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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

gtiidelinesthatmay-be-usedtoenstre-thatactive- mechanteatequipmentisqualifiedfor-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 poweér
plant component replacements, modifications, or additions.

In the early 1970s, initial development of qualification standards was assigned to the ANSI'N45
Committee. 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’s valve task force (N278) was reassigned in 1974 to the American National
Standards Committee B16 and designated Subcommittee H. The first qualifi¢ation standard
to be issued for valves was ANSI N278.1-1975, which covered the prepatation of functional
specifications. In 1982, the task force was reassigned to the ASME Comnittee on Qualification
of Mechanical Equipment Used in Nuclear Power Plants (QME) and designated the Subcommittee
on Qualification 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 the Subcommittee
on Qualification of Valve Assemblies and the Subcommittee on Qualification of Pump Assemblies.
In June 1977, an IEEE/ ASME agreement was formulated giving primary responsibility for qualifi-
cation standards to IEEE and quality assurance 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 Facilities.

The various parts of ASME QME-1-1994 were approved by the American National Standards
Institute (ANSI) on the following'dates: Section QP, September 22, 1992; Section QR, June 8, 1993;
Section QR, Appendix A, Qcteber 7, 1993; Section QR, Appendix B, May 14, 1993; and Section QV
and its Appendix A, February 17, 1994. Section QV was a revision and redesignation of
ANSI B16.41-1983.

QME-1-2002 wa$ published in 2003. In September of 2003, it was recognized that the Standard
had aspects, suchyas the process for valve qualification, that could better use new computer
analytical techfiiques and that were proscriptive in nature. In addition, seismic qualification
needed to beupdated to recognize new industry guidance. New sections were needed on standard-
ization(0f \experience-based seismic equipment qualification and the qualification of dynamic
restraints. At the time, industry experience had demonstrated that qualification to QME-1 was
redquired 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.

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_QOME-1 is divided into sections that are desig-

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as

nated by capital letters: the letter Q, which stands for
qualificaftion, followed by a second letter that generally
indicateg the subject matter of the section. This Standard
consists jof three major sections as follows:
(1) Segtion QR: General Requirements
(b) Segtion QDR: Qualification of Dynamic Restraints
(c) Se¢tion QP: Qualification of Pump Assemblies
(d) Seftion QV: Qualification of Valve Assemblies

2 SECTIONS

Sectiohs are divided into articles, subarticles, para-
graphs,[and, where necessary, subparagraphs and
subsubppragraphs.

3 ARTICLES

Articlgs are designated by the applicable letters indi-
cated abpve for the sections, followed by Arabic num-
bers, such as QR-1000, QP-2000, and QV-6000. Wheneyer
possiblef articles dealing with the same topics are giveh
the sam¢ number in each section in accordance with the
following general scheme:

Articlel Number Title
1p00 Scope
2p00 Purpose
3000 References
4P00 Definitions
5p00 Qualification/Principles and Philosophy
6000 Qualification Specification Criteria
7P00 Qualification Program
8000 Decumentation

The npimbering-0f the articles and the material con-
tained ir} th€Zarticles may not, however, be consecutive.
Due to fherfact that the complete outline may cover

QR-8310 and QR-8320.

6 PARAGRAPHS

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

7 SUBPARAGRAPHS

Subparagraphs, when they are major subdivisions of
a paragraph, are designated by adding a decimal fol-
lowed by one or mofre'digits to the paragraph number,
such as QR-83213 or QV-8321.2. When they are nfinor
subdivisions,of a,paragraph, subparagraphs may be|des-
ignated by.lowercase letters in parentheses, sudh as
QR-8321(a)-and QV-8321(b).

8. "SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lofwver-
case letters in parentheses to the major subparagfaph
numbers, such as QR-8321.1(a) and QV-8321.1(b). When
further subdivisions of minor subparagraphq are
necessary, subsubsubparagraphs are designatefl by
adding Arabic numbers in parentheses to the pub-
subparagraph designation, such as QR-8321.1(a)(1) and
QV-8321.1(a)(2).

9 REFERENCES

References used within this Standard generally fall
into one of the following three categories:
(a) References to Other Portions of This Standard. When
a reference is made to another article, subarticle, or para-
graph, all numbers subsidiary to that reference shdll be
included. For example, reference to QR-5000 inclpdes

all material in Article QR-5000; reference to QR+{7300
includes all material in Subarticle QR-7300Q- referenke to

phases not applicable to a particular section or article,
the rules have been prepared allowing some 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-7320 includes all material in Subsubarticle QR-7320.

(b) References to the Boiler and Pressure Vessel Code and
to Other Standards. When a reference is made to any
Section of the BPVC, or to other standards, it shall be
understood to mean the designated article, paragraph,
figure, or table in the designated document. All such
references shall be identified in the text of this Standard
by the document’s issuing source and the document’s
unique identification number, e.g., ASME III
Subsection NF, IEEE Std 627, or 10CFR50 Part A. If

viii
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required, further reference to unique articles or para-
graphs of the referenced document may also be
described, e.g., ASME III Subsection NF paragraph
NF-3211.1(a). Each short reference made in the text shall
be described in more complete detail in Article 3000 by
issuing source, unique identification number, year of
publication being referenced, and full title, e.g.,
IEEE Std 382-1980, Standard for Qualification of Safety
Rel

ted Valve Operatars References listed without vear

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

(c) References to Appendices. Two types of appendices
may be used in this Standard, designated Mandatory
and Nonmandatory. Both types of appendices are desig-
nated by the prefix Q. This is followed by a letter, which
is the same one used by the section to which the appen-

of ppiblication suggest that the latest version of the refer-
encqd was utilized in the development of this Standard. It
shoIId be noted by users of this Standard that regulatory
requirements and Codes of Record for a particular
nuclear power plant may take precedence over refer-
encds used within this Standard. Section QR references

dtxappites, €.g,, QR Mandatory appendicey contain
requirements that must be followed in qualffication;
such references are then uniquely identifiéd by|a roman
numeral, e.g., Appendix QR-I and its/spectfic title.
Nonmandatory appendices provide informjation or
guidance; such references are designated by j capital
letter, e.g., Appendix QR-A, and'its specific tifle.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

ix

Not for Resale


https://asmenormdoc.com/api2/?name=ASME QME-1 2012.pdf

ASME QME-1-2012
SUMMARY OF CHANGES

Fn”nv\ring npprnvn] by the ASME Committee on Qualification of Mechanical F'nlnipmpnf Lised

in Nuclear Facilities and ASME, and after public review, QME-1-2012 was approved by the
American National Standards Institute on September 17, 2012.
QME-1-2012 includes the following changes identified by a margin note, (12).
Page Location Change
1,2 QR-1000 First paragraph revised
QR-3000 First IEEE reference updated
QR-4000 Definitions of design-basis event (DBE),
mechanical compenent, operating basis
earthquake (OBE), and safe shutdown
earthquake<(SSE) revised
4 QR-6000 In first patagraph, sequence of sentences
corrected by errata
6 QR-7340 Cross-reference deleted by errata
7-9 QR-A1000 Revised
QR-A2000 Revised
QR-A4000 (1) Definitions of power spectral density
(PSD) and system revised
(2) Definition of stationarity deleted by
errata
(3) Definition of stationary added by
errata
10 QR-A5200 Last sentence corrected by errata to read
“broadbanded”
11 QR-A5610 Cross-reference corrected by errata
QR-A5620 In last paragraph, cross-reference
corrected by errata
QR-A5640 Last cross-reference corrected by errata
14 QR-A6600 Revised
QR-A6R1{] Second Pnrngrqph revised
15 QR-A6900 Title and paragraph revised
16 QR-A7200 Title corrected by errata
20 QR-A7421 Last paragraph revised
23 QR-A8340 Appendix Attachments A, B, and C
deleted
24 QR-B1000 Second paragraph revised
QR-B3000 First IEEE reference updated
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Page Location Change
31 QDR-4110 (1) In subparagraph (c), in fourth line,
“Note that” deleted by errata
(2) Subparagraph (f) corrected by errata
to read “shall”
32, 33 QDR-4210 Previous Note added to subparagraph (c)
text by errata
QDR-4310 In subparagraph (b), sixth sentence
corrected by errata
34 QDR-6223 Subparagraph (e) corrected by erratar to
read “post-aging”
36 QDR-6226 First lines of subparagraphs.(a) and (b)
corrected by errata
38, 39 QDR-7200 Second sentence and\Cross-reference
corrected by erfata
QDR-7310 Subparagraph (b) corrected by errata
QDR-7320 Subparagraphs (d), (e)(5), and (e)(7)
corrécted by errata
40, 41 QDR-A2000 Corrected by errata
QDR-A5310 Suibparagraph (e) revised
QDR-A5320 Subparagraphs (a) and (b) revised
QDR-A5400 Subparagraph (b)(9) corrected by errata
42 QDR-A6000 Revised
45, 46 QP-1000 First paragraph revised
QP-3000 (1) API references updated
(2) HI address revised
(38) STLE address corrected by errata
QP-4000 Definition of operating point(s) revised
QP-6000 In first paragraph, last cross-reference
corrected by errata
47 QP-6700 First cross-reference corrected by errata
QP-6710 Subparagraph (d) revised
48 QP-6730 Subparagraph (b) revised
QP-7310 Subparagraph (b)(1) revised
19,50 QP-7330 Subparagrapit (b)) Tevised
QP-7340 Subparagraph (b)(1) revised
51 QP-A3000 Subparagraph (cc) revised
53 QP-B3000 Subparagraph (j) revised
54 QP-C3000 Subparagraph (f) revised
57 Table QP-E4200-1 (1) Table QP-E1 redesignated as
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Page Location Change

58 Table QP-E5300-1 Table QP-E2 redesignated as
Table QP-E5300-1
59 Section QV Title revised
QV-1000 First paragraph revised
60 QV-5000 Fourth line corrected by errata to read
s I I l s l 3 r7
QV-6000 In first paragraph, second line corrected
by errata to read “performance
characteristic”
61 Table QV-7300-1 (1) Table QV-7300 redesignated as

Table QV-7300-1
(2) General Note (c) added by“errata

62 QV-7440 First paragraph revised
63, 64 QV-7450 Subparagraph (b) réyised
QV-7461.1 (1) In subparagraph (b), end of last

sentence-d€leted by errata

(2) Subparagraphs (b)(1) through (8)
redesignated by errata as (c) through
(j)r2respectively

QV-7461.2 (BHn subparagraph (b), end of last
sentence deleted by errata
(2) Subparagraphs (b)(1) through (4)
redesignated by errata as (c) through
(f), respectively

66 QV-7470 Revised
67 QV-7540 First paragraph revised
69, 70 QV-7564 Revised
QV-7640 Revised
QV-7662 Revised
QV-8100 Subparagraphs (a) and (d) revised
72 QV-18000 Nonmandatory Appendix QV-A deleted
73-75 QVG-1000 Subparagraph (b) revised
QVG-2000 Revised
QVG-3000 (1) ASME Code Case OMN-1 deleted

(2) ASME OM added

(3) IEEE reference updated

(4) NRC Regulatory Guide 1.100 and
NRC Letter revised

QVG-5000 Revised
QVG-6200 Subparagraph (a) revised
QVG-6300 Revised
QVG-6400 Revised
76 QVG-6500 First paragraph revised
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77-79 QVG-7000
QVG-7100
QVG-7200

O\ Q110

Change
Revised
Subparagraphs (a) and (b)(8) revised

(1) In subparagraph (b)(1), text
redesignated as a Note
(2) Subparagraph (b)(4) revised

\WA A piosmav)

80 QVG-8200
QVG-8300

SPECIAL NOTE:

su{lt/ﬂlaélﬂt}ll (C) lCV;DCd
In subparagraph (d), Note revised
Subparagraph (b) revised

The Cases to ASME QME-1 follow the last page of this edition as a separate’section.
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QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT
USED IN NUCLEAR FACILITIES

Section QR
L]
General Requirements
(12) QR-1000 SCOPE Publisher: Institute of JEleétrical and Elelctronics
Tlis Standard provides the requirements and guide- Engineers, In.c. (IEEE)»445 Hoes Lane, Piscataway, NJ
line§ for the qualification of active mechanical equip- 08854 (www.ieee.qgg)
merjt whose function is required to ensure the safe
opefation or safe shutdown of a nuclear facility. Inaddi-  QR-4000 DEFINITIONS 12
tion| to requirements and guidelines put forth in this . y ] ) )
Starjdard, the active mechanical equipment shall comply active mechianical equipment: mechanical equlpﬂient con-
with the requirements of the applicable design and con- ~ taining moving parts, which, in order to accomplish its
struttion codes and standards. required function as defined in the Qualification
This Standard does not apply to electric components Specification, must undergo or prevent mechanical
sucH as motors, electric valve actuators, instrumentation, movement. This includes any internal compqnents or
and [controls, which are qualified by conformance with appu'rtenances th)se failure degrades the fequired
appfopriate IEEE standards. function of the equipment.
aging: the cumulative effects of operational, envifronmen-
QR-2000 PURPOSE tal, and system conditions on equipment during a period
The purpose of this Standard is to provide theé require- O}f time up to,f b}lt nlo t }nclu}ii ne ;ifemgn basis gvents or
merfts and recommended practices to ‘qualify active the process of simulating these effects.
medhanical equipment to meet specified functional  Application Report: documentation for a specifid applica-
reqirements during operation and during or after any  tion showing that the required pressure ratingg, qualifi-
postulated abnormal or accident tonditions. cation loading levels, and operating c¢ndition
capabilities are equaled or exceeded by the corfespond-
12) QR-B000 REFERENCES ing pressure ratings, qualification loadirgs, and
. ) . ] operating condition capabilities shown in the Fyinctional
is Section lists réference documents from which Qualification Report.
guidance, concepts;))principles, practices, criteria, and ) ) ) . )
parjmeters hage, been carried forward into this cand%d.czte ?quzpment: actlve. mechanical equlpmsnt to be
Stanldard. qualified in accordance with the rules of this tandard.
ANS$ 51.1:1988] Nuclear Safety Criteria for the Design Class 1E: the safety classification of the electrjc equip-
of| Stationary Pressurized Water Reactor Plants ment and systems that are essential to emergendy reactor
AN$ 52:1-1988, Nuclear Safety Criteria for the Design shutdown, containment isolation, reactor core cooling,
AT COTTtAITIIITeTT ATt Teactor teat Iculuwﬁ, ordre other-

of Stationary Boiling Water Reactor Plants

Publisher: American Nuclear Society (ANS), 555 North
Kensington Avenue, LaGrange Park, IL 60526
(www.ans.org)

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

IEEE Std 344-1987, Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Power Generating Stations

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
but does not include intervening elements in the compo-
nent support load path, such as electric motors and valve
operators.

demonstration: the provision of evidence to support the
conclusion derived from assumed premises.
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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 (the time may be specified in real time, number
of operating cycles, or other performance intervals, as
appropriate)

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
may also be called candidate equipment.

qualification: the generation and maintenance of evidence

Design Specification: a document prepared by the Owner
or the Qwner’s designee that provides a basis for the
design of 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
accidenttcondition function or whose failure could pre-
vent the|performance of this function.

functionality: ability of an active component to perform
the mechanical motion required to fulfill its specified
functiof 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 oper-
able or tp restore it to an operable condition.

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

margin: the amount by which the qualification'eondition
levels eXceed the service condition levels:

may: an pxpression of permission.

mechanicpl component: those items of a facility such as
pumps, yalves, vessels, and piping.

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

modificatjon: a change'in a system component or equip-
ment copfiguration.

natural dgingZaging that occurs within normal service
environmeénts g i i
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.

production equipment: equipment fabricated with the
same manufacturing techniques, materials, production
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specified service conditions in accordance with the qual-
ification specification.

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

qualification life: the period of timejprior to the start of
a design basis event, for whielyr the active mechahical
equipment was demonstrated to meet the depign
requirements for the specified service conditions. (Note
that at the end of the qualified life, the active mechahical
equipment shall be capable of performing the fun¢tion
required for the"postulated design basis and postdgsign
basis eventss

qualification\program: the overall cumulative proceps of
specifying, conducting, and documenting the results of
thosevactivities 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 or the qualifica-
tion specification that demonstrates functionality of the
active mechanical equipment.

Qualification Specification: the specification or portign of
the Design Specification that describes the qualifiction
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 cgndi-
date equipment definition above met in the qualificgtion
of the active mechanical equipment.

qualified parent equipment: equipment that has been guali-
fied primarily by testing.
safe shutdown earthquake (SSE): the vibratory seipmic
iy M (g7 Fthan the OBE) TOT 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.

shake table system: an assembly that is able to induce and
control seismic type motion into a test specimen and
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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.

tests: those testing activities conducted to specified ser-
vice conditions to demonstrate that such active mechani-

(c) evidence of successful completion of a
qualification

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

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

In a qualification program, aging and qualified life
shall be considered as described in the following
paragraphs.

cal ¢quipment can subsequently perform its intended

Tq establish active mechanical equipment qualifica-
tion| it shall be demonstrated that the active mechanical
equipment 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
Attive mechanical equipment shall be qualified by
one|or a combination of the methods described in
Artifle QR-7000. The requirements generally address a
single active mechanical equipmentiapplication, but
they| may envelop the service conditions for more than
one ppplication. In addition, a family of active mechani-
cal ¢quipment may be qualified by using one or more
of the qualification methods described in QR-7300 or
further described in aqqualification specification. Such
extehsion of qualifieation requires consideration of sig-
nifigant design parameters to establish the similarity
of the candidatedctive mechanical equipment to the
refefence acfive mechanical equipment.

Tlhe préssiire boundary integrity and structural sup-
ports of active mechanical equipment shall be qualified

in akcordance with the app]{nah]o r‘]ocign codes and

5200 Approaches to Qualification

QR-5310 Aging. Assessment of active'mechanical
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, erosion, vibrations dggressive chemical
attack, or wear. When one or more mechanismsfare iden-
tified as significant, the assessment shall be dev¢loped as
part of the overall qualification program. When natural
aging results are utilized in the qualification program,
it may not be necessary to conduct a detailed analysis or
evaluation to detérmine significant aging mechanisms.

An aging dnechanism is considered signififant if it
satisfies any Jof the following criteria:

(a) in Hormal service environments, the aging mecha-
nism. promotes the same malfunction as that which may
result from exposure to abnormal or design basis 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 in-service tes{/inspec-
tion 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 th¢ design
basis event

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

QR-5320 Determination of Qualified Life. Hor active
mechanical equipment with significant aging mecha-
nisms, a qualified life shall be established. Fpr active
mechanical equipment with no significant aging mecha-
nisms, the qualified life is equal to the design|life.

standards.

QR-5300 General Requirements for a Qualification
Program

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

(a) qualification requirements

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

The determination of qualified life shall be based upon
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)

(b) active mechanical equipment operating data

(c) previous test results for the same material and the
same type of service
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(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
equipment item may be changed during its installed life
where justified. For example, the qualified life of active
mechanical equipment may be limited by certain inter-

(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.

(g) Significant aging mechanisms, where known, shall
be identified. Nonmandatory Appendix QR-B provides

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 gpalification 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 devdlopment of an active mechanical equipment
qualification program. As a minimum, the following
shall be [included in the qualification specification:

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

(b) Agtive mechanical equipment description and
boundaty, including components that:are inside the
boundaily, and the physical orientation/location of the
active mechanical equipment shall be-specified. Attach-
ments, motor power connection,\séals, and control cir-
cuitry thjat cross this boundary-shall be described.

(c) Interface loadings.through attachments of the
active mjechanical equipment at the active mechanical
equipment boundary shall be specified for each
operating mode/In.the same manner, motor power or
control dignal.inputs, including those that deviate from
normal, ghall-be specified.

(d) The qualification specifications 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
and external pressures/temperatures, relative humidity,
radiation, vibration, corrosion effects, transients, etc.

supplementary details associated with the qualificdtion
of nonmetallic parts.

(h) Acceptance criteria for qualification shall'be speci-
fied to ensure satisfaction of the fundamental qualifica-
tion requirement. The acceptance criteria shall indlude
limiting values of input to, and perfermance required
from, the equipment under the required operating|con-
ditions, as well as environmefital parameter levelg

(i) Active mechanical equipment qualification docu-
mentation shall be_ificluded as described in
Article QR-8000.

QR-7000 QUALIFICATION PROGRAM

QR-7100 General Requirements

A qualification program shall be established based on
the active mechanical equipment’s qualification spgcifi-
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 erjsure
that qualification specification and acceptance criferia
are properly addressed as described in Article QR-$000.
In addition, the program shall ensure that qualificgtion
is properly addressed by testing, analysis, earthqpiake
experience data, similarity, or combined methods.

QR-7200 Review for Potential Malfunctions

The selection of methods for qualifying aqtive
mechanical equipment shall consider potential malfunc-
tions that would degrade the required functions as

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 quallifi-
cation method, rationale shall be provided to show that
the functionality of the active mechanical equipment
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.
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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 qualifica-
tion specifications. Testing of active mechanical equip-
ment satisfies qualification requirements if it accounts
for significant aging mechanisms, subjects the active
mechanical equipment to specified service conditions,
and demonstrates that such active mechanical equip-

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 testing is not practical and other supporting
data are available to support the analytical assumptions
and conclusions reached. Qualification by analysis may
also be used when only partial test and other supporting
data are available to support the analytical assumptions
and conclusions reached.

opefating time.

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,
seismic, accident (design basis event), and post-test
inspection when they are included in the Qualification
Spedification. Sequence of testing and acceptance crite-
ria dhall be established prior to testing.

mii{ can perform its specified function for the specified

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
erosjon or corrosion, overstress, and time compression
for gccelerated aging. The aging acceleration rate and
basis upon which the rate was established shall be
desdribed and justified. If natural aging is utilized, deter-
mingtion of significant aging mechanisms is not neces-
sary| Components subject to different aging mechanisms
of Wear or environmental degradation can be sepa-
rately aged.

QR-7312 Dynamic Loading. Qualificationof active
mechanical equipment for dynamic loadihgs, such as
but pot limited to vibration and seismic loadings, should
congider the requirements and general.approaches out-
lined in Nonmandatory Appendix QR-A and IEEE
Star{dard 344. Active mechanical equipment shall be
demonstrated capable of performing its defined func-
tion[before, during, or aftet aldesign basis event as speci-
fied|in the qualification’ specification. If specified,
fundtionality of equipment during a dynamic transient
shal| utilize the normal system fluid. Use of an alterna-
tive|fluid is aceceptable, if justified.

QR-7313Qualification. Interfaces and interrela-
tionghips-between components shall reflect the in-plant
configuration. Otherwise, active mechanical equipment

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

(a) Analysis may be used te'eliminate consjderation
of environmental stresses or aging effects whicl have an
insignificant impact upon active mechanical equipment
functional integrity.

