thken
at the highest metal temperature of the attached piping

for the concurrent load combination ufder
consideration.

QV-7442 End-Loading Qualification for| QV
Cat i - i ification

with piping attached to one end of the valve does not
impose significant loading) or

(b) the valve is designed to be installed in piping by
bolting the valve between pipe flanges, and the valve
body has a generally cylindrical cross section (except
for through bolting holes and a provision for actuator
mounting and entrance of the valve stem/shaft) of such
proportions that the length of the valve body parallel
to the pipe run is equal to or less than the inside diameter
of the valve (e.g., a wafer-style butterfly valve)
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is not required for QV Category B valve assemblies.

QV-7450 Seismic Qualification

(a) Seismic qualification is intended to demonstrate
the ability of a valve assembly to withstand a loading
that is representative of the specified seismic load quali-
fication level.

(b) Qualification of valve assemblies shall be in accor-
dance with IEEE Std 344 or Nonmandatory
Appendix QR-A.

an
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(1) For valve assemblies with extended structures
and IEEE Std 382-qualified actuators, static side load
testing may be used as one acceptable method of seismic
validation of the valve/actuator interface.

(2) Nonmandatory Appendix QV-B provides a
methodology 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

(d) Establish fluid conditions (including blowdown)
and stroke-time requirements for which the valve is
being qualified.

(e) Determine the seat leakage limitations (including
directional sealing) of the valve.

(f) Determine the stem leakage limitations of the
valve.

(g) While collecting diagnostic test data (including
valve stem thrust and/or torque, fluid pressure and

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.

V-7460 Functional Qualification. The functional
qualification of a valve assembly is made up of several
diffgrent activities.

(a) Establish a qualified valve assembly by qualifying
a velve assembly to function under a specified set of
condlitions. This is discussed below in para. QV-7461.

(b) Develop a methodology to extrapolate the qualifi-
catign to another valve assembly. (It is desirable to not
have¢ to individually qualify each specific valve for its
indiyidual operating conditions.) This effort involves the
anallysis of the critical characteristics of how the valve
assembly under consideration compares with the quali-
fied|valve assembly. This is described below in para.
QV-y462.

(c} Ensure the production valve assembly performs
in tHe manner predicted by the qualified valve assembly.
Thig is described below in para. QV-7463.

QV-7461 Qualified Valve Assembly. Th¢ qualifica-
tion| of the functional capability of a valye assembly
shal| be justified using a combinatign ‘of analysis and
diagnostic test data. Test-based methodologies that have
beer} demonstrated to reliably predict valve assembly
perfprmance may be used to-supplement the testing in
ordgr to minimize the amount-of testing needed to qual-
ify the valve assembly. The-following activities shall be
perfprmed to justify«the qualification of the functional
capqbility of the qlialified valve assembly.

QV-7461.1 Qualified Valve
(a

temperature, and stroke time), cycle the valye under
static fluid conditions throughout the yalve' $troke in
both the opening (including unseating)’and closing
(including seating) directions, and verify proper valve
assembly.

(h) While collecting diagnostic test data (ihcluding
valve stem thrust and/or forque, fluid presgure and
temperature, and stroke time), cycle the valv¢ in both
the opening and closing directions until the cpefficient
of friction has stabilized and baseline perfprmance
parameters havetbeen established.

(i) While collecting diagnostic test data (ipcluding
stem thrust-and/or torque, fluid pressure and fempera-
ture, and stroke time), cycle the valve under applicable
fluid temperature, pressure, and flow conditigns (from
ambient to hot water and steam conditions); [environ-
mental conditions; and stroke-time requifements
throughout the valve stroke (including seafing and
unseating), and verify the functional capability of the
valve under design-basis conditions.

(j) Determine whether the valve is susceptible to pres-
sure locking and/or thermal binding. If it is, jestablish
design limitations to prevent pressure locking and/or
thermal binding.

QV-7461.2 Qualified Actuator

(a) Identify actuator manufacturer, type, size} and rat-
ing; lubricants used for gearboxes and sliding friction
points; and corrosion inhibitor (as applicable) for the
power actuator to be qualified.
(b) Perform an internal inspection of the actpator for
material, surface condition, and critical interngl dimen-
sions. Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the actua-
tor will behave predictably.

. Ic.len’gfy the manufacturer{ type, size, mgtenals (c) Establish any orientation requirements that are
(mc]uc.lmg.mt(.erpal parts), an.d rating; stem packing; and applicable to the qualification of the actuator.
corrpsion inhibitor (as applicable) for the valve to be (d) Establish the output thrust and /or torgde versus

qualified.

(b) Perform an internal inspection of the valve for
material, surface condition, and critical internal dimen-
sions (including valve internal clearances and edge
radii). Evaluate design-limiting tolerance combinations
in the manufacturing process, and verify that the valve
will behave predictably.

(c) Establish any orientation requirements and any
system piping constraints that are applicable to the qual-
ification of the valve.
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stem position, environmental conditions, and motive
power sources for which the actuator is being qualified.