(b) Analysis may\be used to extrapolate or qtherwise
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 utilized to simplify or extefd 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 Nonmandatory
Appendix QR-A, IEEE Standard 344, or other a¢ceptable
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 demonsgrated to
meet or exceed its specified function for desjgn basis
events and postdesign basis events at the epd of its
qualified life. The active mechanical equipment quali-
fied life shall be equal to the age of the eqpipment
assumed when performing the design bagis event
analysis

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 postdesign
basis events at the end of its qualified life. Active
mechanical equipment qualified life shall be equal to
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,

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
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

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME QME-1 2012.pdf

(12)

ASME QME-1-2012

in the candidate equipment, which are not represented
in the earthquake experience, then qualification meth-
ods other than earthquake experience may be required.

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

QR-

ion Tl Jdad

analysis, and earthquake experience or similarity pro-
vided partial qualification achieved under multiple pro-
cedures can be articulated in a logical fashion to justify
the overall equipment qualification. For example, where
size, application, time, or other limitations preclude the
use of a test on the complete active mechanical equip-
ment assembly, testing of components supplemented by
analysis may be used in the qualification process.

A—The-eandidate-equipment
shall be ¢onsidered 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 inptances of active mechanical equipment similar
to a typg that was previously qualified, which differs
only in dize or in the assembly or structure. The candi-
date actfve mechanical equipment may be qualified by
demons{rating 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 combination of test,

QR-8000 DOCUMENTATION

A Qualification Report shall be prepared.|The
Qualification Report shall establish that the adtive
mechanical equipment is qualified 0r”its applicgtion
and meets its qualification specification requiremerfjts as
defined in QR-6000. Documentation shall demons}rate
that

(a) the qualification requirements are satisfied

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

In addition, any aging processes not treated dyring
initial qualification, but addressed by in-service surjveil-
lance monitoring, shall be specifically identified.

Qualification documentation shall be prepared|and
maintained in accordance with the Owner’s appli¢able
Quiality Assurance Program.
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Nonmandatory Appendix QR-A
Seismic Qualification of Active Mechanical Equipment

SCOPE

Adsvzanced L ig]*\f Aater Reactor (AL ‘/\ﬂ?) First-of-a-Kind

ified to function when subjected to earthquake (seis-
loads.

QR-IZOOO PURPOSE

Tlhe purpose of this Nonmandatory Appendix is to
proyide the requirements and recommended practices
to demonstrate that active mechanical equipment in
nuclear facilities can function during or following a
desipn basis earthquake.

QR-A3000 REFERENCES

e references listed below have been used to obtain
guidance, concepts, principles, practices, and criteria in
the preparation of this Nonmandatory Appendix.

AS({E Standard 4, Seismic Analysis of Safety Related
Nhclear Structures

Publisher: American Society of Civil Engineers (ASCE);
1801 Alexander Bell Drive, Reston, VA 20191

(Wwww.asce.org)

ASNIE Boiler and Pressure Vessel Code,:Section III,
Appendix N, Dynamic Analysis Methods, The
Apmerican Society of Mechanical Engineers
ASME OM-S/G, Standards and Giiides for Operation
arjld Maintenance of Nuclear- Power Plants, Part 3,
Re¢quirements for Preoperational and Initial Start-Up
Vibration Testing of Nueléar Power Plant Piping
Syistems
isher: The American Society of Mechanical
Engineers (ASME),-Two Park Avenue, New York, NY
10016-5990;.Order Department: 22 Law Drive,
. Box 2900Q; Fairfield, NJ 07007-2900
(Www.asineorg)

EPRIl NP<5228-SL., Seismic Verification of Nuclear Plant
Equipment Anchorage (Revision 1), Volume 1:
Development of Anchorage Guidelines, June 1991

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

IEEE Std 344-1987, Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Power Generating Stations

Publisher: Institute of Electrical and Electronics
Engineers, Inc. (IEEE), 445 Hoes Lane, Piscataway, NJ
08854 (www.ieee.org)
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Engineering Project on Equipment) |Seismic
Qualification, Advanced Reactor Corporatioh (ARC),
April 1995
Kana, D.J., and Pomerening, D.J., NUREG/{R-5012,
Similarity Principles for Equipmient Qualifi¢gation by
Experience, July 1988
NRC Supplemental Safety Evaluation Reports on the
GIP, Revision 2, Corrected 2/14/92 (SSER Np. 2) and
the GIP, Revision 3; Updated 5/16/97 (SSER No. 3),
U.S. Nuclear Regulatory Commission
NUREG/CR-6464,, “An Evaluation of Method¢logy for
Seismic Qualification of Equipment, Cable Tfays, and
Ducts inl ALWR Plants by Use of Experienge Data.”
USNRE, 1997
Regulatory Guide 1.60, Design Response Spectra for
Nuclear Power Plants, U.S. Atomic | Energy
Commission, Washington, D.C., 1973
Regulatory Guide 1.61, Damping Values fo1] Seismic
Design of Nuclear Power Plants, U.S. Atomif Energy
Commission, Washington, D.C., 1973
Regulatory Guide 1.100, Revision 2, [Seismic
Qualification of Electric and Mechanical Equipment
for Nuclear Power Plants, June 1988
SQUG Generic Implementation Procedure (GIP) for
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QR-A4000 DEFINITIONS

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

acceleration design value (ADV): acceleration value that
may be used as an alternative response spectrum or
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time history to define seismic input for design of active
mechanical equipment.

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

alternative to response spectrum or time history to
define seismic input for design of active mechanical
equipment.

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 (Zero Period
Acceleration) or the cutoff frequency of the applicable
rpql')nnqp Qppf‘ffiﬂ'h

over a W

coherencd
relationd
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as a fun
0, for ur
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defines
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: the coherence function defines a comparative
hip between two time histories. It provides a
| estimate of how much two motions are related
tion of frequency. The numerical range is from
related, to 1, for perfectly correlated motions.

1 coefficient: the correlation coefficient function
i comparative relationship between two time
It provides a statistical estimate of how much
ions are related as a function of time delay. The
hl range is from 0, for unrelated, to 1, for related

juency: the frequency in the response spectrum

where thhe Zero Period Acceleration asymptote essen-

tially be
single-d
no ampl

bins. This is the frequency beyond which the
boree-of-freedom oscillators exhibit very little or
fication of motion and indicates the upper limit

of the ffrequency content of the waveform being

analyzed.

cycle: on
quantity;
damping]
tion meq|
linearitie
the vibrs
hundred
amount
single-d
position

e complete sequence of values of an alternatir(g

a generic name ascribed to the energy dissipa-
hanisms or small, otherwise unrepresented non-
s which reduce the amplificationtand broaden
tory response in the region of resonance. One-
percent critical damping is.defined as the least
of equivalent viscous _damping that causes a
poree-of-freedom systémto return to its original
without oscillation after initial disturbance.

device: aff item that is uSéd'in connection with, or as an
auxiliaryf to, other itéms of equipment on which it may
be mouijted.

earthquafce experience spectrum (EES): the earthquake-
based refponse spectrum that defines the seismic capac-
ity of a i
effective mass: the mass of the structure or equipment
that participates in determining the dynamic response
of the structure or equipment.

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

equivalent static load: an equivalent statically applied load
or acceleration based on a function of the peak of the
applicable response spectrum that may be used as an
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foundation: the structure that supports or otherwise{pro-
vides restraint to active mechanical equipment|and
buildings.
Fourier spectrum: the Fourier spectruntis’a compleX val-
ued function that provides amplitude-and phase ipfor-
mation as a function of frequency-for a time doiain
waveform.

fragility: susceptibility ofcactive mechanical equipent
to malfunction as a reSult”of structural or operatjonal
limitations or both\when subjected to dyngmic
excitation.

fragility level:the/highest level of excitation paramegters
that equipment can withstand and still perform the gpec-
ified fungctiens (note that the fragility level may indlude
the interdependence of amplitude, frequency, and tjme).

groumd acceleration: the acceleration time history of the
ground resulting from the motion of a given earthqyake.
The maximum amplitude ground acceleration is 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 characteristics, |and
functions for ensuring seismic ruggedness and defining
the bounds of active mechanical equipment include¢d in
a reference equipment class (see QR-A7421).

independent items: items of equipment which have djffer-
ent physical characteristics or experience different seis-
mic motion characteristics, e.g., different earthquakes,
sites, buildings, or orientations/locations in the Jame
building.
in-line active mechanical equipment: active mechanical
equipment whose loads are caused by the distribytion
system in which it is installed.

A-peth-streety seis-
mic forces from the active mechanical equipment centers
of mass through to the anchorage.

low-cycle fatigue: a progressive fracture or cumulative
fatigue damage of the material that may be inflicted by
fewer than 1,000 cycles of load because of localized stress
concentration at high strains under fluctuating loads.

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

(ZPA) or the cutoff frequency of the applicable response
spectrum.

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

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

Seismic Qualification Specification (SQS): the document

natual frequency: the frequency or frequencies at which
a bddy vibrates due to its own physical characteristics
(mass and stiffness) when the body is distorted in a
spedific direction and then released.

octage: the interval between two frequencies that have
a frgquency ratio of 2.

powgr spectral density (PSD): the mean squared amplitude
per hnit frequency of a waveform. PSD is expressed in
¢*/Hiz versus frequency for acceleration waveforms. In
this definition, g represents the acceleration due to grav-
ity, {e., 1 g is equal to 32.2 ft/sec’ (9.8 m/s?).

prohfbited features: design details, materials, construction
feattires, or installation characteristics that have resulted
in seismic-induced failure or malfunction of active
mechanical equipment at earthquake excitations up to
and [including the defined seismic capacity level.

qualification life: see definition in Section QR.

referpnce equipment class: a group of active mechanical
equipment sharing common attributes as defined-by a
set ¢f inclusion rules and prohibited features.

referpnce site: a site containing active mechanical equip-
mernt or items used to establish a referefice ‘equipment
clasg.

requjred input motion (RIM): the inpuit' motion in terms
of dither acceleration, velogity, or displacement
expilessed as a function of frequency, for which the active
mechanical equipment or €omponent is qualified for its
acceptance criteria.

requfred response spectritm (RRS): the response spectrum
issupd by the Owgteror his designee as part of the specifi-
catipn for seismically qualifying active mechanical
equipment,The RRS constitutes a requirement to be met
in qpalifying active mechanical equipment.

resonatiee frequency: a frequency at which peak response

that describes the seismic qualification requirgments to
be met in the qualification of the actiye ‘mefchanical
equipment.

sine beats: a continuous sinusoid, of ene frequepcy, with
its amplitude modulated by asihusoid of|a lower
frequency.

stationary: a waveform isclassified as stationpry if its
amplitude distribution,\frequency content, ahd other
descriptive parametérs are statistically constiant with
time.

structural diafpeter: the diameter of a circle hqving the
equivalentarea of the facility foundation.

structural ‘integrity: a condition describing an assembly
or grouping of active mechanical equipment r¢lative to
their ability to carry applicable loads within the limits
of acceptable structural behavior.

structure: a combination of physical members that makes
an item, such as a building or support, designed to
sustain a load.

system: an assembly or grouping of active m¢chanical
equipment that performs a specific facility furjction.

test response spectrum (TRS): the response spectrum that
is developed from the actual time history motipn of the
shake table or other dynamic input device.

transfer function: the transfer function is a comjplex fre-
quency response function that defines the dynagnic char-
acteristics of a constant parameter linear systern. For an
ideal system, the transfer function is the ratjo of the
Fourier transform of the output to that of a givpn input.
The output/input ratio function versus frequency is
called a transmissibility function.

zero period acceleration (ZPA): the high-frequency acceler-
ation level of the nonamplified portion of the fresponse

occurs In a SITUCtUre, COMponent, or system subject to
forced vibration.

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

rigid equipment: active mechanical equipment, including
the effects of the active mechanical equipment supports,
whose lowest natural frequency is greater than the fre-
quency value at the start of the zero period acceleration

spectrum is referred to as zero period acceleration or
generally called ZPA. This acceleration corresponds to
the maximum acceleration amplitude of the time history
used to derive the spectrum.

QR-A5000 EARTHQUAKE ENVIRONMENT AND
EQUIPMENT RESPONSE

This Section provides background on earthquake
behavior and methods for simulating seismic events.
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QR-A5100 Earthquake Environment

Earthquakes produce six degrees of freedom (three
translational and three rotational) random ground
motions. These motions, for design purposes, are charac-
terized by simultaneous but statistically independent
components, two horizontal and one vertical. The
strong-motion portion of the earthquake normally con-
sidered in design may last 10 sec to 15 sec, although the

measurable. Parﬂ']qnakp motion duration mav be consid-

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
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-A5500 Nonlinear Equipment Response

erably Ignger. For earthquakes with zero period ground
accelerafions in excess of about 0.35 g, the strong-motion
durationys often exceed 15 sec. The ground motion is
typically broadbanded and random, and amplified
responsg can occur over a frequency range of 1 Hz to
33 Hz.

QR-A5200 Active Mechanical Equipment on

Foundations

The vipratory nature of the ground motion (both hori-
zontal and vertical) can be amplified or attenuated for
in-structpire, mounted active mechanical equipment. For
ground motion, the alteration depends on the
system’s| natural frequencies of vibration (soil, equip-
ment support, and equipment) and the mechanisms of
damping and mass ratio between the equipment and
foundafion. The response spectra, which describe
ground motion, are typically broadbanded, indicating
that multiple frequency excitation predominates.
QR-A5300 Active Mechanical Equipment on

Structures

The gfound motion (horizontal and verticaljmay be
filtered by intervening building structures te_produce
either amplified or attenuated narrow band motions
within the structure. The dynamic response of active
mechanjcal equipment on structufes-may be further
amplifiefl or attenuated to an acceleration level many
times mpre or, in some instances, less than that of the
maximum ground accelerdtion, depending upon the
structur¢ and equipment damping, effective mass ratios,
and natyral frequencies;The narrow band response indi-
cates that single frequency excitation of active mechani-
cal equipment sdbcomponents can predominate.

QR-A54(00 Active Mechanical Equipment on Systems
(in Line)

Nonlinearity in active mechanical equipthent
response may exist in addition to the minor nonlinear
effects typically associated with damping. These noplin-
earities may be of a geometric nature, such“as rogking
or sliding, a working of connections and rattling of ¢om-
ponents, or a material behavior source, such as yieldling.
These effects may result in a significant change in ptiff-
ness as a function of load. If a system exhibits signiffcant
nonlinearity, such behavior.should be recognized|and
accounted for to accuratély)predict or bound the agtive
mechanical equipment\tesponse. If the nonlineatities
cannot be adequately)analyzed, testing is required.

Nonlinearity mdy also occur as a result of local vjbra-
tions, contactyorimpact of active mechanical equipment.
Such examples include the closing of gaps between the
active mechanical equipment and its suppor{s or
restraints and the high-frequency rattling of valves|sub-
ject tor piping interaction with supporting or adjdcent
active mechanical equipment on structures. When puch
nonlinear response conditions exist, the qualificgtion
procedure shall account for such behavior.

QR-A5600 Simulating the Earthquake

The goal of seismic simulation is to reproducq the
postulated earthquake environment in a realistic maphner
that is amenable for use in active mechanical equipinent
qualification. The form of the simulated seismic ihput
used for qualification of equipment by analysis or tegting
may be described by one of the following functjons:
required input motion, response spectrum, time higtory,
power spectral density, acceleration, or equivalent dtatic
load design value. This input may be generated fof the
foundation, floor of the building, or system upon wihich
the active mechanical equipment is to be mounted| It is
supplied by the Owner or designee to the manufacfurer
as a part of the Seismic Qualification Specification ($QS)
for that equipment, or it is generated by the manrfac—

Similar filtering of in-structure motion may occur in
flexible distribution (piping and ducting) systems. For
components mounted away from system supports, the
resultant motion may be predominantly single fre-
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

10

turer to generically cover future applications.
[e] rr

Because of the directional nature of seismic motion,
as well as the filtered response motion of structures and
in-line systems on which active mechanical equipment
may 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
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earthquake environment, these factors should be consid-
ered and incorporated as required.

by use of the peak spectral acceleration of the applicable
required response spectrum or the ZPA if the component
can be shown to be rigid. A coefficient of 1.5 times these

(12) QR-A5610 Required Input Motion. The test input . .
. . i . peak values is often used to account for multimode and
motion in terms of accelerations, velocities, or displace- .
. . A multiple frequency response. However, values less than
ments is expressed as a function of frequency, which is e o
C . . . . 1.5 may be used if justified (QR-A3000).
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 Hzto 33 Hz)  QR-A6000 SEISMIC QUALIFICATION
and shall be consistent with the voq111'vomon+c of IEEE R'EQ'U'I'R'EM'EN*S
Std p44-1987 (QR-A3000).
The seismic qualification of active meghanicpl equip-
(12) j\R-ASQZ;) R.eSfponse.SpeCtrULﬂ. The. response spec- ment should demonstrate the ability of the active
trunp provides information on the maximum response . hanjcal equipment to perform its'specified|function
of §1ngle-degree-of-freedom osgllators asa .functlon of during and/or after the time it isubjected to the earth-
oscl lat.or fre.quency an.d damping when subjected to an quake loadings defined in the seismic qualification spec-
inpyt time histor y motion. The freq.uency Con.tent as well ification. The most commonly uised methods for seismic
.ascic.}ﬂe pilak amplitude ZPA of the input motion are also qualification of active‘mechanical equipment are
mn 1,a’Fe : . described in this document. The methods are |grouped
Itjs important to recognize that the response spectrum into the following five general categories:
doeg not SuP ply the following .1nf0rr.nat1on: . (a) predict andrevaluate the active mechanicpl equip-
(a) the unique waveform or time history of the excita- .. perfopmance by analysis
tionfthat produ.ced it . . . (b) test thejactive mechanical equipment under simu-
(b} the duration of motion (this shall be given sepa- lated seiéhi? conditions
rately in the SQS) . . . (c) qualification of the active mechanical equipment
(c) the response of any particular active mechanical by Gk lati f test lysi s £ il
t durine a test y extrapolation of tests or analysis results frofn similar
equipment curing a te equipment (similarity)
Tlhe application of different waveforms shall meet the (d) qualify the active mechanical equipmerlt by use
reqirements of IEEE Std 344-1987 (QR-A3000). quaty ; qwp y
of earthquake experience data
QR-A5630 Time History. The expected form of.the (e) perform evaluations of the active mefhanical
motjon is generally obtained from existing or artificially equipment by combined analysis, test, and/or experi-
gendrated earthquake records. It may also be generated ence data
sucl] that its response spectrum will essentially match Each of the preceding methods may be used|to verify
a giyen response spectrum. For applicationjat any floor, the ability of the active mechanical equipment to meet
the {ime history record generated includes the dynamic  the seismic qualification requirements. The choice
filtefing and amplification effects-0f-the building and  should be based on the practicality of the mdthod for
othdr intervening support strugtures. the type, size, shape, and complexity of the eqpipment,
The mean squared amplitude-per unit frequency of  the available database, whether the required safety func-
the yibratory motion is characterized in terms of the  tjon canbe assessed in terms of structural integrfty alone,
Power Spectral Density,SB;, as a function of frequency. and the reliability of the conclusions. When the ppecified
Although, unlike the\time history, the PSD function  functions of active mechanical equipment requife a dem-
doeg not define thelunique waveform or duration of the  onstration of functionality during the earthq\ntake, the
excifation, it is\a_valuable tool. It enables significant active mechanical equipment specified function shall be
freqpency-dependent properties of the motiontobeseen  demonstrated during the strong-motion porti¢pn of the
at a[glance‘ftom one curve. If only one time history is earthquake.
used to@match a given required response spectrum, the The effects of active mechanical equipment repairs
PSD should be used to ensure proper frequency content and part replacements on the performance pf active
of the time history. mechanical equipment in the qualification programs
(12) QR-A5640 Acceleration or Equivalent Static Load shall also be considered.

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 (QR-A8200). When a
response spectrum is specified, the ADV is determined

11

QR-A6100 Design Basis Earthquake

The Design Basis Earthquake for which active
mechanical equipment shall be qualified is the SSE. Seis-
mic qualification for functionality for the OBE shall be
conducted if required in the Seismic Qualification
Specification by the Owner or designee. In such
instances, the methods and procedures contained in this
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Table QR-A6210-1 Damping Values: Percent of
Critical Damping

Earthquake Magnitude
Safe Shutdown

Operating Basis

available to measure damping. Considerable care shall
be exercised in making the transition from an idealized
model to a practical system. For example, it is rarely
possible to locate precise points in active mechanical
equipment that have exact correspondence with the

bbbl i Farthquake Farthquake lumped mass elements in a model. Some methods of
Equipment 2 3 calculating modal damping, such as the Q method, rely
Piping systems 5 5 purely on single-degree-of-freedom assumptions.
Welded steel structures 2 4 Damping is calculated directly from the maximum
Bolted stqetstroctures i ’ response at the resonance peak measure at any poi£1t in
the active mechanical equipment and the maghitudle of
the sine sweep input excitation. These methods ar¢ not
Appendjx may also be used to qualify active mechanical =~ generally acceptable since the response of points in
equipmgnt for the OBE. active mechanical equipment is usually determined by
the mode shape vector and participation factor for pach

QR-A6200 Damping

QR-AB210 Introduction. Damping is the generic
name agcribed to the numerous energy dissipation
mechanisms in a system. In practice, damping depends
on many parameters, such as the structural system,
modes of vibration, strain levels, velocity, material prop-
erties, joint slippage, etc. In linear vibration theory, the
simplifying assumption is made that damping is purely
viscous ¢r proportional to the relative velocity of moving
parts. THerefore, when a value of damping is associated
with a practical system, it is usually assumed to be
equivaleht viscous or linear. This is a convenient way of
relating feal-world hardware behavior, which is usually
nonlinedr to some degree, with theoretical concepts,
which nprmally utilize linear methods of analysis.

For adtive mechanical equipment composed .of an

may be fermed local damping:-The structural damping
that is typically defined for\tfse in seismic evaluations
is called|global damping/and is a composite of the local
damping values of the system. For such instances, it is
recommended thatthe best estimate values of structural
damping be usédin active mechanical equipment quali-
fication, |rather than some lower bound value. In the
absence [of’specific damping criteria, the values con-

vibration mode. The following methods for evalugting
the damping are commonly dsed, but other justiffable
methods may be used. These methods assume that a
single mode of vibration<can be excited in the aftive
mechanical equipment and that motion transducerp are
mounted at positigns other than at a point of gero
motion. In all casés, care should be exercised to dpter-
mine whethen'damping nonlinearity with responses
amplitudes significant.

QR-A6221 Damping by Measuring the Decay R

tion. This procedure is often referred to as the logari
decrement method.

of any desired location in the equipment is meas
and plotted as a function of frequency. The da
associated with each mode may be calculated by
surements of the width of the respective resonance peak
at the half-power point. This procedure is often refgrred
to as the half-power bandwidth method.

QR-A6223 Damping by Curve Fitting Methods. | The
active mechanical equipment is typically excitefl by
swept sine, random, or transient excitation, apd a
response transfer function is developed. The mpdal
damping to the actual frequency is obtained by fifting
a mathematical model to the actual frequency resppnse
data (transfer function). This curve fitting will smiooth

tained in Table QR-A6210-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-A6220 Measurement of Damping. Linear vibra-
tion theory indicates that there are numerous methods

12

out any noise or small experimental errors.

QR-A6230 The Application of Damping. Ranges of
damping, measured as described in QR-A6220, are valu-
able data for the active mechanical equipment designer.
Damping is used differently in analysis and testing in
active mechanical equipment qualification as described
in QR-A6231 and QR-A6232.

QR-A6231 The Application of Damping in Analysis.
In analysis, a mathematical model is made of the active
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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 QR-A6210-1, to obtain a
conservative estimate of response. In any case, there is
need to know the ranges of damping for the specific

satisfied, then the qualification is acceptable since under
this circumstance, it is conservative.

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

equipment and nature of nonlinearities and their ettect
on the response. Appropriate values of damping shall
be dptained from tests or other justifiable sources.

Itfis reasonable to state that actual damping is nonlin-
ear by nature. In most active mechanical equipment, it
is a function of response amplitude owing to such factors
as ipternal friction within material, or at connections
betWeen components, or Coulomb-type sliding friction.

QR-A6300 Required Response Spectrum

The response spectrum to be used in seismic qualifica-
tion of active mechanical equipment isthe fequired
response spectrum (RRS) as provided in thg Seismic

equipment. For in-line @ctive mechanical e

.For mal}}itic?l purposes% theie energdeissipation fdlémp' qualified in accordanee'with QR-A7400, the RRS is typi-
ng mechanisms may o ten > treated in ter.ms of inear cally the building filtered response spectrum af the dis-
dan|ping approximations if proper consideration is

given to the fact that these approximations vary, some-
tim¢s significantly, with increasing response. As an
exarpple, the use of low-impedance testing to determine
danfping shall be exercised with caution since at strong
motjon shaking, indicative of significant earthquakes,
the aforementioned factors may cause the real damping
to bg quite different and higher than that measured at
low [levels.

Gpnerally, most treatment of structural systemS
es viscous damping; however, certain cabinets-or

QR-A6232 The Application of Damping’in Testing.

ting, the active mechanical equipiment may be qual-
by subjecting it to a simulafed seismic motion as
ifhed by the required responsel spectrum (RRS). The

QR-A6400,Required Input Motion

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

The input to a distribution system is typically a ran-
dom excitation with broad frequency content. The
dynamic characteristics of the system amplify the excita-
tion at the system resonance frequencies and puppress
the other frequencies. The maximum response pccurs at
the predominant distribution system frequendes.

A method that meets the above seismic inpuf simula-
tion criteria for active mechanical equipment mounted

resppnse spectrum defines the seismic motion by way : T Rai .

of the peak response of an) array of single-degree-of- in the distribution system is either a sine beat|test or a
freeflom damped oscillators. Since the oscillators are relatively short duration sine dwell test at seyeral fre-
hyppthetical, any practical value of damping (e.g., 5%)  quencies. The minimum peak test amplitude| shall be

be employed inthe RRS for testing, and it need not
corrgspond tosthe actual active mechanical equipment
damping (Nefe the distinction from the use of the RRS
in apalysisswhere the value of damping shall be related
to tHe actual active mechanical equipment). The applica-
tionlefthe RRkS—and—the—te R
in selecting acceptable test motions is given in
QR-A7200. 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.

(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 QR-A7200 are

that which the distribution system is exppcted to
experience.
A series of continuous sine beats or sinusoid$ at vary-
ing amplitudes as defined by the RIM is recompmended
for qualification by test. To ensure the excitatjon of all
i i i eats 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.
For the cases where a component in a distribution
system is closely restrained by a support back to the
building or other supporting structure, RRS or response
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spectra techniques, as provided in QR-A6300, are recom-
mended for qualification rather than the RIM test proce-
dure just described, unless the RIM has been
conservatively established with regard to the RRS.

QR-A6500 Acceleration or Equivalent Static Load
Design Values

Active mechamcal equipment may be selsmlcally

rate design adequacy. The ADV are determined
as a furction of the peak of the applicable required
responsg spectrum or from the ZPA of the required
responsg spectrum if rigidity can be demonstrated. The
responsg spectral peak value should be multiplied by a
suitable foefficient that accounts for the potential effects
of higher modes or incomplete or missing modes associ-
ated with static versus dynamic mode shapes. For active
mechanjcal equipment supported at more than two
points, alcoefficient of 1.5 shall be used unless adequate
justification for a lower value is provided.

(12) QR-A6600 Differential Support Motion

In addlition to the inertial loading developed-from
seismic gccelerations, additional loads may be induced
on activp mechanical equipment supported at two or
more pdints which are undergoing relative support
motion fssociated with the motion_¢f the supporting
structurgs. In general, most activel\mechanical equip-
ment is pupported at a single point or because of the
relatively high stiffness and required elastic response to
earthqugke motions of nuclear facility structures, differ-
ential support motionscare usually negligible and have
little effdct on the seismic-induced forces on equipment.
Therefore, differential support motions are not normally
considerpd in thedseismic evaluation of active mechani-
cal equippment,“except for active mechanical equipment

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-A6610 Evaluation for Differential Support
Motions. The maximum relative support displace-
ments can be obtained from the supporting structure
structural response calculations or by using the applica-
ble floor response spectra.
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For the latter option, the maximum displacement of
each support shall be predicted by the relationship

Zg = Zﬂg/w2
where
g = gravitational constant
w = equal to the predominant frequency of the pri-

mary support structure in radians per second
f the
spectrum curve

The relative displacements between supports shqll be
determined by using the square root sum of sqgares
method if it is demonstrated that théy‘afe uncorrelated.
Otherwise, they shall be determiined by the abs¢lute
sum method.

For in-line components (e:g7, valves) supportedl by
both the line and primafy-structure, relative dispjace-
ments shall be determined by the absolute sum me]hod.

n

QR-A6700 Loads to Be Considered in Qualificati

The loads to)be’considered in the seismic qualificgtion
of active mnechanical equipment are defined ir] the
Qualification Specification. They shall be made pdrt of
the Seismic Qualification Specification required to [seis-
mically qualify the required function or performante of
the active mechanical equipment.

QR-A6800 Fatigue and Aging Considerations

QR-A6810 Fatigue. Equipment qualification for
multiple seismic events of lower levels than the reqgired
response spectrum, such as five OBEs, is achieved When
applying the methods of this Section to the evalugtion
of the single enveloping required response spectfum,
provided the equipment is shown to have no credible,
low-cycle fatigue failure modes considering the number
of specified earthquake cycles. For applications|that
involve fatigue-sensitive features, supplementary afaly-
sis is required.

Seismic loads, being vibratory in nature, give rige to
cyclic loading of components; hence, there is a potential
for fatigue-type failures. However, the number of I:xaxi-
mum stress cycles from a given earthquake is limjited.
This Appendix assumes for ASME Class 1 comporjents
life.
Thls cyclic input assumes the potentlal 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
for the material used in the equipment [e.g.,
ASME OM-5/G; see QR-A3000].

Not for Resale
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The use of this Standard for the qualification of equip-  static analysis. The methods described are most com-
ment fabricated from nonmetallic materials might not =~ monly used, but other methods may be used if they are
preclude fatigue failure for low cycle loading up to 60  justified. The general procedure is to

cycles. If such fatigue failure is possible, it is recom- (a) review the active mechanical equipment to assess
mended that such materials be qualified by separate  the dynamic characteristics

tests or use of acceptable alternative techniques to (b) determine the response using one or more of sev-
ensure no fatigue failure. eral methods described in the following sections

(c) determine the behavior (stresses, deformation, dis-
placements, rotations, loads, loss or initiation of contact
at interface, etc.) that results from the responsg

(d) compare the calculated behavior with thgse which
would ensure compliance with spécified function
requirements

The review stage shall take intd@ccount the omplex-
ity of the active mechanical equipment and the ddequacy
of analytical techniques to properly predict the equip-
ment’s functionality while subjected to seismjc excita-
tion. The response detetmination phase of the analysis
may take several paths; the first of which is defermined
It[is the responsibility of the Owner or his designee by the choice between the dynamic analysisl method
to ehsure that the method used to support the active (QR-A7120) and-static coefficient method (QR-A7130).
mechanical equipment when installed in the facility is  In generalgthe choice is based on the perceived|strength

QR-A6820 Aging. Aging in mechanical components
is agsoctated With COTTOSION, €T0SI0N, Wear, particte
dep¢sits, and embrittlement. In new construction, corro-
sionjand erosion are considered by providing additional
material thickness as a corrosion or erosion allowance
aboye that required in design. Aging effects for active
medhanical equipment shall be addressed to ensure
fundtionality for the life of the equipment.

(12) QR-A6900 Installation of Active Mechanical
Equipment in the Nuclear Facility

congistent with the support method used in the equip-  margin of the active mechanical equipment, $ince the
ment qualification and meets the facility design basis  static coefficient method, while easier and morejeconom-
requirements. ical to perform, is generally more conservative.

The mathematical models used for analysiq shall be
based on structural parameters which are calcfilated or
QR-A7000 QUALIFICATION METHODS on parameters established by test or a combination of

T[ these. They shall also represent the stiffness properties

and boundary conditions of the active mefhanical
equipment. The model shall be sufficiently r¢fined to
ensure mathematical representation of all significant
modes of vibration and allow the evaluation offall perti-

ere are five methods, listed below, that may be
applied for the seismic qualification of active mechanical
equipment.

(a) qualification by analysis

(b) qualification by testing nent failure modes. This shall entail sufficient|detail to

(¢} qualification by similarity illustrate relative motion of key points, couplling and

(d) qualification by earthquake experience data load transfer, etc. All significant active mefhanical

(e) qualification by a combination of the above equipment that interfaces with other equipmen{, compo-

methods nents, assemblies, or systems shall be consider¢d. These

interfaces shall include all significant eccentr]city and

QR-A7100 Qualification by Analysis torsion-producing phenomena, such as the gffects of
active mechanical equipment attachments.

QR-A7110 Introduction. Analytical procedures are The boundary condition of the mathematichl model

summarized/and referenced in this subarticle, which  and its interface with other equipment and syst¢ms shall
may| be used to demonstrate that active mechanical  be effectively coordinated with the characterigation of

equipment meet the specified structural integrity and  the seismic input. If not previously considergd in the
funwmmmmmmma shall
earthquake loadings defined in the Seismic Qualification  incorporate the effects of active mechanical equipment
Specification (QR-A8200). Analysis without testing or mounting and location (floor, wall, etc.), intervening ele-

earthquake experience data is acceptable only if struc-  ments and structures (supports, platforms, etc.),
tural integrity as defined in QR-A4000 can ensure the intervening systems (pipe, duct, etc.), differential sup-
design-intended function. Functionality analysis is lim- ~ port motion as discussed in QR-A6600, and excitation

ited to applications which can be quantified in terms of ~ from other sources. The damping, which is used in the
a parameter (e.g., gap clearance) that can be calculated  analysis, shall be provided in the Seismic Qualification
and a margin to loss of functionality can be established. ~ Specification.

Two approaches to seismic analysis are described. One Using the calculated response, one then determines
approach is based on dynamic analysis, the other on  the behavior of the active mechanical equipment in
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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 combined
with seismic effects, as appropriate, as defined in the

may be used as discussed in Appendix E of IEEE
Standard 344.

QR-A7130 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
(QR-A6500). The resultant inertial force, when the accel-

I - - — - — - eration-design-value-is-applied to-the mass-distribytion
active mpchanical equipment qualification specification. . © LI . o~
. i . . of the active mechanical equipment, is applied lif} the
Typicqlly, analytical methods of active mechanical S N - b .
4 A e . . three principal directions with a plus or minus serjsing
equipmént seismic qualification for functionality are :
to determine the worse resultant.

limited tp applications where all safety-related strength,
displacenent, and functionality features can be effec-
tively mpdeled and evaluated by analysis.

QR-A7120 Dynamic Analysis

QR-A7121 Introduction. The active mechanical
equipmgnt and supports shall be modeled to adequately
represenft their mass distribution and stiffness character-
istics. This model may be used to perform a modal
(eigenvalue) analysis to determine the active mechanical
equipment’s dynamic characteristics (frequency and
mode shapes). Alternatively, an incremented time step
solution|of the equations of motion may be used to
determine dynamic response. The time step integration
procedure, while relatively costly, has the ability for
direct d¢termination of multiple independent support
motions|and nonlinear response.

QR-A7140 Acceptance Criteria. Acceptance criferia
to be used in qualification by analysisshall be appli¢d to
the computed parameters associated with the identjified
failure modes, which determirie functional adequagy of
the active mechanical equipmeént. Acceptance crifteria
shall be established in thejihput specification reqjiire-
ment. Compliance with\thie acceptance criteria shdll be
demonstrated in the Qualification Report.

QR-A7200 Qualification by Testing

QR-A7210"Introduction. Seismic qualificatioh by
testing tequiires that the active mechanical equipinent
be subjected to a simulated earthquake motion tHat is
anticipated to occur at the active mechanical equipinent
mounting. The test shall demonstrate that the aftive
mechanical equipment will perform its specified flunc-
tion during and/or after the seismic event. The ngture

QR-A7122 Response Spectrum. The resporise’ of the simulated motion can vary significahtly,
spectrum analysis allows the response of interest (defor-  depending on whether the active mechanical equipment
mations) deflections, rotations, loads, stresses, strains, is to be installed at ground level or at some floor level

and initiption or loss of contact at interface)-to be deter-
mined by combining all significant modes\of vibrations.
A sufficient number of modes shall be included to ensure
an adeqpate representation of the eguiipment dynamic
responsd and reaction forces at sipports. An acceptable
criterion| for adequacy is that.the/inclusion of additional
modes does not result in ore than a 10% increase in
total response. The response is determined by combin-
ing each| modal respgnse by the square root of the sum
of the sfluares (SRSS) criterion, except where closely
spaced nodes aré€ encountered. Closely spaced modes
shall be gppropriately considered in the response evalu-
ation. Closely“’spaced modes are those with frequencies

within a building structure. Procedures necessaty to
carry out such tests with a reasonable degree of cofser-
vatism are in most cases quite complex. Detailed gﬂde-
lines for typical test procedures for electrical equipment
have been provided by IEEE Standard 344 since 1975.
Since those guidelines were applicable to equipmeht in
general, they have also been used for active mechapical
equipment. The policy of this Standard is to genefally
endorse the continued use of IEEE Standard 344, so
Section 7.0 of that document shall provide the detgiled
requirements for qualification of active mechamnical
equipment by testing, except as modified by|this
Standard in QR-A7240. Only some general statenjents

1 L ko of corntiniiibiz

differing by-109orTessof the TIextfower frequercy.

QR-A7123 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
12 data samples. Alternatively, a correlation coefficient
with an absolute value of less than 0.3 for all time lags

16

Azl 1aalia yaia for th FEPROPE B
wet-betreludedherer—forthesakeofcontirmiy
QR-A7220 Types of Tests

QR-A7221 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
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

(12)
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devices or at locations which provide a good indication
of structural modal characteristics. It is then subjected
to a suitable excitation, and responses are recorded.
Components which 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-
nance tests have been widely used for these tests. How-
ever, random excitation or even simulated earthquake
events may be used. Exploratory tests are not a require-

QR-A7232 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-
quency content (i.e., 1 Hz to 33 Hz) at ground level, but
with much narrower frequency content near building
natural frequencies, when representing filtered motion

ment for qualification directly and do not serve as the
basif for even partial seismic qualification, but their
resullts may be used in further development of proce-
durgs or in justification for qualification tests, or these
resullts may be part of a combined analysis experience
and [test approach, as described in QR-A7600.

QR-A7222 Seismic Proof Tests. In the past, most
actiye mechanical equipment qualification has been per-
fornjed by proof test methods. This approach requires
that the simulated earthquake motion at the active
mechanical equipment mounting represents that antici-

res

QR-A7223 Fragility Tests. Fragility testsvare con-

loading, in-lire-active mechanical equipment may also
be qualified\by required input motion (RIM) testing as
desdribed-in IEEE Standard 382.

QR-A7231 Preliminary Tests. Exploratory tests
described in QR-A7221 are usually performed prior to
conduct of the actual qualification test or qualification
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 per-
formed prior to the seismic test. This sequence ensures
that the active mechanical equipment is in the end of the
qualified life state at the time of the seismic qualification.

17

at building floor levels. Several characteristics df seismic
motion shall be noted when simulated wayefprms are
developed for testing purposes. These charactetistics are
understood to describe the motionpthat occufs at the
equipment mounting.

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

(b) Approximdtely stationary random motiqn occurs
during the stronig’motion. It is this part of the excitation
that causes-most damage to active mechanicgl equip-
ment. It{shall be sustained a minimum of the larger
of 15 sec or the duration of strong motion fluring a
qualification test.

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

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

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

Test waveforms that have the above charafteristics
may be generated by superimposing a variety of compo-
nent signals, such as sine dwells, sine beatsf narrow
band, and broadband random signals.

QR-A7233 Conduct of Test and Functionality.
Detailed procedures for preparing Seismic Qualification
Specifications and conducting seismic qualificafion tests

equipment shall be obtained from the manufacturers’
operating manuals and active mechanical equipment
specifications.

QR-A7240 Acceptance Criteria. Acceptance crite-
ria for seismic tests shall be based on the functional
requirements for the individual item of active mechani-
cal equipment. Acceptable ranges for performance varia-
tions shall further be evaluated in light of the
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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 which affect acceptance criteria shall be iden-
tified in the Seismic Qualification Specification. Numeri-
cal ranges for these variations shall be established and
compared with observed test values. Inability of an item
to function within acceptable limits during or after seis-
mic testing shall be noted as an anomaly. Thereafter,

may be used to qualify the similar active mechanical
equipment.

QR-A7330 Active Mechanical Equipment Similarity
for Comparison With Single Reference Active Mechanical
Equipment. Where qualification of an active mechanical
equipment item is achieved by extrapolation of qualifi-
cation results from a single similar reference active
mechanical equipment item, the extrapolation shall be

evaluatipn of the consequences of the anomaly may or babEd_ OIT STty of excitatiorn, physicat systenm) and
may noft lead to a conclusion that the item has function.
malfunctioned. QR-A7331 Excitation. Similarity of eXcitation|con-

QR-A7300 Qualification by Similarity

lified version. Furthermore, it may be shown
ctive mechanical equipment to be qualified is

7310 Test Method. A full test program, as
d in QR-A7200 and preliminary exploratory
tests (regonance search), as described in QR-A7221 are

stitutes likeness of the following parameters: spectral
characteristics, duration, directions0f excitation axes,
and location of measurement for-the motions relgtive
to the equipment mounting. Ideally, these parameters
should be as alike as is practi€al for excitations whose
similarity is to be established: However, a conservative
composite excitation may~be generated by extrajpola-
tions or interpolations‘of data whose parameters ar¢ not
identical but are jastifiable. For example, estimatesjmay
be based on mieasurements elsewhere on the strugture
or on other, structures in the vicinity of the given aftive
mechanjcal'équipment, when the estimates can be justi-
fied by calculations based on sound engineering npeth-
ods.using geophysical models, structural modelg, or
both; as applicable. Likewise, excitation whose spectral

conductgd on a typical piece of acti\{e mechanic.al equip- . ~content are significantly different may be used to gdner-
ment. Data on modal freq.uenc1es, d.ampmg, and .\ ate lower level composite estimates, provided thgt an
responsgs throughout the active mechanical equipment,  ,.count is taken of possible multiaxis response, cfoss-

shall be ftaken and recorded.

QR-A7320 Analysis. When it can be showsthat no

axis coupling, or both. Justification for such approxjma-
tions shall consider all modes of the active mechapical

resonandes exist in the frequency range of the'amplified equipment response that are significant in determining
responsgq, the active mechanical equipmentmay be ana-  its structural integrity and functionality. A sufficient jus-
lyzed as|a rigid active mechanical eqaipment. When a tification is that active mechanical equipment is stregsed,
resonarjce search is utilized, as§urance should be  excited, or both to at least as high a level by eachf one
obtained that adequate test methodologies are followed  of the component spectra used to create the lower level

to verify[the absence of resonarit frequencies. In addition,
assurande should be obtained that changes from the
originallly tested active mechanical equipment did not
result inf the formatipn\ef previously nonexistent reso-
nances. This may be'done by simple testing or analysis.

When(|the activé,mechanical equipment is not rigid,
the effedts of ‘the' changes shall be analyzed using the
techniqyes of QR A7100 or other ]ustlflable means. For
very co = 3 =
sufficient knowledge of the act1ve mechamcal equlp—
ment to include the significant structural parameters
to enable the responses at all points of interest to be
calculated.

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

18

composite spectrum estimate.

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

QR-A7332 Physical Systems. Active mechafpical
equlpment 51m11ar1ty shall be established for an aftive
a device, or both, or
subassembly (including mounting), depending on the
configuration of the new active mechanical equipment
to be qualified. For a complete assembly, similarity may
be demonstrated through comparison of make, model,
and serial numbers, and consideration of dynamic
response characteristics and construction.

Similarity of dynamic response characteristics may be
established by comparing the physical parameters of
the active mechanical equipment. This may be done by
comparing the predominant resonant frequencies and
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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
transferring characteristics and stiffness to resist seismic
excitation

(d)acti : g
stregth and stiffness to ensure structural integrity and
adequate boundary conditions

(e) documentation of the qualification process

QR-A7410 Characterization of Earthquake Experience
Motions

QR-A7411 Earthquake Motions. The earthquake
experience ground motions shall be characterized as
follows:

(a) Ground motion recordings or conservative esti-
ini i ntaining
reference active mechanical equipment are(tequired to
establish a reference active mechanical equipment class.

(e} active mechanical equipment interfaces with adja- The four reference sites should be seleéted ' frorh at least
centlitems or connecting accessories, such as cables and ~ four earthquakes.
conduits (b) The free field ground mofion of each teference
Absurance shall be obtained that active mechanical  site should be established by fecorded data within two
equ{pment modifications from previously qualified structural diameters of the site structure locafion. The
actiye mechanical equipment do not effect a change in recording location should_have the same geplogical/
the flynamic response characteristics of the item being geotechnical conditipns;as the reference site ptructure

qualified compared with the item used for similarity.

QR-A7333 Function. Active mechanical equip-
ment being qualified may be required to perform a safety
fun¢tion during and/or after an earthquake. The
reqiired function during the earthquake may, or may
not,|be the same as after the earthquake. Therefore, for
eacl] qualification, the required function shall be defined
during and/or after the earthquake. The available quali-
ficatfion data shall provide documented evidence to sup-
port the demonstration of proper functionality,\as
defihed, for each application. Where an active furction,
or apsence of a spurious function, is required during the

location. The measugement of two structural diameters
starts at the perimeter of the foundation. Estimates of
free field ground-motion for a reference site mi{: distant
than two sfryctural diameters from the recordfing loca-
tion or where there are no nearby recorded data may
be made, provided that the estimates are consefvatively
derived and justified. To make the ground molion esti-
mates for these two cases, multiple attenuation|relation-
ships developed using strong-motion recordihgs from
earthquakes with similar tectonic environmentp, crustal
properties, and seismological parameters are tqbe used.
The range of parameters used to develop the attpnuation
relationship shall encompass those of the refefence site

earthquake, the available qualification datashall provide ~ and earthquake. The appropriate level of congervatism
sound evidence that the candidate active) mechanical  is the average of the 5% critically damped [esponse
equipment will perform as requiredyin the system for  spectrum estimate obtained from each attgnuation
whi¢h it is being qualified. relationship.
(c) The ground response spectrum assigned to a refer-
QR-A7400 Earthquake Experience-Based ence site shall be the average of two orthogonal hori-
Qualification zontal components of the 5% critically damped fesponse
Pfocedures are presented in this Section to seismically spectra at the re.ference §1te. . .
. ) \ . . (d) The free field motion shall be considered an esti-
qualify active mechanical equipment by comparison L i . .
. . mate of the seismic excitation experienced by the active
with} the body of documented equipment performance

frorh facilities® that have experienced natural
earthquakes.