(e) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency; motor
torque, voltage, and current for motor-powered actua-
tors; and operating air pressures and current signals for
air-powered actuators, as applicable), cycle the actuator
under nominal motive power source conditions
throughout the actuator stroke in both the opening and
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closing directions, verify proper assembly, and establish
baseline performance parameters.

(f) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency and motor
torque, voltage, and current for motor-powered actua-
tors; and operating air pressures and current signals for
air-powered actuators, as applicable), cycle the actuator
under applicable thrust and/or torque loads, environ-

(b) Perform an internal inspection of the valve for
material, surface condition, and critical internal dimen-
sions (including valve internal clearances and edge radii)
in order to establish applicability of construction to the
qualified valve (see subpara. QV-7461.1) and to evaluate
design-limiting tolerance combinations in the manufac-
turing process, and verify that the valve will behave
predictably.

(c) Establish applicability of fluid conditions and

mental fonditions, stroke-time requirements, and
motive-power conditions throughout the actuator stroke
in both the opening and closing directions, and verify
the funcfional capability of the actuator under design-
basis copditions.

QV-7461.3 Valve and Actuator Interface

(a) 1dentify the interface between the valve and actua-
tor for the valve assembly to be qualified.

(b) Verify that the qualified thrust and/or torque out-
put of the actuator equals or exceeds the required thrust
and/or forque demands of the valve throughout the
valve asgembly stroke.

(c) Fof a motor-powered actuator with a rising-stem
valve, d¢ the following:

(1) |dentify any lubricants used on the valve stem.

(2) While collecting diagnostic test data (including
valve stgm thrust and/or torque), cycle the valve assem-
bly throfighout the valve assembly stroke until the fric-
tion betyveen the stem and the stem-nut has stabilized.

(3) While collecting diagnostic test data (including;
valve stgm thrust and/or torque), cycle the valve assem-
bly throgighout the valve assembly stroke under Tepre-
sentativle fluid and environmental condifions and
determine the stem-to-stem-nut coefficient of friction
and loagl-sensitive behavior. Refer toxSection QVG,
Guide td Section QV: Determination-of Valve Assembly
Performgnce Characteristics for guidance.

QV-7462 Extrapolation of. Qualification to Another
Valve Assembly. The extrapolation of the qualification
of the functional capabilityof a qualified valve assembly
to another valve assembly shall be justified using a com-
bination|of analytieahcomparison of physical attributes
and diagnostic test-data. Test-based methodologies that
have begn demonstrated to reliably predict valve assem-
bly performahce may be used in lieu of the testing
needed ticatt
assembly. The following activities shall be performed to
justify the extrapolation of the qualification to another
valve assembly.

QV-7462.1 Valve
(a) Establish applicability of valve type, size, material
(including internal parts), and rating; orientation; sys-
tem piping constraints; stem packing; and any corrosion
inhibitor of the valve being qualified to the qualified
valve.

stroke-time requirements for the valve to be qualified
to the qualified valve.

(d) Determine the seat leakage limitations (including
directional sealing) of the valve.

(e) Determine the stem leakage limitations of the
valve.

(f) While collecting diagnostie_test data (including
valve stem thrust and/or torque, fluid pressure|and
temperature, and stroke time), cycle the valve uhder
static fluid conditions throughout the valve stroke in
both the opening (including unseating) and closing
(including seating) directions, and verify proper yalve
assembly.

(g) Applying the qualification and test informgtion
obtained under subpara. QV-7461.1 with suppleméntal
testing_as hecessary, collect diagnostic data (including
stemrthrust and/or torque, fluid pressure and temppera-
ture;’and stroke time) for applicable fluid temperafture,
pressure, and flow conditions (from ambient to hot water
and steam conditions) and stroke time throughouf the
valve stroke (including seating and unseating), and|ver-
ify the functional capability of the valve under degign-
basis conditions.

(h) Determine whether the valve is susceptible to
pressure locking and/or thermal binding. If it is, egtab-
lish design limitations to prevent pressure locking and/
or thermal binding.

QV-7462.2 Actuator
(a) Establish applicability of actuator type, sizeand
rating (including internal parts and material); ori¢nta-
tion; lubricants; and any corrosion inhibitor of the a¢tua-
tor being qualified to the qualified actuator.
(b) Perform an internal inspection of the actuatoyr for
material, surface condition, and critical internal dimen-
sions. Evaluate design-limiting tolerance combinafions
in the manufacturing process, and verify that the a¢tua-
tor will behave predictably.
(c) Establish the output thrust and/or torque-versus-
stem position for which the actuator is being qualified.
(d) Establish applicability of environmental condi-
tions, stroke-time requirements, and motive power
source conditions (such as air pressures for air-powered
actuators and motor current and voltage for motor-
powered actuators, as applicable) for the actuator to
be qualified to conditions applicable to the qualified
actuator.
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(e) While collecting diagnostic test data (including
actuator output thrust and/or torque; environmental
conditions; stroke time; gearbox efficiency; motor
torque, voltage, and current for motor-powered actua-
tors; and operating air pressures and current signals for
air-powered actuators, as applicable), cycle the actuator
under nominal motive power source conditions
throughout the actuator stroke in both the opening and
closing directions, verify proper assembly, and establish

QV-7463.1 Production Valve

(a) Verify applicability of the production valve type,
size, material (including internal parts), and rating; ori-
entation; piping system constraints; stem packing; and
any corrosion inhibitor to the qualified valve.