Qupalification based on earthquake performance
invalves-five steps that will be covered in the following

mechanical equipment at the reference site.

QR-A7412 Experience-Based Seismic Capacity.
The earthquake experience spectrum (EES) is a fesponse
spectrum that defines the seismic capacity of a feference

sections:

(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

active mechanical equipment class. The EES shall be the
weighed 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.

(d) qualification of the candidate active mechanical nZI NyAy,i
equipment by comparison with the reference active Agesi =~
mechanical equipment class 21 N,

"=
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where
Agps,i = spectral acceleration of the EES, at 5% criti-
cal damping, at frequency i
A, i = spectral acceleration, at 5% critical damp-
ing, at reference site n and frequency i
m = number of reference sites, a minimum of
four
N, = number of independent equipment items at

reference site n

Table QR-A7422-1

Number of

Reduction Factors

EES Reduction

Independent Items Factor
30 1.0
25 0.9
20 0.8
15 0.7

such that those features important to seismic
ess can be ensured, and any seismic vulnerabili-

(12) 7421 Attributes of Equipment Class. Inclu-
sion rulgs are the physical and operational characteris-
tics thaf define an acceptable range of equipment
physical characteristics, dynamic characteristics, and
functionp for ensuring seismic ruggedness and defining
the bourfds of active mechanical equipment included in
a refererfce equipment class.

The f¢llowing factors shall also be considered and
evaluat¢d when developing inclusion‘rules: active
mechanifal equipment type, weight, features, size and
shape, flinction, capacity rating, load path, governing
Y standards, materials{ natural frequencies,
e subassemblies, attached items or components,

active

the refefencé.active mechanical equipment class shall
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
component is located immediately adjacent to a distribu-
tion system support providing seismic restraint), a limi-
tation shall be applied in terms of an inclusion rule for
the reference equipment class.

Prohibited features are design details, materials, con-

struction features, or installation characteristics that
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have resulted in seismic-induced failure of the laftive
mechanical equipment to maintain its strucfural integ-
rity and perform its specified function at earthqfiake
excitations up to and including the,defined sei$mic
capacity level.

Prohibited features should include any attributes
would contribute to fatigue failure-from low cycle Igads.
The rules of this Section apply to active mechahical
equipment that may undergo five OBEs or aftershjocks
and one SSE, resulting inv60 full-range stress cycles|dur-
ing facility life. If a~Component contains items which
could experiencela fatigue failure from low cycle Ipads
(fewer than 60 full-range stress cycles), it shall be eyalu-
ated in accordance with QR-A6800.

QR-A7422 Number of Independent Items. Thg
erence’active mechanical equipment class sh¢uld
include a minimum of 30 independent items that|per-
formed satisfactorily. Independent items are corhpo-
nents and equipment which have different physical
characteristics or experience different seismic mg@tion
characteristics, e.g., different earthquakes, sites, bhild-
ings, or orientations/locations in the same building.

Where fewer than 30 independent items constjtute
the reference equipment class, the EES shall be redjiced
by the factors given in Table QR-A7422-1 to producg the
same statistical confidence level as a reference aftive
mechanical equipment class comprising 30 indepenident
items. The number of independent items shall n¢t be
fewer than 15.

QR-A7423 Functionality During Earthquake].
Where functionality during the earthquake is required
of a candidate equipment, an appropriate justificdtion
shall exist in the definition of the reference equipinent
class for this functionality. This justification shall dem-
onstrate one of the following:

that

ref-

8 uip-
ment class performed the required functions during the
earthquake.

(b) All of the equipment defining the reference equip-
ment class was functional after the earthquake, and a
quantitative assessment of functionality during the
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
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of similar equipment may be used to establish this quan-
titative assessment.

QR-A7430 Special Considerations

QR-A7431 Inherently Rugged Active Mechanical
Equipment. Earthquake experience shows that certain
types of active mechanical equipment possess high
resistance to seismic inertia loads. This may be the result
of inherent characteristics rpqnirpd to accommodate

QR-A7440 Qualification of Candidate Equipment.
The requirements for qualifying candidate equipment
using earthquake experience data are as follows:

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

(b) The RRS, as defined in the Seismic Qualification

opefational or shipping loads and the application of
expliicit design standards. Such active mechanical equip-
ment is inherently rugged. Where inherent seismic rug-
gedmess can be established through analysis, testing, or
earthquake experience, or where the seismic loads are
but & small fraction of the operating loads, the rules for
chatacterizing the reference equipment class (i.e., the
attriputes and number of independent items defined in

Specification, shall be derived from the Design Basis
Earthquake (QR-A6100). The minimum RR{ used in
earthquake experience-based seismic qualificafion shall
be a median-centered in-structure résponse spectrum.
(c) The candidate equipment shall be veriffed to be
within the inclusion rules of thexeference activelmechan-
ical equipment class.
(d) The candidate eqliipment shall be vefified to

QR-A7421 and QR-A7422) and the procedure for defin- exclude the prohibitedifeatures of the referenfe active
ing fhe seismic capacity of the reference active mechani- ~ mechanical equipment-class.

cal gquipment class (i.e., the EES defined in QR-A7412) (e) Candidate équipment of a newer vintage|than the
may| be simplified and reduced. In this case, the charac- ~ Treference active.mechanical equipment class|shall be
terigtics of the reference active mechanical equipment  €valuated forany significant changes in design, material,
clasp and the technical justification for the assigned ~ ©Of fabrication that could reduce its seismic capagity com-

capdcity level (EES) shall be developed and documented
as the reference data for this special case.

QR-A7432 Limitations. Earthquake experience-
bas¢d qualification is limited by the following
condiderations:

(a) Some types of active mechanical equipment-have
complex features, and their design varies signitieantly
with time. These applications require more defailed con-
sidefations of design variability, which may*render the
application of experience data impractical. In these
casep, other methods of qualification-shall be used.

(b) In certain cases, functions-such as operation dur-
ing jan earthquake or chatter of relays and contact
devices may be difficult toestablish from the experience
datg. In these cases, othet'méthods of qualification shall
be ysed.

(c) If there is insufficient sample size, diversity in the
samjple, or insufficient reference sites to adequately
defifhe an eqtiipment class, other methods of qualifica-
tion|shallbe\tised.

(d) Uselof earthquake experience data ensures active
mechanical equipment seismic qualification in combina-

pared:with the reference active mechanical equipment
class,

(f) The qualification of a candidate equipment shall
be documented as specified in QR-A8330.

QR-A7500 Test Experience-Based Qualificatign
(to be added in a later edition)

QR-A7600 Combined Qualification Methods

All of the qualification methods — experience data,
analysis, and testing — have their advantages gnd limi-
tations. For example, to qualify the active mechanical
equipment in question, it is necessary to show{ that the
like active mechanical equipment in the experiepce data-
base has experienced seismic inputs equal to dr greater
than the design basis of the component being qualified.
In general, this can best be examined by anfalysis to
develop the input seismic motion applicable to the expe-
rience database.

Results of a given particular active mechanidal equip-
ment qualification test may become a part of ap experi-
ence database. Strictly speaking, this qualifikcation is

npplingh]n onlv to the active mechanical eg 1ipment

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, testing, etc.

(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.
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tested. To extend qualification to similar active mechani-
cal equipment, itis necessary to consider potential differ-
ences in material properties, sizes, manufacturing
tolerances, clearances, and mounting characteristics.
When these differences exceed the limits of similarity
as provided in QR-A7300, 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.
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Loss of function of active mechanical equipment, how-
ever, cannot always be explained in terms of such com-
puted quantities. In such cases, experience data or
testing shall be relied upon to demonstrate functionality
or otherwise establish acceptable limits on those quanti-
ties which can be evaluated by analysis.

All three methods or combinations thereof may be
used to seismically qualify functionality of active
mechanical equipment. The decision as to the methods

QR-A8200 Seismic Qualification Specification
Requirements

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

(a) Therequired response spectrum (RRS) for the loca-
tion on which the active mechanical equipment is to be
mounted shall contain the data for the two horizontal
and one vertical axes as a minimum_ The RRS shall be

to be usg¢d to qualify a given piece of active mechanical

appropriately broadened or based upon a building in-

equipmgnt shall be left to the professional engineer or  structure response spectrum that was approprigtely
officer of the qualifying organization who approvesand  broadened. The RRS shall include the damping v4lues
signs the Seismic Qualification Report (QR-A8300). for which it was calculated.

Howeyer, nothing in this Appendix shall be interpre- (b) If RRSs are not furnished, accelération desigr| val-
ted as prpventing the author of the Seismic Qualification ~ ues; load coefficients; simplified wa%eforms, such aqsine

Specificgtion (SQS) from specifying in detail (in the SQS)
the metHod(s) or combinations of methods to be used in
seismically qualifying the active mechanical equipment

beats or sine sweep; or a time history shall be provided.
(c) The earthquake’s strong-motion time durdtion
shall be specified, in seconds,as well as the total nunber

covered |y the SQS. of cycles and cyclic profile:

(d) Active mechanical equipment mounting or [sup-
port details, including all interface connections, shqll be
described.

QR-A80DO DOCUMENTATION (e) A physical description of active mechanical equip-

ment shall.be provided.

(f) A clear description of the functional requirenjents

) for which the active mechanical equipment is to beseis-
QR-A8100 General mically qualified shall be provided. This descrigtion
The dpcumentation for qualification of each active shall include typical operational settings (or rangeq) for

mechanifal equipment type shall demonstrate that the

adjustable devices.
(g) Other loading and interface requirements tp be

active mechanical equipment performs its specified o
functior} when subjected to the seismic motions for accounted for sball be spe.c1f1ed.' ) )
which itlis to be qualified, including any required mar- (h) The environment in which the equipment is

gin. Thefrefore, proper documentation requires a clear
statement of the specific requirements and-an accurate
recording of the procedures and results of the analysis,
test, experience data, or any combination of these
methodd.
Two documents are required’ to demonstrate func-
tional sefismic qualification\ef’active mechanical equip-
ment: a feismic Qualification Specification and Seismic
Qualificption Report. The preparation of the Seismic
, Qualification Specification is the responsibility of the
“active njechanical’equipment Owner or his designee.
" The prepardtioh of the Seismic Qualification Report is
“the resp¢nsibility of the organization that performs the

designed to function shall be described.

(i) Acceptance criteria shall be specified.

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

1 be

QR-A8300 Qualification Report

The Qualification Report shall present a clear, logical
explanation of how the data contained in the Seipmic
Qualification Specification and resultant experignce,
analysis, tests, or combinations thereof have been fised
to achieve seismic qualification of particular aqtive
mechanical equipment. Toward this end, it shall coftain
the following information:

(a) Active mechanical pqnipmpnf hping qnal

fied

“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
Qualification Report is the responsibility of the manufac-
turer. It is the responsibility of the Owner to review and
accept the Seismic Qualification Report.
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shall be clearly identified.

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

(c) A detailed summary of the analysis, test, past
experience used, and results (including pertinent 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
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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-
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 mechanical equipment refurbishment that is per-
formed during seismic testing shall be documented in

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

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

the test report and reconciled by the active mechanical
equipment supplier. These data may become part of the
posfearthquake field maintenance checks and proce-
durgs for that active mechanical equipment.

(d) If analysis is used to qualify the active mechanical
equipment, the failure modes used to determine func-
tionpl 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
Quallification Report shall be identified and referenced.
(gp A dated approval signature shall be included.

R-A8310 Analytical Data. If analysis is performed

as tije qualification method, the method and data used,
and |failure modes considered, shall be presented in a
stepfby-step form that is readily auditable by persons
skilled in such analysis. Boundary conditions, including
ancloring and any other interfaces, shall be cleaily
defihed. Input/output data required to support.per-
formpance claims shall be included in the report”The
reacfion force(s) at the interface connection(s)to'the sup-
portl structure shall also be included.
Alstatement shall be made verifying thatthe computer
programs were validated on the computer hardware on
whi¢h the program was executed! Computer programs,
optipns, version numbers, dates,/and systems utilized
shal] be identified and documented.

QR-A8320 Test Data:\ If testing is used as the qualifi-
catign method, the tést\data shall contain the following
infofmation:

a time history of the table motion shall be proyided for
one test in each of the three directions of exeitafion from
the SSE testing.

(f) test results, including measured natural |frequen-
cies and conclusions (includimgsstatemenit of any
anomalies)

QR-A8330 Earthquake Experience-Based Qualifica-
tion Documentation. Theé qualification repprt shall
include

(a) a detailed description of the active m¢chanical
equipment to be qualified, including the essenfial inter-
nal componentstand devices.

(b) the required response spectrum at 59
damping,

(c) A detailed description of the referende active
mechanical equipment class, including

(1) characterization of the reference m
terms of a response spectrum

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

(3) characteristics of the reference active mechani-
cal equipment class

(4) inclusion rules and prohibited featuref

(5) function of the reference active mechanical
equipment class

(6) compliance to the requirements of this ftandard

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

(e) demonstration of integrity of equipment gupports,
load path, mounting, and anchorage shall bg demon-
strated and described.

critical

tions in

(a) active mechanical equipment being qualified . .
(1) tested, active mechanical equipment identifica- QR-A8340 Comb'“ejd Methods ‘?f Q_ual'f'CE tion. If (12)
tion|(incliiding devices) proof of performance is by a combination of methods

(2)>tested active mechanical equipment functional

described in QR-A7100 to QR-A7400, the regort shall
contain reference to the specific combined gualification

SpeLiﬁLaLiuu
(3) tested active mechanical equipment settings
and limitations when appropriate
(b) test facility
(1) location
(2) testing equipment and calibration
(c) testmethod and procedures, including monitoring
for functionality, and acceptance criteria
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method used and appropriate information contained in
each method as described therein. When extrapolation
of data is made from similar active mechanical equip-
ment, a description of the differences between the active
mechanical equipment involved shall be provided. Justi-
fication that the differences do not degrade the seismic
adequacy below acceptable limits, which may require
some additional analyses or testing, shall be included.
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Nonmandatory Appendix QR-B
Guide for Qualification of Nonmetallic Parts

QR-B1000__SCOPE

QR-B3000 REFERENCES

This Nonmandatory Appendix recommends a meth-
odology|and describes the documentation that should
be avail@ble in a user’s (generally a utility’s) files to
demonsrate the qualification of nonmetallic parts,
materialp, or lubricants (nonmetallics). It covers the qual-
ification|of nonmetallics in new equipment and existing
equipmgnt that is within the scope of the user’s mechani-
cal equipment qualification program.

It provjides guidance for the utilization of nonmetallics
test data, documented service life information, analysis
as a means of qualification, qualification testing of non-
metallic§, and the establishment of limitations on the
use of cprtain nonmetallics to ensure their acceptable
performance. It provides guidance on the factors to be
considered in qualifying equipment utilizing these non-
metallicg for service in nuclear facility environments.

This Nonmandatory Appendix addresses the steps for
the user fof the mechanical equipment to follow in order
to qualiffy and maintain the qualification of the nonme-
tallics that are a part of the mechanical equipment.

QR-B20p0 PURPOSE

The ppirpose of this Nonmandatory Appendix is to
provide |guidance for demonstrating and’ maintaining
the envifonmental qualification of monmetallics. It pro-
vides gujdance for the use of nonmetallic test data, docu-
mented| service life information, analysis, and
qualificaftion testing as meaxns of demonstrating the envi-
ronmentgl qualification of-nonmetallics.

This Nonmandatory, &ppendix is nonmandatory. It
provided recommended methods for the demonstration
and maihtenancé of the environmental qualification of
nonmetdllics. As'a nonmandatory recommended guide,
it contains. wording such as shall, should, and may. The
word shills used to denote a suggested requirement

IEEE Std 101-1987, Guide for the Statistical Antalydis of
Thermal Life Test Data
IEEE Std 323-2003, Qualification of 1E Equipment for
Nuclear Power Generating Stations
IEEE Std 627-1980, Design Qualification of Safety
Systems Equipment Used( in° Nuclear Pqwer
Generating Stations

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

QR-B4000 <DEFINITIONS

All defihitions are contained in QR-4000.

QR-B5000 REQUIREMENTS
QR-B5100 General

Normally, nonmetallics in mechanical equipmenit are
more susceptible to degradation resulting from noxmal,
abnormal, and accident environmental and service|con-
ditions than are metallic parts. The qualification of the
nonmetallics in mechanical equipment shall be dethon-
strated for the applicable postulated service and ¢nvi-
ronmental conditions to ensure that the equipment can
perform its intended safety function.

The nonmetallics shall be identified by their sp4cific
material name, manufacturer, manufacturer’s spgcific
compound, configuration, and their safety functign(s).
All of the environmental service conditions at the |oca-
tion of the nonmetallic shall be clearly defined. The gffect
of the process medium temperature on the life of the
nonmetallic should be evaluated for any projcess
medium whose temperature is higher than the highest
external environmental fpmpprah]rp Tpmpprafnrp rise

the word should to denote a suggested recommendation,
and the word may to denote permission, neither a
requirement nor a recommendation.

This Nonmandatory Appendix provides guidance on
the necessary documentation requirements that are spe-
cific to nonmetallics 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 qualification maintenance program for the
equipment in which the nonmetallics are used.
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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.

(12)
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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-B5200 Identification and Specification of
Qualification Requirements

Each nonmetallic shall be identified by material type.

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

QR-B5220 Internal Conditions. The internal condi-
tions depend upon the application of the mechanical
equipment 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 (b) process temperature
may]| be variations in degradation properties of nonme- (c) process pressure
talli¢s within the same generic material family. The fol- (d) process relative humidity

lowing are necessary to properly identify nonmetallics:

(e) process radiation

(a) commercial name/trade name of the material (f) mechanical stress

(b) manufacturer

(c) generic name/chemical name of the material QR-B5300 Selection of Qualification Methodp

(@ dimensions of the part(s) composed of the material Acceptable methods of\qualification are testing, anal-

(ef chemical composition of the material ysis, use of operating,experience, and comHinations

(f| manufacturer’s compound identification for the  thereof. The choice 'of qualification method will depend
matprial upon the severity.of the environmental and service con-

(g) material’s activation energy (in conjunction with  ditions and 4he Tesulting failure mechanismg for the
one |of the above identification methods only and that  nonmetallics) In some instances, it may also d¢pend on

is bc
the

sed on the material’s critical failure mechanism in
ntended service)

NOT[E: When properties for a specific material are not available,
the qualifier should choose data for materials of the same family
and failure mechanism as the materials in question. The qualifier
shallfprovide a basis as to why these properties are conservative;

The safety functions of each nonmetallic should be
spedified. Its location and function in the equipment
shodld be identified. The effects of failure, modes (the
component’s manufacturer should be consulted for
advice/assistance in making this determirtation) for the
nonmetallic should be evaluated«with respect to its
safefy function. Nonmetallics having no failure modes
undpr the specified environmental and service condi-
tion$ that affect the safety function of the mechanical
equipment may be excluded from qualification. How-
evet} the evaluation leading to their exclusion should be
recopded in the mechanical equipment’s qualification
docfimentation.

QR-B5210" External Conditions. The external service

condlitions.should be specified separately from the con-
igns ‘at)the location of the nonmetallic (internal to
echanical equipment

. The specification for the
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

25

the data ‘available to document qualification.

Analysis may be used when a well-defined model
exists for evaluating the effect of the environmé¢ntal and
service conditions on the nonmetallics. The usefof analy-
sis is simplified when the number of influencgs on the
nonmetallics is limited to one or at most two pafameters.
Operating experience may be used if it can be adequately
documented and shown to envelop the specified normal,
accident, and post-accident environmental angl service
conditions of the nonmetallic. Testing to simulated con-
ditions may be used when applicable analyticql models
do not exist or when the number of influenges to be

qualification record.
Following qualification, it may be necessat

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-B5500 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 of the nonmetallics in the
equipment

(b) description of its application/function in the

machanical - cauinrmant
+F Srtea—eqtapment

storage limitations, should be determined and recorded . , .
. e . (c) the equipment’s postulated internal and, éxt¢rnal
in the qalification documentation. - I
service conditions
QR-B5400 Preservation of Qualification (4) the Qualification Report .
. ] ) o ) (e) the qualified life of each nonmetallic

Once gualified mechanical equipment is installed, its (f) the qualification for replacementnoénmetallicq that
qualified condition should be preserved through appro- |, are not part of the original qualification
priate preventive maintenance, testing, and monitoring. (g) schedules and requirements for maintenafce/
Care shguld be taken to ensure that nonmetallics are = 0 o
exposed|to conditions that are no more severe than those . ; .
p hidh thev have b lified (h) shelf life preservatien requirements
or whig €y have been qualined. Qualification documentation should include as much

are expo
tion, th

ulated under the qualification program should be per-
formed fipon the installed component to preserve the
qualification of the component. Nonmetallics should.lse
replaced| prior to the end of their qualified lives:/Any
time thaft the nonmetallic is disturbed, such as:during
correctije maintenance, it shall be returned to‘the condi-
tion assiimed or simulated in the qualification. For
examplef disturbing crush seal O-rings-will require their
replacenfent. The maintenance progfam for the overall
component should ensure that allcovers, seals, etc., that
protect ponmetallics from the(ehvironment or inadver-
tent physical damage <are restored following
maintenpnce.

Failur¢ or unexpectediwear out of nonmetallics during
the service life of the-associated component should be
evaluated to detérmine whether the condition resulted
from a rgndom:defect or stress that was not fully consid-
ered dufing“fhe qualification. If the condition resulted
from sudh g e i i imi
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.
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detail as possible concerning assumptions and consjder-
ations made durifg the performance of the qualificafion.
Such details are of great use during the service life of
mechanicalequipment when further analysis and eyalu-
ation of ¢he 'qualification of nonmetallics is necessalry. It
should>also establish traceability and similarity t¢ the
testéd/analyzed materials for the nonmetallics thalt are
installed in the qualified component.

Article QR-B7000 describes the details of the docu-
mentation procedure requirements of this Appendjix.

QR-B6000 METHODS OF QUALIFICATION
QR-B6100 General

This article provides guidance on the applicatign of
testing, experience data, and analysis to qualify nopme-
tallics for their safety functions. Each of these methods
has certain strengths and weaknesses that the qualifica-
tion engineer should consider in selecting the fnost
appropriate method, or combination of methods, for a
specific component. It is the qualifier’s responsibili..[ly to
ensure that any qualification of nonmetallics is dofe to
the same margins as is required by QME-1 Sectionp QP
and QV, as applicable.