(b) Perform an internal inspection of the production
valve for material, surface condition, and critical internal
dimensions (including verifying that valve internal
dimensions, clearances, and edge radii are within manu-

basgline performance parameters.

(f] Applying the qualification and test information
obtained under subpara. QV-7461.2 with supplemental
testing as necessary, establish diagnostic data (including
actuptor output thrust and/or torque; environmental
condlitions; stroke time; gearbox efficiency and motor
torqpe, voltage, and current for motor-powered actua-
tors] and operating air pressures and current signals
for gir-powered actuators, as applicable) for applicable
thrust and/or torque loads, stroke time, and motive
power conditions throughout the actuator stroke in both
the ppening and closing directions, and verify the func-
tionfal capability of the actuator under design-basis
condlitions.

QV-7462.3 Valve and Actuator Interface
Identify the interface between the valve and actua-
tor for the valve assembly to be qualified.

Verify that the qualified thrust and/or torque out-
bf the actuator equals or exceeds the required thrist
or torque demands of the valve throughout, the
valve assembly stroke.

(c) For a motor-powered actuator with a tising-stem
valve, do the following;:
(1) Identify any lubricants, and establish the appli-
cability under environmental conditions of the lubri-
cantp, used on the valve stem.
(2) Applying the qualification and test information
obtdined under subpara. QV-7461.3 with supplemental
testing as necessary, collect diagnostic data (including
valve stem thrust andy.or torque) for the valve assembly
thropghout the valye assembly stroke at representative
fluid conditions;and determine the stem-to-stem-nut
coefficient effriction and load-sensitive behavior. Refer
to SectiorQVG for guidance.

V-7463 Demonstration of Functional Capability of
Production Valve Assemblies. The functional capability
of the production valve assembly shall be demonstrated
by verification of the physical attributes, application,
and diagnostic test data of the production valve assem-
bly to its qualified valve assembly. At the discretion of
the Owner, the production valve assembly testing may
be performed following final installation of the valve
assembly. The following activities shall be performed
to demonstrate the functional capability of production
valve assemblies.
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facturing tolerances) to establish applicabilify to the
qualified valve.

(c) Verify applicability of fluid conditions a
time requirements for the production\wvalve to
fied valve.

(d) Verify that the seat leakagelimitations (ipcluding
directional sealing) of the qualitied valve are applicable
to the production valve.

(e) Verify that the stemeakage limitations ofthe qual-
ified valve are applicable to the production vqlve.

(f) While collécting diagnostic test data (ihcluding
valve stem thrist and/or torque, fluid presgure and
temperatureand stroke time), cycle the pr¢duction
valve understatic fluid conditions throughout the valve
strokexin both the opening (including unseatjing) and
closing (including seating) directions in order [to verify
proper assembly.

(g) Verify applicability of the functional c
(including stroke time) of the production valve
ing and closing under fluid conditions to the
valve through the use of specific test data or a t
qualification methodology.

(h) Verify that the production valve addresses any
pressure locking and/or thermal binding limitlations of
the qualified valve.

QV-7463.2 Production Actuator

(a) Verify applicability of the production jactuator
type, size, and rating (including internal parts ahd mate-
rials); orientation; lubricants; and any corrosionfinhibitor
to the qualified actuator.
(b) Perform an internal inspection of the prpduction
actuator for material, surface condition, andl critical
internal dimensions (including verifying that| internal
dimensions, clearances, and edge radii are withjn manu-
facturing tolerances) to establish applicabilify to the
qualified actuator.

stroke-
e quali-

hpability
or open-
ualified
st-based

hditions,
stroke-time requirements, and motive power source con-
ditions (such as air pressures for air-powered actuators
and motor current and voltage for motor-powered actua-
tors) of the production actuator to the qualified actuator.

(d) While collecting diagnostic test data (including
stem thrust and/or torque; environmental conditions;
stroke time; motor torque, voltage, and current for
motor-powered actuators; and operating air pressures
and current signals for air-powered actuators, as applica-
ble), cycle the production actuator under nominal
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motive power source conditions throughout the actuator
stroke to verify proper assembly.

(e) Verify applicability of the functional capability
(including stroke time) of the production actuator for
opening and closing under environmental and power
conditions to the qualified actuator through the use of
specific test data or a test-based qualification
methodology.

pressure rating for the valve assembly. Where produc-
tion valve assemblies may have different operating pres-
sure requirements, the qualification of the qualified
valve assembly must include a range of test pressures
encompassing the requirements for the production valve
assemblies.

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

QN-7463.3 Production Valve and Actuator

productfion actuator equals or exceeds the required
thrust afnd /or torque demands of the production valve

througheut the valve assembly stroke.
(c) Fof a motor-powered actuator with a rising-stem
valve, d¢ the following:

(1) Merify that the lubricants used are applicable to
the qualjfied valve assembly.

(2) Verify applicability of the stem-to-stem-nut
coefficient of friction and the load-sensitive behavior of
the production valve assembly to the qualified valve
assembly through the use of specific test data or a test-
based qualification methodology.

(3) Cycle the production valve assembly under
static cohditions throughout the valve stroke to verify

proper gssembly.

QV-7/470 Postinstallation Verification and IST
Baselinel After the production valve assembly las been
installed|in the facility, it shall be cycled under represen-

tative flyid conditions as necessary to,eellect diagnostic
data (indluding valve stem thrust and torque; fluid pres-
sure and|temperature; stroke time; motor-operated valve
(MOV) motor torque, voltage,yahd current; and air-
operated valve (AOV) operating air pressures and cur-
rent sigrlals, as applicabl@)-throughout the valve stroke
to verify[the productien<valve assembly meets the func-
tional rdquirements of’the Qualification Specification.
The reqpirements, of Subsubarticle QV-7470 are the
responsipility‘ofithe Owner.

QV-7500—Qualification Regquirementsfor Self

closure may be qualified by analysis that verifies|that
the actuating device cannot degrade the furctign or
operability during and after a seismic event,"Addifion-
ally, those check valves with an external agtuating d¢vice
whose sole purpose is to provide a méans for insefvice
testing of operability may be qualified"by analysis| that
verifies the actuating device cann6t degrade the fungtion
or operability during and aftera seismic event.

QV-7520 Environmental and Aging Considerations.
The qualification of nonmyetallic parts that are crftical
to valve assembly performance may be performgd in
accordance with dNonmandatory Appendix QR-B.

QV-7530 Sealing Capability

QV-7531 Main-Seat Leakage. The valve shal
pressurized in the flow direction tending to seaf the
disk¢Leakage shall be collected from the opposite|side
of\ the closure or otherwise measured by appropjiate
means. The test shall be a minimum of 5 min or a longer
period deemed adequate to measure the leakage tate.

QV-7532 Shaft-Seal Leakage. For check vdlves
having sealed shafts, shaft-seal leakage shall be obsefved
at cold working pressure applied to the seal. For vdlves
with leak-off connections, leakage at the leak-off corjnec-
tion shall be measured and recorded. For valves without
leak-off connections, shaft-seal leakage shall be obsefved
and the leak rate estimated. If the sealed shaft is a fnov-
ing part, the initial shaft-seal leakage test shall be[per-
formed after fully cycling the valve assembly ten times.
The leakage rate test duration shall be adequate to fnea-
sure the leakage rate but not fewer than 5 min.

1 be

QV-7540 EndLoading. The pressure-containingfpor-
tions of valves that are to be qualified to this Stanflard
shall be designed to the applicable Code selected by the
facility Owner.

The end-loading test is not required if

Actuated Check Valve Assemblies

QV-7510 Initial Considerations. The ranges of the
test pressure, temperature, and flow for the valve and
the maximum test seat-sealing differential pressure shall
be defined in the Qualification Plan and documented
in the Qualification Report. The valve-body and seat-
sealing test pressures used in this test may be equal to
or less than the rated pressure of the valve, but in any
event, these test pressures determine the qualification
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(a) the intended application for the valve does not
impose significant end-load reactions (e.g., a drain valve
with piping attached to one end of the valve does not
impose significant loading) or

(b) the valve is designed to be installed in piping by
bolting the valve between pipe flanges, and the valve
body has a generally cylindrical cross section (except
for through bolting holes and a provision for actuator
mounting and entrance of the valve stem/shaft) of such
proportions that the length of the valve body parallel
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to the pipe run is equal to or less than the inside diameter
of the valve (e.g., a wafer-style butterfly valve)

QV-7541 End Loading for QV Category A Valve
Assemblies. For QV Category A valve assemblies, one
of the following is required:

(a) Qualify analytically the maximum load (forces
and moments) that can be placed on the valve body
such that operation is not adversely affected. In turn,

actuating device cannot degrade the function or opera-
bility during and after a seismic event. Additionally,
those check valves with an external actuating device
whose sole purpose is to provide a means for inservice
testing of operability may be qualified by analysis that
verifies that the actuating device cannot degrade the
function or operability during and after a seismic event.

QV-7560 Functional Qualification

this UCld ib ;.U 1LIC Duyt)hcd .lU L} < t)it’il ls D)’D‘LCILL dcbiél ICI,
whd must design the system such that the load cannot
be ejxceeded.

(b} Qualify by test for the maximum load (forces and
morhents) 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,
whd must design the system such that the load cannot
be exceeded.