Testing at the actual conditions desired for qualifi

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

kg = Boltzmann’s constant

= 0.8617 x 107* eV/K
T: = 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 t

willprovide the most accurate and reliable qualification.
Ptior to selecting the method(s) to be used in a particu-
lar dualification application, the qualifier should evalu-
ate the potential failure modes of the nonmetallic(s) and
the gonsequences of that failure. Formalized approaches
to tlfis analysis, such as failure modes and effects analy-
sis, phould be considered. Such an analysis can assist
the fualifier in predicting the most probable failure
mode (such as tensile failure, compression set, and
othdrs) and the degree to which the degraded part can
perfprm its safety function.
In| order to be qualified to the criteria of this article,
the honmetallic shall demonstrate that after exposure
to ity normal and/or accident environment, it will retain
sufficient properties to perform its intended safety func-
tion| It shall have at least the specified minimum elastic-
ity, fensile or compressive strength, or other pertinent
property that the mechanical equipment manufacturer
deeIns necessary for it to perform its safety function.

QR-B6200 Arrhenius Model

Al recognized method of characterizing accelerated
thermal aging effects and estimating equivalent:damage
at sppecific time-temperature points is therapplication of
the [Arrhenius Model. This methodology~is described
below.

It|has been generally demonstrated that for many
nonfmetallics, the time-temperature degradation pro-
cess|can be described in a single temperature-dependent
reacfion that follows the Arrhenius equation:

k ="Avexp [-(E,/kpT)]

OIIC UI 'Ll < lllUDi. illlPUl i,dlli. abbullll.) i.iUl 15 UIl thh the
Arrhenius Model is based is that the activation energy
of the reaction remains constant over the,temperature
range of interest. Activation energies for most elasto-
meric materials are typically in the range of 0|75 eV to
0.85 eV. However, there is a great'déal of data pvailable
to the qualifier with higher andlower electropvolts. It
is the qualifier’s responsibjlity to review the pvailable
literature and databases\te”determine the eleftronvolt
most applicable to the material and the specific usage
for which it is beingqualified.

It is the respensibility of the qualifier to dptermine
the activatiofy energy of the material being qualified.
The manufacturer of the nonmetallic is normally the
primary source for this information. If the manpifacturer
is unable to provide the required information and the
qualifier uses data for similar materials, it shall be dem-
onstrated that the value selected is conservative for the
Mmaterial being qualified, intended use/configyration of
the material, and environmental conditions f¢pr which
the qualification is intended.
NOTE: Lower values of activation energy produce conservative
results when predicting lifetimes from accelerated aging tests. The

reasonableness of these results should be considered in tHe determi-
nation of the qualified life of the nonmetallic.

The Arrhenius Model is presented here becajise of its
wide acceptance in the determination of thernpal aging
effects. However, other models have also begn devel-
oped, especially by material manufacturers. It {s recom-
mended that the Arrhenius Model be used.

QR-B6300 Testing

Testing a nonmetallic at conditions similar|to those
for which it is to be qualified can provide a hiigh level
of confidence in its ability to perform its safety function.
Testing shall subject the nonmetallic to load copditions,

durations, and sequences that have been shown to be
atleastas severe as the conditions forwhich th ® nonme-

whejre
fA = frequency factor (assumed constant)
B, = activation energy, eV
exp _=~exponent to base e
k \= reaction rate
kg = Boltzmann’s constant

0.8617 x 107* eV/K
T = absolute temperature, K

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

tz = t] exp Ea/kB [1/T2 - 1/T1]

where
E, = activation energy of the nonmetallic, eV

tallic is to be qualified. Except as described in QR-B6310
and QR-B6320, the sequence of applied loads should
duplicate, to the extent practicable, the environment for
which the nonmetallic is to be qualified. A typical
sequence includes thermal aging, radiation exposure,
and operation under the qualification conditions of tem-
perature, pressure, humidity, and chemical environment.
The test sequence, whether as described above or some
other, shall be justified and documented as appropriate
for the qualification application.
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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.

During the qualification testing, typical conditions of
static and mechanical loads (including operating cycles),
chemical environment, radiation environment, tempera-
ture, and pressure shall be applied. The operating cycles

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-B6320 Radiation Aging. Radiation aging is used
in the qualification process to cause material degrada-
tion that is at least as severe as that which is anticipated
to occur in the service for which the nonmetallic is to

during 4ging (end-of-life conditions) should simulate
expected operation for the same interval as the acceler-
ated nojfmal life. Separate operating cycles should be
imposed during simulated accident exposure for equip-
ment that is expected to operate during and/or follow-
ing exposure to an accident or postaccident
environthent(s). The test conditions and duration of test-
ing shall] be as severe as the conditions for which the
nonmetdllic is to be qualified.

Consiferable data exist as a result of testing per-
formed py manufacturers and users of nonmetallics.
With prdper verification of the validity and applicability,

bequatified—Sinee-it-isfrequently-impractieat-toexpose
the nonmetallic to its end-of-life condition at ‘mofmal
exposure rates, it is permissible to accelerate the rgdia-
tion aging by exposing the nonmetallic to a higher dose
rate for a shorter length of time than, anticipatdd in
service. The maximum exposure rate.should be linpited
to a level that prevents excessive temperature rise ifi the
material and subsequent nontypical material progerty
changes. The effects of self-shielding and location of the
source(s) should also beCeyaluated and justified.| The
possibility that low-doserates experienced in actual ser-
vice may be more damaging than the higher nates
pred.

these dafa can be used in the qualification process. This ~ applied during gGalification should also be considgre

verificatjon should include a consideration of the physi- . Consideration should be given to the types Of radia-
cal and fhemical properties, test sequences, loads and ~ tion (beta, gatma, etc.) that the equipment and its on-
load cofbinations applied, durations of loads, and metallics. will see in service. These types of radijtion

potential synergistic effects. A sound basis shall be pro-
vided fofr accepting testing sequences other than those
stated alpove.

Other [factors to consider include the size and shape of
the nonrhetallic being tested, amount of the nonmetallic

shall be addressed in any testing program and the apjpro-
priafe exposure requirements established by| the
qualifier.

QR-B6330 Mechanical Wear Aging. Mechanical
wear resulting from operating cycles is an impoftant

exposed|to the test environment, and variation of the qualification consideration. It is desirable to perform the
material| properties within the specific material com-  \0qr cycles during the accelerated thermal and radigtion
pound. The effect of a given environment onone"prop- aging process to account for any transitory progerty

e material shall not be used to infer the effect
of that ¢nvironment on other properties unless the
approprjate correlation is justified.

The upcertainties inherent in the_test methods, test
facilitiesf assumptions, and judgmeénts concerning se-
quences|of loads applied and.other factors should be
considerpd when establishing’/qualification margins.

QR-H

erty of t

6310 Thermal Aging. Thermal aging is
imposedon nonmetalli¢s to approximate, during qualifi-
cation t¢sting, the thermal degradation expected over
the life of the nenmetallic. This testing can be performed
at the tempetatures expected during the life of the non-
metallic lorfcan be accelerated to some extent by sub-

changes. The qualifier should consider the fact that ajccel-
erated aging (thermal and radiation) may impose djffer-
ent loadings and material property characteristics oh the
nonmetallic. If it is determined that this is the fase,
mechanical wear aging should be performed under(con-
ditions that more accurately reflect actual operatingfcon-
ditions. Wear-aging testing should address|any
lubrication requirements for the nonmetallic being
tested. The wear cycles should be imposed in comlpina-
tion with the other loads anticipated in actual serjvice.
However, if this is impractical, the wear-aging cycles
may be applied during another part of the qualificgtion
process, provided that the deviations from the antici-

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
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 QR-B6200.
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pated operating sequences are justified.

QR-B6400 Use of Experience

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

Without further testing, the experience data shall ade-
quately demonstrate that the criteria stated in QR-B6100
for demonstration of qualification can be met.

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

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

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

(e) limitations on the qualification

6500 Qualification by Analysis

Npnmetallics may also be qualified through the use

of apalysis. Analysis may be used to show that test
or gxperience conditions are more severe than those
to which the candidate nonmetallic is to be qualified.

Analysis is also used to determine the loads that are to
be gpplied in the qualification process. It can also be
used to demonstrate that specific load combinations are
appfopriate for a given qualification activity. The analyt-
ical [techniques used should be based on sound engi-
neeffing principles and should have been verified by

7100 Documentation for 'Qualification by
Operating Experience

identification ofdhe specification for the non-
llics for which eperating experience is available

QR-B7200 Documentation for Qualification bL(
Analysis

(a) description of the analytical thethods, domputer
codes, or mathematical model used’ and the nmethod of
verification :

(b) description of the assumptions and empij
used, along with the apprdpriate justifications :

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

(d) conclusions, including any limitations on
qualification

ical data

QR:B7300 Documentation for Qualification by
Combined Methods

When combined methods of qualification ¢
the appropriate requirements of QR-B7
QR-B7200 shall be complied with.

re used,
|00 and

QR-B7400 Documentation of Modifications
Changes That Can Affect Qualific
Nonmetallics

ion of

ade dur-
be docu-
n of the
be docu-
ermined

All modifications to qualified nonmetallics ny
ing the installed life of the component should
mented by the component user. The evaluati
modification’s effect to the nonmetallic should
mented, as should any requalification that is de
to be necessary.
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Section QDR
Qualification of Dynamic Restraints

QDR-]_ODD SCOPE break awau: the force rpr}niror*] todnitiate movement in
Sectioh QDR contains the qualification requirements one direction.

and guildelines for ASME Code qualified dynamic candidate restraint: those components qualifiéd)thrgugh

restraint| assemblies. Restraint assembly items may be  extension of parent qualification.

qualified as part of a restraint assembly or qualified  dead band: the free axial movement of the restfaint

separate]y. It is the responsibility of the Owner or the  between the two activation levels in Opposite directjons.

Owner’q designee, hereafter referred to as the Owner,
to specify those restraint assemblies to which this Section
will be dpplied.

The s¢ope of this Standard is limited to hydraulic
snubbe1s, mechanical snubbers, and gap restraints.
Restrainf assemblies and restraint assembly items quali-

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

dynamic restraint: any restraint that, by design, Has a

primary purpose of cofitrolling dynamic movement of
a pipe or component.

fied in gccordance with this Section shall meet the  gap: the physicaldistance the pipe or component|will
requirenjents of Section QR. Where the requirements of ~ travel along-{he restraint axis before movemeht is
Section| QDR conflict with the requirements of restricted.

Section|QR, the requirements of Section QDR take parent réstrnint: components used to initially qualjfy a
precedence. given design.

QDR-1100 Boundaries of Jurisdiction

All el¢ments of a restraint within the Boundaries of
Jurisdictfjon are within the scope of Section QDR. The
Boundatfies of Jurisdiction are defined as pin-to-pin<of
the restrpint.

This dualification standard augments, but-does not

rated-load: the design load capacity for the restraint bpsed
on the use of Level A Service Limits definedl by
ASME Boiler and Pressure Vessel Code Section III

release rate: the rate of the restraint axial movement
the activation of the restraint under a specified 1o4

hfter
d.

spring rate: the linear approximation of the relatiorfship

replace, the requirements of ASME Boiler and-Pressure  of the load displacement characteristics of the restfaint.
Vessel Cpde (BPVC) Section III, Subsection NF. stroke: the maximum available axial movement of the
device.
QDR-20p0 PURPOSE
The piirpose of Section QDRis)t6 define requirements QDR-4000 QUALIFICATION PRINCIPLES AND
and provfide guidelines for the qualification of the design PHILOSOPHY
of the dynamic restraintfassembly. Initial qualification The fundamental principles and philosophy [per-

shall be|achieved by-testing and analysis in order to

taining to equipment qualification are providgd in

provide fissurance that-the restraint in service shall func- Section QR, Article QR-5000 and apply to mechahical

tion as rpquired<ungder all specified design conditions. equipment in general. Qualification requirements [spe-
A fungtional-specification for dynamic restraints that  cific to the restraint assembly or restraint assembly ifems

specifieg theZfunctional parameters and general per- are contained in Articles QDR-5000 through QDR-7000

formante {requirements provides the basis for of this Section

qualification. Restraints are used to control dynamic system

QDR-3000 DEFINITIONS

These definitions establish the meaning of words in
the context of their use in this Section and supplement
those listed in Section QR.

activation: the change of condition from passive to active,
in which a snubber resists rapid displacement of the
attached pipe or component.

30

responses. Ideally, under a steady or continuing force,
the system or component supported by restraints will
move freely, as if the restraints did not exist. However,
when a force is applied suddenly, restraints will control
dynamic responses so that the stresses in the supported
system will not exceed allowable code limits.

The basic characteristic of a dynamic restraint is its
ability to develop a force-displacement relationship dur-
ing dynamic loading that will restrain the movement of
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the component. The qualification program for dynamic
restraints will adequately define the level of this force-
displacement relationship at various operating frequen-
cies. Additionally, the qualification program may predict
the degradation of these force-displacement relation-
ships when subjected to operational and severe environ-
mental conditions, such as high-cycle fatigue, humidity,
dirt, dust, spray, radiation, or other environmental con-
ditions. Each restraint device will have different func-

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 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
a restraint. Some restraint designs may not have an active

tionpl parameters that will be specific to its operation
and [that will govern the level and degree of qualification
needed to define this force-displacement relationship.
The[qualification program shall identify the key func-
tionpl parameters to be qualified for the specific restraint
typdidentified. Some typical values of the more common
fundtional parameters requiring qualification for identi-
devices are contained in Nonmandatory
Appendix QDR-C.

Vibration of piping systems has a detrimental effect
on the long-term performance of a restraint. System
vibrptions may result in reduced fatigue life and possibly
incre¢ased restraint aging.

e load-displacement relationship is used by design-

triggering characteristic but instead rely en| passive
inherent nonlinear response. In such cases,'this|test, and
the determination of the dead band;woulgl not be
applicable.

(b) Release rate is the velocity at which festraint
motion occurs after activationhas taken place.|It can be
measured during the activation-test of the restraint. The
release rate magnitude dépends upon the loadjng mag-
nitude and is an indication of the recovery rdte of the
restraint as it returns’to the inactivated condifion. The
release rate magnitude needs to be determined for sev-
eral levels up to.the faulted load in both direqtions, all
at a specifiestemperature.

(c) Bréakaway can be determined using a [load cell

ers for the modeling of restraints in a system analysis  to measure the force required to initiate movemfent. True
and/in turn, adds to the validity of the system analysis. =~ break'dway can only be determined in one direftion per
The|spring rate is a simplified expression of the force- _ test sequence. In laboratory environments, thig test can
disglacement relationship of the restraint under the  “be performed with adequate controls, butfit is not

actign of a cyclically applied load equal to the magnitude
of the rated load in both tension and compression. The
sprifg rate may vary as a function of the frequency,and
magnitude of the applied load.

Sqction QR-7340 describes qualification byt similarity
analysis. Nonmandatory Appendix QDR-B of this
Sectjon contains typical parameters, to be considered
when qualification is to be established by similarity.

QDR-4100 Hydraulic Snubbers

Hjydraulic snubbers are component standard supports
used to mitigate the effects of a dynamic event. These
devices allow for relatively unrestricted movement at
low [velocities, typical of thermal growth rates. They
confrol displacement velocities by passing a fluid
medium thfeligh some form of controlled passage or
orifice frenrthe high-pressure portion of the fluid system
to a Jower pressure portron of the dev1ce The controlled

ton/ prston rod. These dev1ces typlcally provide some
means of accommodating fluid expansion/contraction
due to ambient temperature changes and may accommo-
date fluid volume differences associated with single pis-
ton rod designs.

QDR-4110 Functional Parameters. The functional
parameters of snubbers are essential for the users to
design their systems. These parameters are activation
level, release rate, break away, drag, dead band, load

31

intended to be performed as any part of an ip-service
operability testing program.

(d) Drag can be determined using a load cell to mea-
sure the force required to move the restraint at f specific
velocity. Testing shall be performed in both directions.

(e) Dead band can be determined by measqiring the
distances traveled by the restraint before it acfivates in
opposite directions. The dead band can have h signifi-
cant effect on performance at all load levels. It is therefore
prudent to measure it with the associated lgading at
several levels, up to the rated load.

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

(g) Spring rate shall be determined dyngmically.
Additionally, a static spring rate may be detejmined if
required. The applied loads in tension and conjpression
divided by the recorded dlsplacements in tenkion and

1ding dead
band. Methods of spring rate determmatlon shall be
identified in the Functional Qualification Report
(QDR-7310).

(h) The amount of stroke 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 amount of stroke is predicated on what
the pipe analysis indicates is appropriate. The stroke
is the physical distance the pipe will travel along the
restraint axis.
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(i) While the rate of fluid loss in hydraulic restraints
is not strictly a functional parameter, it is important
because hydraulic restraints will not function properly
without hydraulic fluid. An acceptable limit for the fluid
loss rate is important to the qualification of a restraint
and therefore shall be considered in the functional speci-
fication and subsequent testing.

QDR-4200 Mechanical Snubbers

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

(g) Spring rate shall be determined dynamically.
Additionally, a static spring rate may be determined if
required. The applied loads in tension and compression
divided by the recorded displacements in tension and
compression describe the spring rate, including dead
band. Methods of spring rate determination shall be

Mechdnical snubbers are component standard sup-
ports uspd to mitigate the effects of a dynamic event.
These devices allow for relatively unrestricted move-
ment at Jow velocities, typical of thermal growth rates.
They comtrol displacements, displacement velocities, or
accelerafion levels by mechanical means.

identified in the Functional Qualification Report
(QDR-7310).

(h) The amount of stroke is typically digtated by the
amount of thermal movement (in the nestraint’s pxial
direction) experienced at the location whére the restpaint
is to be used. The amount of stroke is prédicated on yhat

. . the pipe analysis indicates is appropriate. The sfroke
12) QDR-4210 Functional Parameters. The functional e pip 1alysts  ARpFOP
. is the physical distance the pipe will travel along the
parametprs of snubbers are essential for the users to restraint axis
design their systems. These parameters are activation (i) The effects on the above functional parameterd due

level, brpak away, drag, dead band, load rating, and
spring rgte, as applicable to the individual design.

(a) Adtivation of the restraint is triggered when the
design ¢haracteristic (a velocity or an acceleration)
reaches fi predetermined value in either direction. The
activation level is determined by rapid application of a
single difrection load of increasing velocity. Only a small
fraction pf 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 and
the det¢rmination of the dead band would not:Be
applicable.

(b) Release rate is the velocity at which.réstraint
motion ¢ccurs after activation has taken place.It can be
measurefd during the activation test of the\restraint. The
release rpte magnitude depends on the-loading magni-
tude angl is an indication of the réc¢very rate of the
restraint|as it returns to the inactivated condition. The
release rhte magnitude needs to'be determined for sev-
eral levells up to the faulted\load in both directions, all
at a spedific temperature’

(c) Br¢ak away can-be determined using a load cell
to measyre the force'required to initiate movement. True
break away can énly be determined in one direction per
test sequencesIn‘laboratory environments, this test can
be perfofmedwith adequate controls, but this test is not
intended t0 be performed as any part of an in-service

to any form of lubricanttused shall be considered i the
functional specification and subsequent testing.

QDR-4300 Gap Restraints

Gap restraints are nonlinear devices. The restraint|pro-
vides a gap, which can be set for the predicted thefmal
moveraents of the piping at the installed location. [This
gapwill allow free thermal expansion, or the devic¢ can
be'set so that there is a compromise between thefmal
movement and dynamic gap (i.e., some thermal move-
ment is restrained to lessen the amount of dyngamic
deflection allowed). After the gap is closed, a forge is
generated when the contact surfaces engage. When the
dynamic movement of the pipe is reversed, the :Eaipe
moves back through the gap until the gap closes i the
opposite direction. The opposite contact surfaces [then
engage, and a force is generated.

QDR-4310 Functional Parameters. The functjonal
parameters pertinent to gapped restraints are gap [size,
spring rate, fatigue of springs, friction, and load rating.

(1) Gap size is typically dictated by the amount of
thermal movement (in the restraint’s axial direcfion)
experienced at the location where the restraint is o be
used. The intent is to allow free thermal movement|(i.e.,
impose no normal loading on the piping) while|still
restricting dynamic movement. The amount of gap is

nredicated on what the pine analvsis indicates is ad pro-
I N Y I

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.

(e) Dead band can be determined by measuring the
distances traveled by the restraint before it activates in
opposite directions. The dead band can have a signifi-
cant effect on performance at all load levels. Dead band
should be measured with the associated loading at sev-
eral levels, up to the rated load.

32

priate and can be smaller or greater than the predicted
thermal movement. The gap size is the physical distance
the pipe will travel along the restraint axis before move-
ment is restricted. The gap is analogous to the dead
band of a snubber.

(b) Deflections 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
requirements. Spring rate in a gapped device is defined
by its characteristics after the gap is closed and loading

(12)
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begins. Spring rates may differ in tension and compres-
sion and shall be noted. Through testing, the manufac-
turer shall establish the spring rates. Methods of spring
rate determination shall be identified in the Functional
Qualification Report (QDR-7310). For gap restraints that
have load-limiting capability, the spring rate may change
at a predetermined load. For these restraints, there is no
increase in load with additional displacement.

(c) An evaluation shall be made to determine fatigue

The procedure of QDR-6300 is based on the applica-
tion of a comprehensive analytical modeling procedure
that must be verified by the results of the parent restraint
testing program. The program must show applicability
to the selected candidate restraints. This extension of
qualification is based upon the conditions that both the
parent and candidate restraints use the same design
concept and that the rules of QDR-6300 are fully satis-
fied. The use of QDR-6300 is not obligatory in the sense

life ¢f springs used in the device. Testing and/or analyti-
cal ¢valuations can be used.

(d) Friction could be developed as the device moves
thrqugh its gap. Friction loads shall be determined
through testing.

(e} Load rating may be determined by test or analysis,
in pccordance with ASME BPVC Section III,

that all restraints may be qualified by testing §s parent
restraint assemblies; however, if QDR-6300, is'lused for
the extension of parent restraint qualifieation tq a candi-
date restraint qualification, all provisiorts of JDR-6300
must be complied with for the cahdidate restiaint.

QDR-6200 Parent Restraint-Qualification

Subgection NF. QDR-6210 Approach to/Qualification. Thelintent of
parent restraint qualification is to provide genefic quali-
fication of a given.restraint assembly dedign. An

QDR-5000 FUNCTIONAL SPECIFICATION Application Report, as described in QDR}7320, is

(a) The Owner shall provide a functional specification ~ required to provide documentation that each of the pro-

to dpfine the required performance characteristics. The
perfprmance characteristics shall include the acceptable
values and ranges of restraint functional parameters and
antifipated environments. Typical content of a func-

duction restraints is qualified for a specific application.

In any‘qualification program there is a concerp that the
unit selected for testing is exceptional. Testingmultiple
units,~fandomly selected if possible, may redluce this

tiorfal specification is shown in Nonmandatory .SoDcern. The Owner shall establish the numbef of units
Applendix QDR-A. The functional specification shall be requirgd for sa.ltisfalctory qualifica.tion. Te.sting pf ml.ll.ti-
recopciled with the Design Specification in accordance ple units provides increased confidence in rep¢atability
with ASME BPVC Section III. Subsection NE. of the test results. Additional conservatism| may be

added to the anticipated service requirements to add

(b} A restraint design’s suitability to meet the require- . .
. e ™ . further confidence in the component. If one|or more
merts of the functional specification for a specific appli- . . . .
N . . L units fail to meet the requirements, an analysis|to deter-
catign is required to be documented in an“Application . . . . .
- . mine the reason for failure is required to proyide data
Repprt as described in QDR-7320. . .
for design changes. Since the test program coyld result

QDR-6000 QUALIFICATION PROGRAM
QDR-6100 General Requireménts

Sqction QDR provides two basic methods for qualifi-
catign of a restraint assembly. A restraint may be quali-
fied|by a program’of-testing and analysis to become a
qualified parentiestraint assembly, or it may be qualified
by ah extensionof a qualification program that has been
preyiously\performed on a similar parent restraint
assembly.

in considerable usage of the restraints, tested uhits shall
be inspected and appropriately refurbished| prior to
actual service.

Overloading of restraints could take place unfler some
accident conditions. The restraint should fail in § manner
that would not result in undesirable stress or ptrain on
the piping system. The margin to failure due to qverload-
ing conditions is designated as the ultimate Joad and
shall be furnished by the manufacturer. Ultinjate load
capability shall be determined analytically arjd/or by
testing as permitted by the governing codes ar{d design
specifications.

(al_QDR-6200 may be used to provide functional qual-
ification of a parent restraint assembly through a testing
program. The testing is intended to demonstrate that
a restraint assembly can perform its required function
under conditions specified in the functional
specification.

(b) QDR-6300 may be used to provide functional qual-
ification of a wide range for candidate restraint sizes by
extension of the parent restraint qualification. This is
accomplished through demonstration of design similar-
ity and analysis.

33

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

QDR-6220 Testing. The qualification program shall
specify the functional parameters and environmental
variables to be measured. The functional parameters
shall include those specified in Article QDR-4000. The
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environmental variables shall include temperature,
humidity or steam-water condition, special thermal
transients, external pressure, and radiation as applica-
ble. The application of a low-amplitude, high-frequency
vibration shall be included as an environmental require-
ment. Testing shall include all loading conditions
defined in the functional specifications.

The spring rate is a function of the load direction,
extension of restraint travel, and amplitude and fre-

QDR-6223(a) through (f) in the described sequential
order. Any deviations shall be justified in the Functional
Qualification Report. Additional testing may be inserted
within this sequence as appropriate. The testing
sequence, except as noted in the previous sentence,
shall be

(a) pretest inspection

(b) pre-aging functional parameter testing

(c) aging and service condition simulation

quency gf the dynamic loading, as well as environmental
conditiops. The spring rate is determined by subjecting
the test finit to dynamic cyclic tests over an appropriate
frequendy range. The temperature extremes anticipated
in servide shall be reproduced for testing.

QDR-6221 Installation and Orientation. The parent
test restrfaint shall be supported by its normal mounting
points tg permit testing in accordance with QDR-6222.
The qudlification program shall specify the way the
restraint|is to be mounted for testing.

If spherical bearings are utilized for connection, the
toleranc¢ between the inner bearing hole diameter and
diametet of the pin shall be specified by the restraint
manufa¢turer. The connection of the restraint is not
designed to transmit moments and must allow for erec-
tion misplignment, in-service pipe movement, or both.
There sHall be no binding or interference between the
mating fonnection parts within the specified angular
cone. THe design of the connection shall be such that
movement of the pipe attachment in the direction of the
load is thinimized in the connection.

The pfogram shall require that the restraint unijt be
mounted in a manner that simulates its expected setvice
applicatfon. The test restraint assembly may be.mounted
in a congervative worst-case orientation, provided that
a satisfagtory justification for the worst-case orientation
decisionlis documented in the Fungtional Qualification
Report.

The ptovisions of QDR-6300"shall be used to extend
parent flestraint qualification to various candidate
restraint| sizes. The parent.restraint test program shall
include measurement.instrumentation as necessary to
satisfy a]l the requirements of that subarticle.

QDR-6222 «Test and Monitoring Equipment. The
test shal] be conducted and monitored using equipment
adequat¢ for“detecting changes in the variables. The

(d) intermediate inspection without disassenmbly,
maintenance, or modifications

(e) post-aging functional parameter testing

(f) post-test inspection

Pretest inspection shall include, but is'not limited to,
a thorough dimensional inspection-of ‘all componpnts.
These dimensions shall be recordedfor comparison with
the post-test dimensional inspéction.

Intermediate inspection.shall consist of visual ingpec-
tion for loose, broken, or.corroded components, fittjngs,
fasteners, etc. Signs of:fluid loss should be noted, wihere
applicable. No activities that could repair or mit{gate
any degradatiomshall be performed.

Hydraulic:Snubbers. All parameters described in
QDR-4100 shall be determined at the recorded foom
temyperature and a temperature of 200°F (93°C) of the
specified maximum design temperature, whichevir is
higher. Temperature correction factors for highér or
lower temperatures shall be documented where agpro-
priate. Temperature shall be recorded at the beginning
and end of each of the tests. The tests shall be perforjmed
with the restraint at the mid-stroke position unless other-
wise required.

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

(b) The release rate shall be tested and recorddd in
each direction at 5%, 10%, 25%, 50%, and 100% of fated
load and at the emergency load.

(c) The break-away drag shall be determined af the
initiation of the drag test in each direction or during a
test performed specifically to determine break-gway
drag. The force corresponding with the initiatiqn of
movement shall be recorded.

(d) The r‘]rag shall be determined in each diredtion.

QDR-6223.1 Functional Parameter Testinifor

qualification program shall specify the testand monitor-
ing equipment to be used for the qualification and
describe the accuracy within the anticipated range. The
test and monitoring equipment shall be calibrated and
documented against auditable calibration standards.
The data-recording equipment shall have sufficient
speed, sensitivity, and capacity to permit measurement
of the time dependence of each variable.

QDR-6223 Test Sequence. Qualification testing
shall be in accordance with QDR-6200 and include tests

34

The values of the drag and the velocity shall be recorded.
Drag shall be performed throughout the entire range of
travel to demonstrate drag characteristics.

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

(f) Where it is impracticable to perform multicycle
dual-direction, faulted-load dynamic testing, one-cycle
dynamic loading tests shall be performed subsequent
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to all other tests. The restraint shall be centered about the
Y stroke location and at each end of the manufacturer-
recommended useable stroke. A loading amplitude
equal to the faulted loading shall be performed to dem-
onstrate adequacy of the response. The force, displace-
ment, and velocity (or acceleration as appropriate) shall
be recorded. Any damage or other anomalies shall be
noted and evaluated to determine the effects of faulted
loads on the operability of the restraint.

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

(f) Where it is impracticable to perform multicycle
dual-direction, faulted-load dynamic testing, one-cycle
dynamic loading tests shall be performed subsequent
to all other tests. The restraint shall be centered about the
Y, stroke location and at each end of the manufacturer-

(gp The spring rate shall be tested by a dynamic cyclic
loading equal to the rated load (or other specified load).
The[peak displacement range, including the dead band,
shal| be obtained during the dynamic cyclic test through
the peak force range. The peak force range shall include
load applied in opposite directions. Restraint movement
shall be centered about the ¥, %, and % stroke locations
accgrding to the requirements of the functional specifica-
tion| The testing frequency shall be from 3 Hz to 33 Hz
at intervals of approximately 3 Hz. Each frequency shall
last hot less than 10 sec. Response at each frequency shall
be recorded as load-displacement traces. No extreme
charge in displacement should be observed from one
freqpiency to the next, as this could indicate that the
fundamental frequency (natural frequency) resides in
the § Hz to 33 Hz range.

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

(i} Hydraulic fluid loss during the testing shall be
recofded.

QDR-6223.2 Functional Parameter Testing for
Mechanical Snubbers. All parameters described in
QDR-4200 shall be determined at the recorded room
temperature and a temperature of 200°F.(93°C) or the
spedified maximum design temperature, whichever is
higher. Temperature correction factors for higher or
low¢r temperatures shall be documented where appro-
priafe. Temperature shall be‘recorded at the beginning
and fend of each of the tests. The tests shall be performed
with the restraint at the)mid-stroke position, unless

recommended useable stroke. A loadingrathplitude
equal to the faulted loading shall be performed to dem-

loads on the operability of the'restraint.
(g) The spring rate shallbe tested by a dynarhi

last not less than 10 sec. 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 3 Hz to 33 Hz range.

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

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

QDR-6223.3 Functional Parameter Testing for GAP
Restraints. All parameters described in QDR-4300 shall

othdrwise required. be determined at the recorded room temperature. The
(a) The activation level (where applicable) shall be tests shall .b.e performed with .the rest?aint at the mid-
test¢d in each ‘direction. The acceleration or velocity stroke p0s1t10n., unless otherwise req@red.. .
shal] be recerded as a function of time. The activation (a) The gap is a parameter to be dimensionglly veri-
level shalk-be ‘determined from these data. fied, but no further testing need be performed.
(b) Thérelease rate shall be tested and recorded in (b) The spring rate shall be verified through testing
each direction at 5%. 10%. 25%. 50%. and 100% of rated by a dynamic cyclic loading equal to the rated| load (or

load and at the emergency load.

(c) The break-away drag shall be determined at the
initiation of the drag test in each direction or during a
separate test performed specifically for determination
of break-away 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 entire range of
travel to demonstrate drag characteristics.
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other specified load). No extreme change in displace-
ment should be observed from one frequency to the next,
as this could indicate that the fundamental frequency
(natural frequency) resides in the 3 Hz to 33 Hz range.

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

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

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

QDR

QPR-6224.1 Aging. The qualification program
shall sperify the aging simulation based on requirements
in the functional specification. Aging simulation equiva-
lent to flull-service life conditions shall be conducted.
These shall include sand and dust simulation and a salt
spray tegt if specified as an environmental condition in
the funcfional specification.

The mpnufacturer shall specify the level of low-ampli-
tude, high-frequency vibration (axial and/or transverse)
that th¢ restraint design can withstand without
adversely impacting the operating parameters of the
restraint

QPR-6224.2 Service Condition. The qualifica-
tion program shall specify the service condition simula-
tion (stgam, humidity, temperature, wetted, etc.) to
which the restraint will be subjected. Vibration aging,
testing for operating basis earthquake (OBE) and safe
shutdown earthquake (SSE), exposure to design basis
event (OBE) such as loss of coolant accident (LOCA)
and high energy line break (HELB) environments,xas
applicablle, shall be considered. This shall corresporid to
the seryice conditions defined in the fungtional
specification.

meet the same requirements as the material selection
justified in QDR-6226(a).

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

(a) failure to meet any of the functional parameters
(e.g., activation, release rate, drag force, dead band,
spring £ ric_rostraintin the
functional specification, while being loaded to its|speci-
fied load ratings for all loading conditions

(b) failure to meet any of the functional parameters
during/after being subjected to the environmental |con-
ditions specified in the functional specification

(c) failure to meet any of the special testing reqpiire-
ments of the Functional Specification

(d) failure to pass a post-testinspection and anallysis
after all testing and expostite to the environmental|con-
ditions specified in the\functional specification

QDR-6228 Ultimate Load Capacity. The ultipnate
load capacity of-a(restraint design shall be determjined
by test or analysis. The analysis report shall follow the
stress repoitrequirements described by the ASME BPVC
Section H,)Subsection NF. The mode of failure shdll be
determiined by the test or analysis.

QDR-6229 Post-Test Inspection and Analysik.
Upon completion of the qualification tests, the tgsted
assembly shall be disassembled, inspected, and pub-
jected to a post-test analysis. The results of this anallysis
shall be documented in the Functional Qualificqtion
Report and contain the following information:

(a) identification of the restraint tested

A N, ¢ . (b) the last test conducted on the restraint ir the
QDR-6225 Special Tests. The qualification plan . sequence
shall spgcify special tests for the restraint design as (c) analysis of the post-test restraint condition
required| by the functional specification. These are the (d) summary, conclusions, and recommendatior|
tests dethonstrating the abilityof the restraints to meet () approvallsignature ar,1 d date (certification py a
special rpquirements such as load-sharing arrangements Registered Professional Engineer competent in the ffield
or an in|situ in-service activation test. Test setup and ) . .
. . . of functional and environmental testing)
equipmgnt used shall closely simulate the required con- (f) disposition of restraint
dition sq that feasibility ‘can be illustrated and correla- P
tion betyveen results-can be established. QDR-6300 Candidate Qualification
(12) QDR-6226-Material Data Requirements. The fol- QDR-6310 General Requirements. Candiglate
lowing material data shall be included to ensure that the  restraint assemblies that are identical in construgtion

restraintli pecification:

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

(b) data on material and process tractability to dem-
onstrate that the material of the tested restraint and the

materials designated in the manufacturing specification

36

ame-manufacture pe,size,rating, etc)toaparent
restraint assembly may be qualified by preparing an
Application Report in accordance with QDR-7320 and
referencing the appropriate parent restraint Functional
Qualification Report.

Candidate restraint assemblies that are not identical
in construction to a parent restraint assembly may be
qualified by extension through appropriate analysis
and/or testing.

Paragraph QDR-6310 is not intended to be a stand-
alone, qualification-by-analysis technique. It contains
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guidelines for the functional qualification of a candidate
restraint assembly based on the extension of parent
restraint qualification by analysis. The analysis tech-
niques and procedures shall have been validated
through correlation of analytical predictions with the
parent test results. As such, qualification of a candidate
restraint by QDR-6300 cannot be broader in scope than
that for the parent restraint, tested in accordance with
the requirements of QDR-6200.

or verifying its applicability by personnel who are expe-
rienced in this area of activity.

QDR-6332 Procedure Requirements
(a) A detailed analytical model shall be prepared to
address each characteristic of the restraint assembly,
such as those listed in QDR-6332(b). The term shall be
loosely interpreted to mean any analytical form that can
be used to provide consistent analysis results. The model

Tlhe procedure is based on a high degree of similarity
between the candidate and parent restraint assemblies.
Whgre sufficient design similarity exists (in accordance
witll QDR-6320), qualification of the candidate restraint
can pe demonstrated by a test-verified analysis proce-
dur¢ designed to ensure that the mechanical strength,
rigidity, and critical design tolerances of the candidate
restfaint compare favorably with the qualified parent
restjaint. Where inadequate design similarity occurs, the
anallysis procedure must be supplemented with addi-
tiongl analytical evaluations or tests.
order to provide reasonable validation, the test-
verified analysis procedure is based on comparison of
anallytical predictions with two or more parent restraints
as egtablished in QDR-6340.

DR-6320 Design Similarity

QDR-6321 Allowance for Differences. Any analysis
make allowances for differences in dimensions;

can range i complexity from a simple handgook for-
mula to an elaborate finite-element analysis Jigorithm
or even a specified analytical procedure composed of
various combinations of analytical forms/The shme ana-
lytical models shall be capable of analyzing a|l similar
restraints to be qualified withoutialterations or prbitrary
adjustment of constants. Theé models, once esfablished
and verified, must be consistently applied to allrestraint
assemblies to be analyzed? All finite-element| analysis
models shall maintaifreonsistency in the application of
elements, the element types, and the boundaiy condi-
tions at all interfaces for all similar restraint agsemblies
that are analyzed.
(b) Theanalysis procedure models shall be SL:rﬁciently
detailed to include, but not be limited to, an analysis of
the following:
(1) stresses and deflection data for all critidal points
in'the restraint assembly based on the maximym speci-
fied dynamic loading

(2) stress calculations on all essential-tojfunction

and |other parameters. In order to address these dllow- ~ Parts 'based on the maximum load capability of the
ancds, the test-verified analysis procedure shallbe based ~ Trestraint

on the similarity between the parent and.candidate (3) stresses and deflections for all critical points in
restfaint assemblies. The similarity must belsufficient to the restraint based on the maximum specified angular
justiffy the applicability of the analysisgrocedure to these ~ misalignment of the specified load

pardmeters. The establishment of certain design similar- (4) relative deflections that affect cldarances

ity griteria will also provide qualification assurance for
those parameters that are difficultto address in an analy-
sis grocedure.

QDR-6322 Similarity’'Requirements. For qualifica-

between all essential-to-function parts that und¢rgo rela-
tive motion during operation of the restraint

(5) fatigue usage on the restraint assembly as
applicable

tionfof a candidate restraint assembly by the test-verified (6) fundamental resonant frequency of the restraint
. . S assembly

anallysis methods, the requirements for design similarity o .

and (7) rigidity of the mounting brackets used|to attach

evaluationtof differences shall include, where appli-
cablp, but nofe limited to, those parameters addressed
in Sectioh,QR, Nonmandatory Appendix A.

QBR-6330-Analysis-Procedure

accessories to the restraint assembly

(8) other functional parameters as desighated in
QDR-4000

QDR-6331 Selection and Documentation

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

(b) The analysis procedure shall be documented in
the Application Report in a form that provides adequate
revision control and that permits reviewing, checking,

37

QDR-6340 Analysis Procedure Verification

QDR-6341 Verification Methods
(a) Verification of the analytical procedure shall be
accomplished through correlation of the analytical
results with data obtained from testing.
(b) Verification methods may take any combination
of the following forms:
(1) tests conducted on parent restraint assemblies
performed in accordance with QDR-6200. The parent
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restraint test program shall include additional measure-
ments or testing as necessary to satisfy the requirements
of QDR-6300.

(2) supplemental tests performed outside the scope
of the parent restraint test program but which address
specific portions of the overall analysis procedure, e.g.,
tests performed by the manufacturer to verify restraint
sizing calculations, dead band calculations, restraint
break-away force calculations, etc. It is incumbent upon

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

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

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

the restfaint supplier to demonstrate applicability of
these tedts to the restraints 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.

0 Extension of Qualification

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

(g) Production Testing. Methods used in produgtion

testing during manufacturing shall be considered.

QDR-7000 DOCUMENTATION REQUIREMENTS
QDR-7100 Scope

(a) Qualification documentation“s intended to vprify
that each restraint assembly«is_qualified to performn its
designated function when-used for its intended serpice.
Qualification is substantiated by demonstrating therela-
tionship between the‘service requirements and tegting
and/or analysis; which is done in the qualificqtion
program.

ings tha (b) A qualification plan, as described in QDR-72(0, is
(a) fal within the range of restraint sizes established required to-translate the functional specification ifto a
in QDR300 step-by-Step qualification program.
(b) saftisfy the design similarity requirements of (e)~A? Functional Qualification Report, as desctibed
QDR-6320 in, QDR-7310, is required to document parent restfaint
QDR-p420 Qualification Extension Requirements. compliance with Section QDR.
The qudlification analysis procedure may be applied (d) An Application Report, as described in
without| further verification by testing to candidate) =~ QDR-7320, is required to document qualification [of a

particular candidate restraint assembly for a spgcific
application.

ity mus{| be established based on the lack of potential QDR-7200 Qualification Plan 12
effect on performance with regard toall functional A qualification plan (which may be part of the
parametprs (e.g., activation, release rate;drag force, dead Functional Qualification Report) shall be prepared with
band, and spring rate). Environmental conditionsidenti- ~ appropriate inspection and test record forms. The jplan
fied in the functional specificatign' must be considered. ~ shall define test objectives, test instrumentation, c¢ndi-
The follpwing specific parameters shall be considered ~ tions of the test, orientation, permissible maintenpnce
in establishing similarity‘of design: or adjustments, and acceptance criteria. In addition, the

(a) Dgsign/Configutation. Applicable candidate  plan shall define specific analytical techniques|and
restraint|parts shall be-similar in design and configura- ~ acceptance criteria to be used for the extension of pgrent
tion, the| principdl difference being overall size and/or restraint qualification to candidate restraints using
weight. QDR-6300.

(b) Mpterials. Differences in materials of restraint
‘assemblj companents need to be accounted for Material QDR-7300 Reports
‘differences are acceptable provided that QDR-7310 Functional Qualification Report 12)

(1) appropriate adjustments in qualification rating
parameters are made based on the relative yield
strengths of the materials

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

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

38

(a) A Functional Qualification Report shall be pre-
pared for each parent restraint assembly qualified in
accordance with this Standard. This Functional
Qualification Report shall provide complete identifica-
tion of the restraint by type, size, rating, and other data
as appropriate, including the qualification plan, test
results, and inspection data. The Functional
Qualification Report shall also contain a summary of
the methodologies used and the parameters established
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by the functional qualification testing and analysis. Any
specific limitations that restrict qualification shall be
stated.

(b) Where prequalified parts of the restraint assembly
are used in the restraint assembly qualification, the
Functional Qualification Report shall reference the
report(s) upon which such prequalification is based. In
addition, it must be shown that the mounting and inte-
gration of any prequalified part with the restraint assem-

restraint will perform its intended function and that
it qualifies for the operating conditions shown in the
Functional Qualification Report. This may be accom-
plished by direct comparison with an identical parent
restraint assembly or by supplementary analysis and /or
testing. Any supplementary analysis and/or testing
shall conform to the requirements of QDR-6300 and
show that the qualification of a given parent restraint
assembly constitutes a valid basis for conclusion that

bly Hoes not degrade or otherwise interfere with the  the design of the candidate restraint assembly is of at
prequalification of the part. least an equivalent adequacy for its intended/function.

(c) Each Functional Qualification Report shall be cer- (d) Where prequalified parts of the restraint gssembly
tifiefl to be correct, complete, and in compliance with are used in the restraint assemblypqudlificafion, the

this [Standard by one or more Registered Professional
Englneers representing the organization responsible for
the functional qualification.

QDR-7320 Application Report

(a) An Application Report is required to demonstrate
the puitability of any candidate restraint assembly to
medt the requirements of a specific application. An
Appllication Report is required for each serial-numbered
restfaint assembly; however, restraint assemblies that
hav¢ identical construction and service conditions, dif-
ferirjg only in serial and tag numbers, may be combined
into[one Application Report.

(b} Candidate restraint assemblies that are identical
in cpnstruction to a parent restraint assembly may be
qualified simply by preparing an Application Repoft
and| referencing the appropriate parent restraint
Funftional Qualification Report. Candidate réstraint
assemblies, which are not identical in construction to a
par¢nt restraint assembly, may have qualification
extehded to them through appropriate analysis and/
or tpsting as outlined in QDR-6000'\In addition, the
Apgllication Report shall referencé the appropriate par-
ent flestraint Functional Qualification Report and further

which such prequalification is based. In additiop, it shall
be shown that the mounting)and integratiop of any
prequalified part with thé restraint assembly does not
degrade or otherwise interfere with the prequallification
of the part.

(e) The Application Report for a qualified candidate
restraint assemibly shall contain the folloying, as
applicable;

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

(2) complete description of the candidate|restraint
asSembly construction configuration, inclyding an
assembly drawing. This description shall include a com-
plete identification of the restraint by type, $ize, and
rating.