(c) Require that the maximum stress intensity in the
atta¢hed piping, at the pipe-to-valve junction resulting
fronp the combination of the primary or local membrane
stregs (Py; or Pp) plus the bending stress (P;) plus the

expfinsion stress (P,), shall be limited to a value of
(Gp/|Fy) % Sy (G, Fy defined below). That is,
Gy
(PMOI'PL) +Pb+Pg§F—bSy
wheyre
B, = bending modulus of connecting pipe
G, = valve body section modulus at the,drotch
region
H, = bending stress
H. = expansion stress
Py = local primary membrane sttess
Py = primary membrane stress
G
If|Gp is unknown, then (P—b) may be taken as 1.0.
b
Tle determination of the maximum stress intensity

for

U U U < U JV

Assemblies. End-loading qualification is not required
for QV Category B valve assemblies.

OTV B Valve

QV-7550 Seismic Qualification. Seismic qualifica-
tion of check valves is not required under this Standard
and may be covered by applicable design Codes.

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 the
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QV-7561 Valve Assembly to Be Qualifig
valve functional qualification establishes.key
ance parameters necessary for the evaluation ¢f proper
valve sizing to maintain the valve disk in the full open
position under normal flow conditions and th¢ evalua-
tion of valve adequacy for service.applications jnvolving
flow reversal and the resultingzpressure surge produced
by valve closure. The folldwing activities shall be per-
formed to justify the qualification for functiona) capabil-
ity of the valve assembly:

(a) Identify mahufacturer, type, size, materia| (includ-
ing internal parts), and rating; stem packing; apd corro-
sion inhibifor (as applicable).

(b) Establish orientation and system
application.

(c)>Establish applicable fluid and syst
conditions.

(d) Establish sealing capability requirements for the
valve.

(e) Establish stem shaft leakage limitation:
valve.

Test-based methodologies that have been|demon-
strated to reliably predict valve assembly performance
may be used to supplement valve-specific testinjg to min-
imize the range of flow testing in qualifying the valve
assembly.

d. The

berform-

piping

em flow

for the

QV-7561.1 Valve Qualification for Forwand Flow.
Perform internal inspection of the valve assemply to be
qualified for material and surface condition and critical
internal dimensions (including valve internjal clear-
ances), and evaluate the design-limiting tolerahce com-
bination in the manufacturing process to ass¢ss valve
predictable behavior.

The valve assembly shall be installed in a piping sys-
tem capable of incrementally increasing volumgtric and
a 2 i 2 isk positioh at vari-
ous flows, including the full open, stable position against
a stop. A sufficient number of test runs shall be per-
formed to verify the full open, stable characteristics of
the valve. The valve shall be protected against system
turbulence. The test fluid shall be of equal or less density
than the fluid of the valve application, or appropriate
momentum corrections shall be made.

The test valve shall include a means to verify the
valve disk position. The valve shall be protected against
unstable flow conditions.

m flow es to determine e d
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The mass flow rate required to ensure full travel of
the disk to stable contact with a stop shall be determined.
At the full open, stable flow condition, the flow velocity
and fluid condition (data to determine the mass flow
rates) shall be recorded. A sufficient number of test runs
shall be performed to verify the full open, stable charac-
teristics of the valve.

QV-7561.2 Valve Qualification for Closing. The

(a) Establish applicability of valve type, size, and rat-
ing (including internal parts and seat material); orienta-
tion; and any corrosion inhibitor of the valve assembly
being qualified to the qualified valve assembly.

(b) Perform internal inspection of the valve assembly
for material and surface condition and critical internal
dimensions, and evaluate the design-limiting tolerance
combination to assess valve predictable behavior and to
establish applicability of construction to the qualified

test valvpassembty strattbeinstatted e piping system
for watet flow testing. Tests shall be performed by estab-
lishing full forward flow or full opening of the valve,
stopping forward flow at various rates, and observing
the valve closure.

If flow reversal can occur prior to valve closure, a test
shall be performed to simulate the reverse flow and the
valve open position to verify that sealing parts remain
intact a)pd that seat wedging cannot occur. Typically,
flow revprsal can occur prior to valve closure when the
check vdlve closes to isolate a line break or when one
of a grolip of parallel pumps trips and a check valve
closes tg prevent pump short circuiting.

NOTE: Free closing valves, in which there is no quantifiable
restraint oh the closure element as it approaches the seated position
other than|its inertia, will produce significant pressure surge during
a reverse flow test.

As so¢n as conditions permit, following completion
of the vilve closure, an observation shall be made of
the seat leakage under differential pressure.

Valveqd having a body and/or disk seating taper angle
greater than 29 deg (cone angle greater than 58 deg)-are
not suscgptible to seat wedging and need not-bequali-
fied for peat wedging.

Valveq shall be subjected to a static closed pressure
differentfial equal to the maximum stdtic~plus-dynamic
pressure| differential for which the valve is to be quali-
fied. The pressure shall then be rémoved and a determi-
nation njade that the valve cah open normally with the
minimumn differential pressuve in the normal flowing
directior}.

If valye design is to\be qualified for applications at
elevated|temperatures [above 212°F (100°C)], provision
will be rpquired . for heating the assembly to the desired
qualificiFion temperature for this testing.

For the eyaluation of valve adequacy to handle flow

valve assembly.

(c) Establish applicability of fluid and envirénm
conditions for the valve assembly to be qualified to
ditions applicable to the qualified valvelassémbly.

(d) Determine applicability of s€aling capabfility
requirements.

(e) Cycle the valve assembly (torbe qualified uhder
static conditions with collectien of diagnostic dafa to
verify proper assemblysand establish basgline
parameters.

(f) Establish applicability of the functional capal
of the valve assembly to be qualified for opening
closing under fluid flow and environmental condifions
to the qualified walve assembly through use of sp¢cific
test data orha test-based qualification methodology.

bnital
con-

ility
and

QV-7563 Demonstration of Functional Capability of
Praoduction Valve Assemblies. The functional capability
of\ prfoduction valve assemblies shall be demonstqated
based on verification of the physical attributes, apyflica-
tion, and diagnostic data for the production valve aspem-
blies consistent within manufacturing tolerances fo its
qualified valve assembly. The following activities phall
be performed in demonstrating the functional capalpility
of production valve assemblies:

(a) Verify applicability of the production valve asfem-
bly, e.g., including valve type, size, and rating; int¢rnal
parts; seat material; orientation; and any corrosion inphib-
itor, to its qualified valve assembly.

(b) Perform internal inspection of the produdtion
valve assembly for material and surface condition|and
critical internal dimensions (including valve intdrnal
clearances) to assess valve predictable behavior and to
establish applicability to its qualified valve assembly.

(c) Verify applicability of fluid and environmgntal
conditions for the production valve assembly to cqndi-
tions for which its qualified valve assembly |was
qualified

reversal_,, TS lcquhcd thretarrar 1a1y ticatTT lUdE‘l, d (€St OT
a combination of both be developed and demonstrated.

QV-7562 Extrapolation of Qualification for
Functional Capability. The extrapolation of the qualifi-
cation of the functional capability of a qualified valve
assembly to another valve assembly shall be justified
using a combination of analytical comparison of physi-
cal attributes and diagnostic test data. The following
activities shall be performed to justify the extrapolation
of the qualification for functional capability:

84

(d) Verify applicability of sealing capability require-
ments for the production valve to its qualified valve
assembly.

(e) Cycle the production valve under static conditions
with collection of diagnostic data (disk position, etc.) to
verify proper assembly and establish baseline
parameters.

(f) Verify applicability of functional capability
(including stroke time) of the production valve assembly
for opening and closing under fluid, environmental, and
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system flow conditions to its qualified valve assembly
through use of specific test data or a test-based qualifica-
tion methodology.

QV-7564 Postinstallation Verification and IST
Baseline. After the valve has been installed in the facil-
ity, the valve shall be cycled under representative fluid
flow conditions as necessary to collect diagnostic data
(disk position, etc., as applicable) for use in future per-

600 Qualification Requirements for Safety and
Relief Valve Assemblies

QV-7610 Initial Considerations. The ranges of the
test pressure, temperature, and flow for the valve shall
be defined in the Qualification Plan and documented in
the Qualification Report.

QV-7620 Environmental and Aging Considerations.
For power-actuated pressure relief valve assemblies, the
actuptor must be environmentally qualified if the actua-
tor if relied on for the active safety function of the valve.
Environmental qualification of actuators is performed
in aqcordance with IEEE Std 323 and IEEE Std 382. Quali-
ficafion of other nonmetallic parts that are critical to
valv assembly performance may be performed in accor-
dange with Nonmandatory Appendix QR-B.

QV-7630 Seat Tightness

QV-7631 Seat Leakage. Seat leakage shall be
detgrmined at 90% of set pressure. The allowable leak
ratg shall be as stipulated in the Qualification
Spedification.

QV-7640 EndLoading. The pressute-containing por-
tiong of valves that are to be qualified to this Standard
shal| be designed to the applicablé Code selected by the
facility Owner.

QV-7641 End Loading for QV Category A Valve
Assgmblies. Not applicable to pressure relief valves.

QV-7642 EndjLoading for QV Category B Valve
Assemblies. ,End-loading qualification is not required
for QV Categoty B relief valves.

QV-7650 Seismic Qualification

(al_Seismic qualification is intended to demonstrate

(2) Nonmandatory Appendix QV-B provides a
methodology 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.

QV=7660—Functionat Quatificatiom—Furctional quali-
fication for pressure relief valve assemblies shall be as
delineated in ASME Boiler and Pressute\Vesgel Code
(BPVC) Section III, Subsections NB-, NC+, or IND-7000.
The rules of Section III also govern the extrapglation of
test results, as well as the extenSion of test gesults to

production valves.

QV-7661 Tests Priorto Initial Operation. Valve
assemblies shall be tested prior to initial instajlation as
delineated in ASME.OM Code, Mandatory Appendix L.

QV-7662 Postinstallation Verification(and IST
Baseline. After the valve assembly has been [installed
in the facility, the valve shall be tested as required by
ASME:OM Code, Mandatory Appendix I. The require-
ments)of para. QV-7662 are the responsibilify of the
Owner.