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

(4) reference to the parent restraint Functional
Qualification Report(s) upon which the cgndidate
restraint qualification is based.

(5) inspection reports for both the parent and candi-
date restraint assemblies.

(6) all test results and analyses used to show that

Application Report shall reference ‘the repor]gs) upon

shoy how each of the specific application requirements  the candidate restraint assembly satisfies the| require-
of the functional specification are appropriately ments of QDR-6300.
addfessed by the parent rfestraint report or other tests (7) reference to the Qualification Reports fgr all pre-
and [analysis. qualified parts used per (d) above.

(c) Qualificationyof a candidate restraint is based on (8) any specific limitations that |restrict
the Individualstest conditions for a parent restraint and ~ qualification.

the guidancedor extension of qualification to candidate
restfaintassemblies given in QDR-6300. It is the objective
of thetApplication Report to verify that the candidate

(f) Each Application Report shall be certifiel by one
or more Registered Professional Engineers to bp correct,
complete, and in compliance with this Standard.
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Nonmandatory Appendix QDR-A
Functional Specification for Dynamic Restraints

QDR-A1000 SCOPE

ff) installation rnr}nirnmonfc (see ODR-A5600)

This Nonmandatory Appendix provides guidance for
a functipnal specification for dynamic restraints for
applications in systems important to the safety of
nuclear facilities.

QDR-A2Dp00 PURPOSE

The fynctional specification provides detailed defini-
tion of flinctional requirements applicable to restraints
onents and piping systems. The requirements
ctional specification may be provided as part
sign Specification or as part of an equipment

Specificqtion. The Application Report shall be reviewed
and cerfified by one or more registered Professional
Engineefs to be correct, complete, and in accordance
with the[functional specification prepared by the manu-
facturer.| Compliance with these requirements for this
functionpl specification is intended to ensure that:the
operating conditions and functions of the restraint have
been ad¢quately defined. This will permit the-restraint
manufadturer to demonstrate the adequaty 6f both the
design ¢f the restraint and the materials used in its
construction for the intended service.

QDR-A3D00 REFERENCES

To be fidentified by the"Owner.

QDR-A4D00 DEFINITIONS
See QPR-3000:

CONTENTS

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

(a) application characteristics (see QDR-A5100)

(b) design requirements (see QDR-A5200)

(c) operational requirements (see QDR-A5300)

(d) functional parameters (see QDR-A5400)

(e) specific material requirements (see QDR-A5500)

QDR-A5060€C
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(g) maintenance and inspection requirémlents
(see QDR-A5700)
(h) other requirements (see QDR-A5800)

QDR-A5100 Application Characteristics

The application characteristics of'¢ach restraint shpuld
be identified by listing which/of the following desfrip-
tive terms are appropriate;

(a) seismic restraint

(b) dynamic force restraint

(c) vibration restraint

(d) pipe whip réstraint

(e) relief valve'restraint

(f) others, including combinations of the above

QDR-A5200 Design Requirements

The following information should be specified:

(a) design operating temperature

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

(c) seismic acceleration and dynamic loading thaft 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
frequency of the restraint assembly

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

ran-

line

QDR-A5300 Operational Requirements

Anticipated modes of restraint operation, including
those related to seismic events and water hammer,
should be specified. The operating conditions and ¢nvi-

QDR-A5310 Operating Conditions. The number of
operational cycles, the imposed loading or movement
(number, amplitude, and direction), and environment
(including temperature) for each of the following opera-
tional categories, as a minimum, should include:

(a) installation testing

(b) system hydrostatic testing
(c) preoperational testing

(d) start-up testing

Not for Resale
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(e) normal and abnormal facility operations (includ-
ing postulated accident conditions, shock, or pulsating
loads)

(f) in-service testing

(g) vibration

(b) Mechanical Snubbers
(1) activation level (when applicable) and tolerance
at rated load at the maximum and minimum working
temperatures
(2) release rate and tolerance at 5%, 10%, 25%, 50%,
and 100% of rated load at emergency load for the maxi-

(12) QDR A5320 Enwronmen?gl Conditions. Ahistogram 4 o um working temperatures
of the environmental conditions that are postulated to .
. . (3) acceptable limits for the break-away force at the
exist should be provided. . o .
R X . L . ___maximum and minimum working temperatures
Necd O TESUAITTS 1O SUI'VIVE ITOIITAT dITU daDITOITdT . . . .

] ps : . ) (4) acceptable limits for drag force associdted with
environmental conditions with or without maintenance moving under a specified velocity at the gt hum and
should be stated. Since the attaching hardware can influ- oving 5P

. o . minimum working temperatures
encq the survival of the restraint, it should also be consid- o .
. . (5) acceptable limits for the dead\band at fhe maxi-
ered. The following factors are considered relevant: o .
. ) . mum and minimum working tempetatures for the range
(a) atmosphere, including chemistry, temperature, . ) .
1 S . ) . of working loads and restraint.locations
hunjidity, and radioactivity, in which the restraints will . \

. o (6) load ratings for all service levels
be ipstalled and must operate under normal facility . .
condiitions (7) acceptable range\of spring rates at the maxi-

. . . mum and minimum-working temperature af the fre-
(bp atmosphere, including chemistry, temperature, A .
1 e . - quency, load range;.and classification of the load (ie.,
hunjidity, and radioactivity, in which the restraints must . . .
o normal or emergency) at which the spring ratg is to be
opefate under upset, emergency, and faulted facility . ¢ . . 1,1
.. . .. determined,with restraint locations at /) /5, and
condlitions. The duration of these conditions should be 3 :
spedified 7, stroke locations
P R . (8) %erify availability of full design stroke
(c) vibration environment under normal, upset, emer- - .
. (Yvany lubrication degradation that can affect other
gendy, and faulted conditions.
pardmeters such as drag
(12) QDR-A5400 Functional Parameters (¢) Gap Devices

The functional parameters defined in QDR-5000
shoyld be specified and include QDR-A5400(a) through
QDIR-A5400(c).

(a) Hydraulic Snubbers
(1) activation level (when applicable) and folerance
at rqted load at the maximum and minifmym working
temperatures
(2) release rate and tolerance at'5%, 10%, 25%, 50%,
and|100% of rated load at emergency load for the maxi-
murh and minimum working temperatures
(3) acceptable limits for the break-away force at the
maximum and minimumworking temperatures
(4) acceptable limitsfor drag force associated with
moving under a specitied velocity at the maximum and
minfmum working temperatures
(5) acceptable limits for the dead band at the maxi-
murh andaminimum working temperatures for the range
of working' loads and restraint locations
(6) Toad ratings for all service levels

(1) acceptable limits for the drag force
(2) inclusion of the range of availaple gap
adjustment
(3) acceptable range of spring rates, the logd range,
and the classification of the load (i.e., normal jor emer-
gency) at which the spring rate is to be detergined
(4) acceptable number of cycles for spring fatigue
testing

QDR-A5500 Special Material Requirements

Special material requirements of the restraint should
be specified. Items to be considered should include, but
not be limited to, the following;:

(a) hydraulic fluid (including its potential fof electro-
lytic corrosion)

(b) seals

(c) springs

(d) special surface preparations or coatings

(e) lubricants

(7) acceptable range of spring rates at the maxi-
mum and minimum working temperature at the fre-
quency, load range, and classification of the load (i.e.,
normal or emergency) at which the spring rate is to be
determined with restraint locations at %, %, and % stroke
locations

(8) verification of availability of full design stroke

(9) fluid loss rate not exceeding that which would
empty the reservoir during the expected service life of
the component

41

QDR-A5600 Installation Requirements

The following requirements for the installation of the
restraint should 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) the available space for installation and removal if
any limitations exist
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(d) travel location in the restraint as installed tests (i.e., drag, activation level, and release rate tests)
(e) the range of transverse movement provided with specific testing equipment.

(f) any special mounting provided or required QDR-A5800 Special Performance Requirements

QDR-A5700 Maintenance and Inspection Other requirements for special performance or load-
Requirements ing conditions, as applicable, should be specified.

An acceptable hydraulic fluid leakage rate should be

specified for hydraulic restraints. Special provisions for QDR-AG000 FILING REQUIREMENTS 12
restraintfrmainteramnceshoutd-be-specifred; i Tequired: 7 copy of the furctiornat specification stould befiled
Where r¢quirements are established for in situ in-service ~  at the location of the installation and shall be available
testing, fequirements should be included for demonstra-  to the enforcement authorities having jurisdiction jover

ting the feasibility of performing the required inservice  the facility installation.

42
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Nonmandatory Appendix QDR-B
Restraint Similarity

000 olerances for

QD_ NP have the same ass=section-thickne

Tlis Nonmandatory Appendix provides guidance in
detgrmining whether design similarity exists such that
the fualification analysis procedure may be applied to
candidate restraint sizes and ratings without further ver-
ification by testing. Examples are included that illustrate

mating parts should be the same, or the differences

should be justified.

QDR-B2400 Similarity of Surface Finish
Wear or aging data obtained by<esting restr

hints of a

how| design similarity may be established, in terms of given model should be applied.to'other models provided
spedific similarity parameters defined in QDR-7420. that surface finishes between’mating parts for which
relative motion exists arérepresentative of the festraints

QDR-B2000 EXAMPLES OF DESIGN SIMILARITY

Examples of design similarity in terms of specific
pardmeters are listed below. These are limited, selected
exarpples and not intended to be all inclusive. It should
be npted, however, that all similarity parameters defined
in QDR-6420 must be considered when determining the
acceptability of applying a qualification analysis proce-
dur¢ without further verification by testing.

QDR-B2100 Similarity of Design Configuration

ith hydraulic snubbers, activation level and release
rate[may be defined in terms of flow rate and pressure.
For hydraulic snubbers that use the same control valve
or a|similar configuration, the effect of temperature on
thesp parameters should be determined by extrapolation
or imterpolation of data obtained by ‘testing one snub-
ber ize.

QDR-B2200 Similarity of Materials

ear or aging data obtained by testing a selected
restfaint model or size $hetild be applied to other models
or sizes provided that the same or similar materials, (i.e.,
mechanical, physical, and chemical properties) are used.
Justification pf:differences should be provided.

QDR-B2300. Similarity of Dimensions/Tolerances

Sdalaging data obtained by testing O-rings of a spe-

cific C O other O-Tinp c5 tha
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to which the data are to be applied.

QDR-B2500 Similarity of Fabrication/Assembly

Method

Life cyele test data (e.g., data obtained frq
loading ot vibration tests) obtained by testing

m cyclic
h specific

restraint model should be applied to other modlels, pro-

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-B2600 Similarity of Coatings/Plating

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

QDR-B2700 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 testing. Similarity of produ

sembled

of data
welding
hormally

esting a
her mod-
lating or

els may
parame-
eleration
models,
bduction
renerally
tion test
jualifica-

methods should be considered when applying ¢
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Nonmandatory Appendix QDR-C
Typical Values of Restraint Functional Parameters

QDR-C1p00 SCOPE

This Nonmandatory Appendix is provided to aid both
the restrpint designer and specification writer. It identi-
fies the gualification functional parameter values that
may be [considered when establishing a qualification
programy. The selection of applicable items, either the
ones idehtified herein or others specified as required, is
the optign of the Owner.

QDR-C2p00 FUNCTIONAL PARAMETERS

QDR-C2100 Hydraulic Snubbers

Typichl values for hydraulic snubber functional
parametprs are as follows:

(a) activation level 4 in. per minute (IPM) to 20 IPM

(b) release rate 0 IPM to 6 IPM

(c) br¢ak-away for less than 1 kip rated load, 5% maxi-
mum; fgr 1 kip and above, 3% maximum

(d) drpg for less than 1 kip rated load, 5% maximum;
for 1 kig and above, 3% maximum

(e) ddad band (lost motion) generally shouldinot
exceed (.04 in. when measured across the snubber,
excluding end fittings

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

(g) spring rate is the peak-to-peak displacement
under lopd, excluding end attachments;’and should not
exceed (112 in. when the input fréquency is in the 3 Hz
to 33 HZ range

(h) th¢ stroke should bglable to accommodate the
thermal fand dynamic m®vements plus one additional
inch of fravel on eaeh¥end (inclusive of installation
‘tolerancgs)
(i) flu}d loss rate should not exceed that which would
empty the reservoir during the expected service life of
‘the coml|;onent

(c) Break-away/drag is the force required tg iniltiate
and maintain axial movement of mechanical snuhbers
and typically restricted to less than 2% or/3% of the
rated load.

(d) Drag for less than 1 kip rated load; 5% maxinpum;
for 1 kip and above, 3% maximum.

(e) Dead band (lost motiof)) generally should
exceed 0.04 in. when meastiréd across the snul
excluding end fittings.

(f) For load rating, see QDR-4210(f).

(g) Spring rate i§ the peak-to-peak displacerhent
under load, excliiding end attachments, and should not
exceed 0.12 imy'when the input frequency is in the § Hz
to 33 Hz range.

(h) The stroke should be able to accommodatg the
thermal, and dynamic movements plus an additjonal
1 ini\of travel on each end (inclusive of installdtion
tolerances).

(i) Any lubrication degradation should not affect
other parameters such as drag.

not
ber,

QDR-C2300 Gap Restraints

(a) Gap (see QDR-6223).
(b) Spring rate tolerances should be kept to a plfis or
minus of 20% if no specific value is given fronj the
analysis of the piping system.
(c) Fatigue life of springs should be greater tham the
service life of the component.
(d) Friction developed should be kept to 2% of fated
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 nhaxi-
mum load, and the device should be within 10% of the
rated load.

:'QDR-CZZOO Mechanical Snubbers

Typical values for mechanical snubber functional
parameters are as follows:

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

(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 or velocity-limiting snubbers
should have a release rate of zero).

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

44

QDR-C3000 AGING AND SERVICE CONDITION
SIMULATION QUALIFICATION
PROGRAM

The qualification program should specify a steam
humidity simulation of 350°F (177°C) saturated steam
for 72 hr if the restraint service area is inside the contain-
ment. It should specify submergence in 200°F (93°C)
water for 72 hr if the restraint service is in a water
environment.

Not for Resale


https://asmenormdoc.com/api2/?name=ASME QME-1 2012.pdf

(12

ASME QME-1-2012

Section QP
Qualification of Active Pump Assemblies

—INTRODUCTION

Code (BPV(C) onniﬁnn”‘, pUmps. that operateon veloc-

Qpalification of pumps that must perform a specified
fundtion is an integration of numerous steps that involve
marfy disciplines and authorities. Section QP is to be
used to develop a qualification program designed specif-
ically for the intended application of equipment and
the pperational requirements of the system in which it
residles. The objective is to provide confidence in the
desipn, engineering, testing, installation, operation, and
maiftenance of pumps in nuclear systems, including
perfprmance of function for a design basis event.
Sg¢ction QP supplements General Requirements
Sectjon QR, which provides general qualification guid-
ancq. Specific requirements applicable to pumps that are
not pddressed in QR are identified in this Section in a
fornpat that is cross referenced to QR. Consequently,
artidles on definitions, qualification principles, qualifica-
tion[specification criteria, and program and documenta-
tion| requirements are covered similarly by QR, QP,
and [QV.

Mandatory requirements as well as nonmandatory
guidance are included in this Section to provide aguide
and|framework for pump qualification. Qualification
reqiirements are provided for the following:

(a) pump assembly/pump

(b} shaft-seal system

(c) turbine driver

(d) power transmission device

(e} auxiliary equipment

QP-1000 SCOPE

S¢ction QP centains the qualification requirements
guidelines for active pump assemblies used in
nuclear facilities and that must function for design basis
everjts. Pump assembly items may be qualified as part

rately. Itis the responsibility of the Owner or the Owner’s
designee to specify those pump assemblies to which this
Section will be applied.

Pump assemblies and pump assembly items qualified
in accordance with this Section shall meet the require-
ments of Section QR. Wherever the requirements of
Section QP conflict with the requirements of Section QR,
the requirements of Section QP take precedence.

Section QP is applicable to all pump types, as defined
in Section III of the ASME Boiler and Pressure Vessel
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ity or displacement principles, regardless of thelarrange-
ment, are included. Additionally, shaft-sealing|systems,
drivers, power transmission devices, and quxiliary
equipment are also included. Section QP does jot apply
to electrical equipment such as mietors, valve gctuators,
instruments, and control deyices ‘that are qudlified by
conformance with appropriate IEEE standards. How-
ever, qualification of the motor driver mechanidal effects
on the pump assembly is included in Section [QP.
Detailed design &omisiderations for shaft-seal systems
are provided in Nonmandatory Appendix QP{E. These
guidelines aré provided as an aid to the qualification
specificationjwriter and are not part of this Standard.

QP-2000 PURPOSE

The purpose of Section QP is to provide qualification
requirements and guidelines specific to pump assem-
blies to ensure the adequacy of the pump asspmbly to
perform its specified function.

QP-3000 REFERENCES

This Article documents reference documents pof signif-
icance from which guidance, concepts, principles, prac-
tices, criteria, and parameters have been carried forward
into Section QP. These references include the f¢llowing:

API Standard 610/ISO 13709, Centrifugal Pymps for
Petroleum, Heavy Duty Chemicals, and Gas[[ndustry
Services, September 2010, 11th Edition

API Standard 611, Steam Turbines for General[Refinery
Service, June 1997, 4th Edition

API Standard 682, Shaft Sealing Systems for Centrifugal
and Rotary Pumps September 2004, 3rd Edjtion

e e APT), 1220
L Street NW, Washmgton DC 20005 (www api.org)

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

ASME B73.2M, Specification for Vertical In-Line
Centrifugal Pumps for Chemical Process

ASME OM Code, Subsection ISTB, Inservice Testing of
Pumps in Light-Water Reactor Power Plants

ASME PTC 8.2, Performance Test Codes — Centrifugal
Pumps
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Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)

Hydraulic Institute Pump Standards

Publisher: Hydraulic Institute (HI), 6 Campus Drive,
Parsippany, NJ 07054-4406 (www.pumps.org)

SM 23, Steam Turbines for Mechanical Drive Service

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

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

shaft-seal system: a system of shaft seals and directly
associated appurtenances as required that limits the pro-
cess fluid leakage to the atmosphere or low-pressure

Publiser: National Electrical Manufacturers
Assocjation (NEMA), 1300 North 17th Street, Rosslyn,
VA 22P09 (www.nema.org)

SP-1, Glpssary of Seal Terms, March 1995
SP-30, Guidelines for Meeting Emission Regulations for
Rotatihg Machinery with Mechanical Seals, April 1994

Publishpr: Society of Tribologists and Lubrication
Engingers (STLE), 840 Busse Highway, Park Ridge, IL
600682302 (www.stle.org)

QP-4000 DEFINITIONS

The fdllowing definitions establish the meanings of
words i the context of their use in this Section and
supplenfent those definitions listed in Section QR:

auxiliarylequipment: items necessary to support the oper-
ation of [the pump, shaft-seal system, driver, or power
transmigsion device, including any appurtenances as
defined|in ASME Boiler and Pressure Vessel Code,
Section I, NCA-1260.

best efficigncy point: the hydraulic flow at which thepump
assembly achieves its highest efficiency, i.e., th€ reterence
point foywhich the specific speed is calculated for simili-
tude comparisons.

éOmpone it coolant: a fluid used as a heatremoval medium
and sepdrated from the process fluid by a barrier.

ihjection fluid: a fluid injected_into the seal area at a
pressurel higher than the process fluid to lubricate and
cool the[seal and in some\instances to prevent leakage

of proceps fluid along the shaft.

motor drjver: a class.0f machines that converts electrical
energy ipto rotary“motion.

operating point(s): any hydraulic pomt atwhich the pump
is expectied(to opera

ditions of the facility. Multlple operatmg pomts may
be specified for a pump within the flow range from
minimum flow to the maximum runout condition.

power transmission device: an item that transmits the
rotary motion from the turbine or motor driver to the
pump.

process fluid: the fluid pumped.

pump: the basic component of the pump assembly that
transfers the process fluid.
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systems and collects and directs the leakage.

turbine driver: a class of machines that converts‘energy
in a fluid stream to rotary motion.

QP-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental prindiples and philosophy [per-
taining to equipment.qtalification are providgd in
Article QR-5000 and apply to mechanical equipmeht in
general. Qualification’requirements specific to the ppmp
assembly or pump assembly items are containgd in
Articles QP-6000"through QP-8000.

QR-7000-describes qualification by similarity analysis.
Nonmandatory Appendix QP-D contains typical pafam-
eters tabe considered when qualification is to be eftab-
lished by similarity.

QP-6000 QUALIFICATION SPECIFICATION

The qualification specification for pump assemplies
and pump assembly items shall be provided in agcor-
dance with QR-6000 and the additional requiremerits of
this article. Nonmandatory Appendices QP-A thr¢ugh
QP-D provide checklists of items for guidance ir} the
preparation of the qualification specification.

It is the responsibility of the Owner or the Owher’s
designee to provide the qualification specification|and
approve the qualification program used to demonsfrate
that the acceptance criteria established in the qualifica-
tion specification have been met.

For a pump assembly qualified to a generic environ-
ment, the manufacturer is responsible for the dev¢lop-
ment of both the specification and qualification program.

Pump assembly-specified function shall be in accor-
dance with QR-6000(a).

Items 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.
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QP-6200 Equipment Description and Boundary

The qualification specification shall identify those
items that are part of the pump assembly. The qualifica-
tion specification shall also define the interfaces between
the pump assembly and external attachments and sup-
ports. When pump assembly items are qualified sepa-
rately, the qualification specification shall also define
interfaces between the pump and driver, shaft-seal sys-
tem

power transmission device and auxiliarv
+ 7

Nonmandatory Appendix QR-A provides supple-
mentary details associated with dynamic qualification
of mechanical equipment.

QP-6500 Margins

Required margin for QP-6700 acceptance criteria shall
be specified.

QP-6600 Aging

equipment.

P-6210 Pump Assembly/Pump. The pump assem-
bly includes the pump and its shaft-seal system, driver,
tranpmission device, and auxiliary equipment.

Tlhe pump pressure boundary is defined in ASME
BPV[C Section III. The pump includes items that

(a) contain the process fluid, such as the casing or
barrpl, including nozzles, thermal barrier, and closure
mempbers

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

(c} are an integral part of the pump, such as the dif-
fusef or bowl, including the pump shaft, pump bearings,
and [bearing supports

(d) are auxiliary equipment

QP-6220 Shaft-Seal System. The shaft-seal system
inclfides the seal assembly, seal system piping, seal water
cooling, filtering devices, and auxiliary equipment.

-6230 Turbine Driver. The turbine driver includes
the fasing, shaft, blades, wheel, jets, governog _stop
valves, shaft seals, bearings, and auxiliary equipment.

QP-6240 Power Transmission Device.( Power trans-
misgion devices include shaft couplings, belt drives,
fluid drives, gear drives, and auxiliaty equipment.

QP-6250 Auxiliary Equipment;  Examples of auxil-
iary|equipment are cooling (water systems, lubricating
systems, control valves, ifistrumentation, and external
supports, which are$upplied as part of the pump
assembly.