QV-7700 Qualification Requirements for Pyrgdtechnic-
Actuated (Squib) Valve Assemblies

QV-7710 Initial Considerations
(a) The ranges of the pressure, temperature, pnd flow
for the valve and the maximum sealing differential pres-
sure shall be defined in the Qualification Plan aphd docu-
mented in the Qualification Report (see Subsubarticle
QV-8310).
(b) The direction of pressurization shall be Hefined.
(c) When production valve assemblies can have dif-
ferent operating requirements, the Qualificafion Plan
shall envelop the requirements for the productfon valve
assemblies.
(d) The orientation of the valve assembly shall be as
required by the Qualification Specification; however, the
valve assembly may be mounted in a more congervative,
worst-case orientation, provided that a satisfactpry justi-
fication for the worst-case orientation decision is pre-

sented-in-the Oualification popr\v{-

the ability of a valve assembly to withstand loading
representative of the specified seismic load qualifica-
tion level.

(b) Qualification of valve assemblies shall be in accor-
dance with IEEE Std 344 or Nonmandatory
Appendix QR-A.

(1) For valve assemblies with extended structures
and IEEE Std 382-qualified actuators, static side load
testing may be used as one acceptable method of seismic
validation of the valve/actuator interface.
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(e) Design-limiting orientation may be different based
on various qualification attributes, e.g., seismic capabil-
ity versus functional capability.

(f) Specific aspects of the qualification of the valve
and actuator may be performed separately.

QV-7720 Environmental and Aging Considerations

(a) Environmental qualification of actuators shall be
performed in accordance with IEEE Std 323 and IEEE
Std 382, or a methodology justified by the user.

@an
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(b) As part of this qualification, the actuator squib and
propellant shall undergo environmental qualification,
including aging, to demonstrate the capability of the
actuator to provide the necessary force to operate the
valve under the full range of seismic, dynamic, environ-
mental, and aged conditions consistent with the reliabil-
ity assumptions for the pyrotechnic-actuated valve.

(c) Qualification of other nonmetallic parts, critical
to valve assembly performance, may be performed in

(e) In addition to end-loading qualification for the
valve assembly, the maximum stress intensity in the
attached piping at the pipe-to-valve junction shall be
limited as specified in subpara. QV-7441(c).

QV-7750 Seismic Qualification

(a) Seismic qualification is intended to demonstrate
the ability of a valve assembly (including its internal
parts and accessories) to withstand a loading that is

representative—of the specified seismicload—gualifica-
r r 1 ]

accordanjce with Nonmandatory Appendix QR-B.

(d) Based on their specific application, pyrotechnic-
actuated| valve assemblies shall be evaluated and quali-
fied for pubmergence, including actuator electrical sys-
tem funftionality, potential leakage into the actuator
squib ar|d propellant areas, and potential leakage into
valve méchanical operation areas.

QV-7730 Sealing Capability

(a) Fof sealing qualification, if applicable, a maximum
differentfial test pressure shall be established for the mea-
suremenit of leakage.

(b) Pressure on one side of the valve shall be relieved
to establlish a differential pressure in the specified flow
directior} or in the most adverse direction for bidirec-
tional vdlves.

(c) Lepkage shall be collected from the low-pressure
side of the valve.

(d) THe test shall be as long as required to determine
the leakgge rate but not fewer than 5 min.

(e) The Qualification Plan shall consider whether tem-
perature|and fluid conditions for the application of the
valve asfembly result in the need for further qualifica-
tion testjng.

QV-7740 End Loading

(a) Thie pressure-containing portions.of valves shall
be desighed to the applicable Code geleeted by the plant
Owner.

(b) All pyrotechnic-actuatgdyvalves shall undergo
end-loading qualification.

(c) The end-loading qufalification shall include evalu-
ation off the pyrotechnic loads when the propellant
charge i$ fired, and\the fluid reaction loads when the
valve is ppened.:

(d) One of thefollowing methods for the valve assem-
bly shali{z)e tsed for end-loading qualification:
(1)

alify analvtically the maximiuim load (forces

tion level.

(b) Qualification of valve assemblies shall be,in agcor-
dance with IEEE Std 323, IEEE Std, 344} or
Nonmandatory Appendix QR-A, as applicable.

(c¢) All essential-to-function acceSsories shall be
attached to the valve assembly.

(d) The essential-to-function aceéssories that have not

been previously qualified as‘part of the actuator aspem-
bly shall be qualified in accerdance with IEEE Std|323,
IEEE Std 344, or Nonmandatory Appendix QR-4, as
applicable.

QV-7760 Functional Qualification. The funct
qualification.of ‘a’valve assembly shall comprise thg
lowing activities:

(a) Establish a qualified valve assembly by qualiflying
a valve,assembly to function under a specified spt of
conditions.

(1) The specified set of conditions are those identi-
fied in the Design Specification.

(2) This qualification process is described belgw in
para. QV-7761.

(b) Develop a methodology to extrapolate the qulifi-
cation to another valve assembly.

(1) This effort involves analysis of the critical
acteristics in comparing the valve assembly under
sideration to the qualified valve assembly.

(2) This is described below in para. QV-7762.

(c) The production valve assembly shall perforjn in
the manner predicted by the qualified valve asserhbly.
This is described below in para. QV-7763.

QV-7761 Qualified Valve Assembly

(a) The functional qualification of a pyrotechnic-
actuated valve assembly is described in this Stanflard
as the qualification of the combined actuator and vhlve,
although specific aspects of the qualification mafy be
perfarmed separately

onal
fol-

har-
con-

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 shall design the system such that the load cannot
be exceeded.

(2) 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 shall design the
system such that the load cannot be exceeded.
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(b) The qualification of the functional capability of a
valve assembly shall be justified using a combination
of analysis and diagnostic test data.

(c) The following activities shall be performed to jus-
tify the qualification of the functional capability of the
qualified valve assembly:

(1) Identify the valve and actuator manufacturer,
type, size, materials (including actuator squib, actuator
propellant, and valve assembly internal parts and clear-
ances) for the valve assembly to be qualified.
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(2) Perform an internal inspection of the valve
assembly for material, surface condition, internal parts,
and critical internal dimensions. Evaluate design-lim-
iting tolerance combinations in the manufacturing pro-
cess, and verify that the valve assembly will operate as
designed.

(3) Establish any orientation requirements and sys-
tem piping constraints that are applicable to the qualifi-
cation of the valve assembly.
(4) Establish fluid conditions and stroke-time
reqyirements for which the valve assembly is being
qualified.

(56) Determine the system leakage limitations.

(6) Determine the internal leakage limitations of
palve assembly.

(7) Demonstrate the capability of the actuator squib
and [its electrical system to initiate the propellant under
the [full range of design-basis electrical, seismic,
dynamic, environmental, and aged conditions consistent
with the reliability assumptions for the pyrotechnic-
actupted valve assembly.

(8) Demonstrate the capability of the actuator pro-
pellant to provide the necessary force to operate the
valve under the full range of seismic, dynamic, environ-
merital, and aged conditions consistent with the reliabil-
ity assumptions for the pyrotechnic-actuated valve
assembly.

(9) Demonstrate structural capability of the valvé
assembly and its attachments to withstand the effects
of the actuation of the propellant and the injtiation of
fluid flow to perform its safety function.

(10) Demonstrate the capability of the valve posi-
tionjindication device and its electrical system to provide
the gppropriate valve position indi¢ation under the full
range of design-basis electrical, seismic, dynamic, envi-
ronthental, and aged conditjens:

(11) While collecting diagnostic test data (including
valve actuator thrust, fluid pressure and temperature,
stroke time, positionsindication, and electric actuation
pargmeters), initiate/the valve opening under static fluid
condlitions.

(12) While collecting diagnostic test data, initiate
the yalvetopening under applicable fluid temperature,
pre<sure, flow condmons, and env1ronmenta1 condi-
tions; alah
assembly for design-basis condmons

(13) Demonstrate the reliability of the pyrotechnic-
actuated valve assembly in avoiding spurious actuation
of the initiating squib and propellant, and the capability
of the valve assembly to withstand the structural effects
of an unintentional activation of the actuator.

the

QV-7762 Extrapolation of Qualification to Another
Valve Assembly. The extrapolation of the qualification
of the functional capability of a qualified valve assembly
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to another valve assembly shall be justified using a com-
bination of analytical comparison of physical attributes
and diagnostic test data.

QV-7763 Demonstration of Functional Capability of
Production Valve Assemblies. The functional capability
of the production valve assembly shall be demonstrated
by verification of the physical attributes, application,
and diagnostic test data of the production valve assem-

QV-7770 Postinstallation Verification |[and IST
Baseline

(a) After the production valve assembly has been
installed in the plant, the valve agsefnbly shall[be inter-
nally inspected by disassembly.orfemote meais to ver-
ify that the internal mechani§m)and surfaces of the valve
assembly are in their proper condition.

(b) The control system\shall be tested to denmponstrate
appropriate electricalperformance to initiate the pyro-
technic propellant directly or by simulation.

(c) A sample‘of the pyrotechnic propellant| shall be
test fired in-the valve or in a test fixture to demponstrate
its capability to operate the valve under desfgn-basis
conditions.

(d)~The requirements of this subsubarticl¢ are the
responsibility of the Owner.

QV-8000 DOCUMENTATION REQUIREMENT,]
QV-8100 Documentation Scope

(a) Qualification documentation is intended|to verify
that each valve assembly used in a nuclear faciljty appli-
cation is qualified to perform its designated [function
when used for its intended service. Qualificatign is sub-
stantiated by showing and explaining the relgtionship
between the service requirements and the testing and

0

analysis that are conducted as part of the qualification
program.
(b) A Qualification Plan, as described in Subarticle

of the qualification program.
(¢) A Qualification Report,
Subsubarticle QV 8310, is requ1red to docume

Valve assembhes W1th Sectlon QV.

(d) An Application Report,
Subsubarticle QV-8320, is required to document the suit-
ability of any qualified valve assembly and its produc-
tion valve assemblies for a specific nuclear facility
application.

as described in

QV-8200 Qualification Plan

A Qualification Plan, which may be part of the
Qualification Report, shall be prepared with appropriate

an
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