QP-6300 Description of Interface Attachments and

Loads

Lgcation; nature, and magnitude of externally applied
loads and structural characteristics for interface attach-

The qualification specification shall require|that sig-
nificant aging mechanisms along withcomponents
and/or materials subject to aging be identified. The
effects of the identified aging mechanisms|shall be
assessed and shown to be acceptable during thp qualifi-
cation process. Nonmandatery* Appendix QR-B pro-
vides supplementary details associated with the
qualification of nonmetallie’parts.

QP-6700 Acceptance-Criteria

The required agceptance criteria shall be spg¢cified in
accordance_with the requirements of QR-600P(h) and
QP-6710 through QP-6750. The types of performance
itemsdisted in QP-6710 through QP-6750 [shall be
included in, but may not be limited to, the |types of
required acceptance criteria listed.

QP-6710 Pump Assembly/Pump. The qualification
specification shall specify the performance fequired
from the pump assembly/pump during specffied ser-
vice conditions. Acceptance criteria shall be sperified for

(a) capacity (flow)

(b) total developed head (or pressure)

(c) required net positive suction head (NPSHR)

(d) start-up and operating time based upon facility
conditions

(e) transients such as thermal or pressure

(f) priming time

(g) process fluid conditions

(h) environmental parameters

(i) minimum flow rates and associated timje limita-
tions

(j) vibration limits

Instrument accuracy for pressure, flow ratg, speed,
vibration, differential pressure, and vibration adceptance
criteria shall not be less than that prescfibed in

ments shall be specmed.

QP-6400 Service Conditions

Service conditions defining the application of the
pump assembly shall be specified. Service conditions
are of two types

(a) operating conditions that tend to stress the pump
assembly

(b) environmental conditions that define the
surroundings
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QP-6720 Shaft-Seal System. The qualification spec-
ification shall specify the performance required from the
shaft-seal system during specified service conditions.
Acceptance criteria shall be specified for

(a) flow rate of coolant through cooling jacket or seal
cavity

(b) start-up and running torque requirements

(c) seal leakage rates under static and dynamic
operating conditions
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QP-6730 Turbine Driver. The qualification specifica-
tion shall specify the performance required from the
turbine driver during specified service conditions.
Acceptance criteria shall be specified for

(a) speed/output torque at operating steam condi-
tions (pressure, temperature, flow, and quality)

(b) required start-up and operating time based upon
facility conditions

The qualification method shall identify the service
conditions for which the pump is being qualified as
described in QP-7310(b).

The pump qualification program shall include the
following;:

(1) testing over the full range of normal and DBE
operating points for hydraulic performance, leak tight-
ness, and structural integrity. Testing in the vendor shop

test-

[STB

(c) capability of the governor system to regulate  or a suitable test facility is preferred in order to reduce
steam flpw within specified limits test variables and provide controlled results. If such
(d) vibration limits ing is not physically practicable due to size or configura-
_— . e tion, in situ testi t of ASME OM, Subsecti
QP-6740 Power Transmission Device. The qualifica- O IN ST PeSHNG a3 part o R Emon

tion spedification shall specify the performance required

from th¢ power transmission device during specified
service ¢onditions. Acceptance criteria shall be speci-
fied for

(a) tolque and horsepower capacities
(b) input/output speeds

(c) vibration limits

(d) tofal indicated runout

(e) copling requirements

QP-6f50 Auxiliary Equipment. The qualification
specificgtion shall specify the performance required
from any uniquely identified auxiliary equipment dur-
ing specjfied service conditions.

QP-7000 QUALIFICATION PROGRAM
QP-7100 General Requirements

The gpalification program shall be established in
accordarjce with the requirements of QR-7000.4and as
modified below.

QP-72011
Potential malfunctions shall be jdentified in accor-
dance wjith the requirements of QR~7200. Examples of
potential malfunctions in pump-assemblies that shall
be reviepved include loss of'rated flow/head, rotating
element [seizure, or rotating“element clearance/drag/
leakage.|The effects of wear of critical components shall
be part ¢f this review.

Review for Potential Malfunctions

QP-7300 Selection of Qualification Methods

Methdds for*qualification of pump assemblies and
pump agsembly items shall be in accordance with the

preservice test provided with suitably aecurate inptru-
mentation is acceptable.
(2) The test assembly shall inclide the pumyp, its
auxiliary equipment, and thé baseplate if one is
provided.
(3) visual and dimensional inspections at agjpro-
priate intervals to identify €xcessive wear or degradation
of pump parts.
(b) Service aspects.that shall be considered in foymu-
lating a qualifieation program are
(1) pump functional conditions (flow capacities,
developedihead requirements, suction head provided,
system fluid conditions including transients, opergting
time, and operating frequency anticipated over th¢ life
of the facility, etc.). Functional conditions are to indlude
periodic in-service testing and anticipated inoperative
periods.
(2) environmental conditions.
(3) starting requirements.
(4) normal operating loads.
(56) externally applied loads (seismic, nozzle, ptc.).
(6) aging of nonmetallic materials (Nonmanddtory
Appendix QR-B provides supplementary details aspoci-
ated with the qualification of nonmetallic parts andmay
or may not be part of the in situ testing above).
(7) maintaining design life (maintenance, overhaul,
replacement, etc.).

QP-7320 Shaft-Seal System. A shaft-seal syptem
normally should not be functionally qualified by amaly-
sis alone. However, analysis may be used to extend|pre-
vious testing or experience to the specified defsign
service conditions, provided the analytical technifjues
have been validated through comparison with measpjred

Pannrmnnr‘Q of anpavnh]ﬂ shaft-seal Cycf‘nm T}Ip S Of

requirements of QR-7300.

QP-7310 Pump

(a) Pump qualification shall consider significant
hydraulic and mechanical design factors that can
degrade and impact the ability of the pump to perform
its specified function.

In addition to aging effects, qualification techniques
shall address and incorporate, as necessary, the impact
of periodic testing, maintenance, overhaul, and replace-
ment of essential parts of the pump assembly.
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permitted analysis include heat generation and removal,
mechanical stress, thermal stress, wear rate, interface
velocity, axial movement, radial movement, angular
movement, torsional deflection, and natural frequency.

In qualification by test, a plan shall be prepared with
appropriate inspection and test record forms to define
test objectives, test fluids, conditions of the test, permis-
sible maintenance or adjustments, and acceptance crite-
ria. A shaft-seal system test facility shall be used that
provides rotation, appropriate means for pressurization,
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fluid thermal control, and seal leakage measurement.
Prior to start of a test sequence, all system conditions
shall be recorded as applicable to the test shaft-seal
assembly and test installation according to the plan. Test
data shall include face surface finish and flatness, face
loads at installation length, shaft-seal system leakage,
temperature, pressure, and seal face power require-
ments. Testing sequences shall include all service
conditions.

The turbine driver qualification program shall include
the following;:

(1) testing over the full range of normal and DBE
operating conditions for steam performance, leak tight-
ness, and structural integrity

(2) the test assembly shall include the turbine and
its auxiliary equipment

(3) visual and dimensional inspections at appro-

Qpalification on the basis of experience or analysis
reqyires that documentation be provided that demon-
strafes the performance of a similar shaft-seal system
equdls or exceeds the specified design service condi-
tionp, both normal and DBE, of the proposed application.
Aregs that shall be evaluated when determining applica-
bility of experience are similarity of application, environ-
ment, performance data, maintenance, and inspection
recofds.

Efwironmental and aging effects on the materials of
congtruction may be evaluated on the basis of generic
testing that adequately encompasses the process and
environmental effects on the material properties. Quali-
ficafion need not be based on the actual shaft-seal system
comjponents. However, any qualification not based on
actupl tests shall demonstrate that the data used are
appfopriate and applicable to the configuration and to
the material used for the application.

e manufacturer shall demonstrate the adequacy of
the phaft-seal system in either or both of the follow#
ing ways:

(a) by supplying documentation that the proposed
system had proved itself through a comprehensive test-
ing program. The testing program shall have included
full-pcale tests at normal and DBE operating conditions.
The|documentation shall include a detailed description
of the tests, test equipment, and actual test results.

(bp by providing documentation showing that the
proposed system is similar and has been used success-
fully for a stated length.of time in similar service. This
method shall not be used.if the proposed system, or the
environment in whichit is to be used, differs signifi-
cant]y from the ¢ne‘to which it is being compared or if
seryice conditions vary significantly from normal
opefating service conditions.

QP-7330 Turbine Driver

(a)Turbine driver qualification shall consider signifi-

priateintervals-to-identifyexeessive-wearordegradation
of turbine parts

(b) Service aspects considered in formulating a test
qualification program shall include

(1) turbine functional conditions (turbinje horse-
power/speed including transientsy/operating time, and
operating frequency anticipated over the life ofjthe facil-
ity, etc.). Functional conditions are to include|periodic
in-service testing and anticipated inoperative jperiods.

(2) environmentalconditions.

(3) starting fequirements.

(4) normal eperating loads.

(5) extennally applied loads (seismic, nozple, etc.).

(6)_ aging of nonmetallic materials (Nonmhandatory
Appendix QR-B provides supplementary details associ-
ated with the qualification of nonmetallic partsjand may
or.may not be part of the in situ testing abovg).

(7) maintaining design life (maintenance,
replacement, etc.).

(c) Any electrical controls associated with the turbine
shall be qualified in accordance with the requirements
of IEEE Std 323 and IEEE Std 344. Qualificatiqn of any
motor-operated control or block valve actuatdrs in the
steam supply systems shall be in accordance [with the
requirements of IEEE Std 382.

verhaul,

QP-7340 Power Transmission Device

(a) Power transmission device qualification ghall con-
sider significant hydraulic and mechanical design fac-
tors that can degrade and impact the ability of the device
to perform its specified function.

Qualification shall consider the full range of speed and
horsepower requirements. In addition to aging effects,
qualification techniques shall address and incprporate,
as necessary, the impact of periodic testing,| mainte-
nance, overhaul, and replacement of essentiall parts of

cant 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 address and incorporate, as necessary, the impact
of periodic testing, maintenance, overhaul, and replace-
ment of essential parts of the turbine driver.

The qualification method shall identify the service
conditions for which the turbine driver is being qualified
as described in QP-7330(b).

49

the power transmission device.
The qualification program shall include the following:
(1) The power transmission device shall be tested at
the design conditions of speed and horsepower (torque)
over the full range of normal and DBE operating condi-
tions for both mechanical performance and structural
integrity.
(2) Visual and dimensional inspections shall be per-
formed at appropriate intervals to identify excessive
wear or degradation.

(12)
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(b) Service aspects considered in formulating a test

qualification program shall include

(1) power transmission device functional condi-
tions (speed, horsepower, operating time, and operating
frequency anticipated over the life of the facility). Func-
tional conditions are to include periodic in-service test-
ing and anticipated inoperative periods.

(2) environmental conditions.

(3) starting requirements.

Nonmandatory Appendix QR-A provides supplemen-
tary details associated with the dynamic qualification
of mechanical equipment.

QP-8000 DOCUMENTATION

The documentation requirements shall be in accor-
dance with QR-8000 and the additional requirements of
this article. In addition to original qualification docu-

(4) normal operating loads.

(5) pxternally applied loads (seismic).

(6) pging of nonmetallic materials (Nonmandatory
Append]x QR-B provides supplementary details associ-
ated with the qualification of nonmetallic parts and may
or may Mot be part of the in situ testing above).

(7) maintaining design life (maintenance, overhaul,
replacenpent, etc.).

(c) Any electrical controls associated with speed-
changing devices shall be qualified in accordance with
the requjrements of IEEE Std 323 and IEEE Std 344.

QP-7B50 Auxiliary Equipment. When auxiliary
equipmgnt is qualified separately from the pump assem-
bly, punjp, shaft-seal system, driver, and transmission
device, [its qualification shall consider significant
hydraulic and mechanical design factors that can
degrade|and impact performance of specified function.
The appfoach to qualification shall identify the service
conditiohs and interfaces with pump assembly items.

QP-740Q Aging

Pump|assemblies and pump assembly items shall be
qualified in accordance with QR-7311 or(@QR-7321.
Nonmarldatory Appendix QR-B provides supplemen-
tary detgils associated with the qualification of nonme-
tallic pafts.

QP-7500 Dynamic Loading

Pump|assemblies and pump-dssembly items shall be
qualified in accordance.with QR-7312 or QR-7322.

mentation, special installation requirements and majnte-
nance required to maintain qualification shall be
documented.

QP-8100 Pump Assembly/Pump

Documentation shall include, but\is not limite
dimension of mechanical fits and ¢learances.

] to,

QP-8200 Shaft-Seal System

Documentation shall.ifclude, but is not limitedl to,
shaft-seal assembly drawing with appropriate bill of
materials, service conditions, and precautions noted that
would preclude-thalfunction.

QP-8300 TJurbine Driver

Documentation shall include, but is not limitedl to,
dimerision of mechanical fits and clearances. The docu-
mehtation for the turbine driver shall also be as spedified
in TEEE Std 323, IEEE Std 344, and IEEE Std 382 wihere
these standards are invoked.

QP-8400 Power Transmission Device

Documentation shall include, but is not limitedl to,
dimensions of mechanical fits and clearances. The docu-
mentation for the power transmission device shallfalso
be as specified in IEEE Std 323, IEEE Std 344, and |EEE
Std 382 where these standards are invoked.

QP-8500 Auxiliary Equipment

Documentation shall include, but is not limite
dimension of mechanical fits and clearances.

1 to,
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Nonmandatory Appendix QP-A
Pump Specification Checklist

SCOPE

(11) suppnort QY\A nnnhnrnoa reguireme.
rr O 1

ts and

QP-I\JJIOL‘

Tlhis Nonmandatory Appendix is provided to aid the
spedification writer. It lists items that may be considered
when developing the qualification specification for
punjp assembly items.

QP-A2000 APPLICABLE DOCUMENTS, CODES,

AND STANDARDS

(a) ASME Boiler and Pressure Vessel Code (BPVC),
Sectjon III (Code) construction class, applicable edition
and |addenda

(b} Design Specification

A3000 DESIGN AND CONSTRUCTION
REQUIREMENTS

(a) pump type

(b} design life

(¢} functional, operating, environmental, and service
condlitions under which the pump must operate

(d) operational modes, including time limit'for recir-
culating flow testing

(e fluid pumped, specific gravity at given
temperatures

(f] design pressure

(gp design temperature

(h) rated flow, maximum tequired flow (runout flow)
(i} head at rated flow~maximum required flow, and
shufoff conditions

(j] suction temperature: minimum, normal, and
maximum

(k§ suctionr pressure: maximum and normal

(I} NPSHyavailable at rated and maximum required
flowfs
() \ambient temperature, humidity, and radiation

QP

configuration
(v) cooling water piping code requirements
(w) maximum input driver horsepower fpr diesel
generator loading
(x) cooling water; temperature;iminimum apd maxi-
mum; pressure; and maximumnipressure drop
(y) entrained material for'which the pump is de-
signed; dirt, debris, instilation, molten fuel, diesel oil,
fish, etc., under normal-and abnormal service cgnditions
(z) separation of\funning frequency from shaft natu-
ral frequency and pump assembly torsiona] natural
frequency
(aa) start-up and operating time
(bb) .cotipling: flexibility, alignment, service life, bear-
ing load, balance
(cc) specific location at facility site (inside of outside
containment)

QP-A4000 STRUCTURAL, SEISMIC, AND
ENVIRONMENTAL QUALIFICATION
REQUIREMENTS

(a) requirements for dynamic analysis or tepting

(b) designation of loads, load combinatipns, and
related code service conditions

(c) demonstration of operability by analysis or test
under all applicable loading conditions

(d) seismic loading OBE and SSE

(e) stress limits

(f) seismic design criteria

(¢) minimum acceptable force and moment|carrying
capability of the pump nozzles, casing, and|support
attachments

(h) seismic acceleration, both horizontal (tw:
onal directions) and vertical

orthog-

(n) water chemical content (pump and/or seal cool-
ing water)

(0) minimum operating flow limitations

(p) use of mechanical seals and type of seal cooler, if

applicable

(q) flow restrictor from seal cavity, if applicable
(r) vent and drain from pump casing and types of

: connections

(s) type of pump nozzle connections and details
(t) connection requirements to other ancillary piping

QP-A5000 MATERIAL AND MANUFACTURING
REQUIREMENTS

(a) specific material requirements (if differing from
the manufacturer’s standards)

QP-A6000 TESTING REQUIREMENTS

(a) shop performance test and measurements to be
taken, including capacity, total head, power input, effi-
ciency, NPSH, and vibration at the bearing or on the shaft
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(b) prequalification transient test requirements and
acceptance criteria

QP-A7000 DOCUMENTATION, INSTRUCTIONS,
AND LIMITATIONS

(a) documentation requirements
(b) requirement for manufacturer’s provision of val-
ues of maximum allowable forces and moments

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

(d) requirement for manufacturer’s provision of val-
ues for minimum flow capability and time limitations

(e) requirements for manufacturer’s provision of bolt-
ing material requirements, torque values, and washer
configuration

(f) quantified acceptable limits for wear of bearings
to _establish minimum service life
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Nonmandatory Appendix QP-B
Pump Shaft-Seal System Specification Checklist

SCOPE

(1) pressure.
T

QP-}rJ.D.Q.L\
Tlhis Nonmandatory Appendix is provided to aid the

sped
whd
pun

QP

(a
Sect
and

(b

(c

and

QP

(12)

(a
(b

tem

dire

(mir

ification writer. It lists items that may be considered
n developing the qualification specification for
p shaft-seal system items.

B2000 APPLICABLE DOCUMENTS, CODES,
AND STANDARDS

ASME Boiler and Pressure Vessel Code (BPVC),
on III (Code) construction class, applicable edition,
addenda

Design Specification

ASME B73.1M, ASME B73.2M, API 610, API 682,
STLE SP-30

B3000 DESIGN AND CONSTRUCTION
REQUIREMENTS

type of seal or seal system to be provided
design life
(1) static
(2) dynamic
post-design basis event design life
(1) number of cycles
(2) duration of cycles
conditions at seal cavity
(1) fluid pumped, specific gravity at given
berature
(2) design pressures
(3) design temperattire
(4) thermal ahd-pressure transient (rate, range,
Ction)
(5) thermal and pressure transient duration
utes)
(6) (allowable leakage
(7) tadiation

(2) temperature
(3) flow rate
(4) chemistry
(5) pressure drop
(f) availability of seal injectionyificluding the
temperature, chemistry, and sglids particle siz
(g) possible inaccessibility 'of pump during d
that restricts opportunities for visual inspection|
ventive maintenance(te the seal system
(h) the need for assembly and maintenance
to limit personnel exposure time in radiation
(i) shaft direction or rotation as viewed
drive end
(j) specific location at facility site (inside o
containment)

QP-B4000 STRUCTURAL, SEISMIC, AND
ENVIRONMENTAL QUALIFICATIC
REQUIREMENTS

(a) qualification acceptance criteria
(b) environmental qualification requirement

QP-B5000 MATERIALS AND MANUFACTUR
REQUIREMENTS

(a) specific material requirements (if differ
the manufacturer’s standards)

QP-B6000 TESTING REQUIREMENTS

reserved for future use

quantity,
e

peration
and pre-

features
fields

rom the

outside

12

NG

ng from

QP-B7000 DOCUMENTATION, INSTRUCTIONS,

AND LIMITATIONS

and

(8) shaft speed
(9) maximum entrained material size under normal
abnormal service conditions

(e) component coolant conditions
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(b) requirements for manufacturer’s provision of bolt-
ing material requirements, torque values, and washer

configuration
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Nonmandatory Appendix QP-C
Pump Turbine Driver Specification Checklist

00__SCOPE

(d) interface requirements (control sustem uti
7

ities

fonmandatory Appendix is provided to aid the
tion writer. It lists items that may be considered
bveloping the qualification specification for
rbine driver items.

DO APPLICABLE DOCUMENTS, CODES,
AND STANDARDS

plicable turbine design standard: NEMA, API,

sign Specification

DO DESIGN AND CONSTRUCTION
REQUIREMENTS

quired design life of major components
umables)

hctional, operating, environmental, and design
hs under which the turbine must operate
Hesign pressures and temperatures (maximuan,
hnd minimum) for inlet and exhaust
bperating pressures and temperatures.{maxi-
rmal, and minimum) for inlet and, exhaust
pperating conditions (bhp, rpm) at.correspond-
bn /operating conditions

hmbient temperature, pressutre, humidity, and

maximum horsepower
cooling water: minimum, normal, and maxi-

mum temperature and¢pressure

(7)

(c) of
design
quency

pbrocess fluid analysis (chlorides, etc.)
erationalfintodes, including operating and
rocess fluid conditions, and duration and fre-
f operation

available, flanged éonnections, etc.)

(e) shaft vibration limits

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

QP-C4000 STRUCTURAL, SEISMIC, AND
ENVIRONMENTAL QUALIFICATION
REQUIREMENTS

(a) seismic qualificatipn”requirements (specifics
must include definition 'of seismic environment)

(b) environmental qualification requirements

(c) design qlalification requirements (i.e., preg
vessel analysis, low-cycle fatigue analysis, etc.)

(d) qualification acceptance criteria

QP-€5000 MATERIAL AND MANUFACTURING
REQUIREMENTS

(a) specific material requirements (if differing
the manufacturer’s standards)

QP-C6000 TESTING REQUIREMENTS

(a) requirement for demonstration that the unit
operate through all modes of operation for durd
specified (i.e., shop or field test, analysis, and
experience)

QP-C7000 DOCUMENTATION, INSTRUCTIONS,
AND LIMITATIONS

(a) document requirements

side

tion

sure

rom

will
tion
| / or

(b) requirements for manufacturer’s provisiofs of

bolting material requirements, torque values,
washer configuration

and
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Nonmandatory Appendix QP-D
Pump Similarity Checklist

SCOPE

(13) cing]n ormultistage

Tlhis Nonmandatory Appendix is provided to aid both

the

that
larit
tion
iden
the

QP
(a

ump designer and specification writer. It lists items
may be considered when establishing rules of simi-
¥ between either pump designs or process condi-
5. The selection of applicable items, either the ones
tified herein or others specified as required, is at
bption of the Owner.

D2000 PUMP DESIGN

hydraulic capability
(1) rating of pump, discharge size, NPS (DN)
(2) best efficiency point as percentage of condition
(3) rise-to-shutoff from condition
(4) NPSHR at condition
(5) specific speed
(6) suction specific speed
(7) speed(s) of rotation
(8) tip speed
(9) number of vanes
mechanical capability
(1) size of suction and discharge nozzles,.NPS (DN)
(2) impeller diameter, in. (mm)
(3) vane treatment, finish and filing (over and under)
(4) stationary to rotating fit elearances
(5) rotation
(6) method of support (frame, foot, and centerline)
(7) speed control (cofistant/variable)
(8) type and size ¢f bearing system
(9) type and sjzevof drive coupling
(10) stiffness of pump and driver support on base
(11) arrangemient (vertical or horizontal)
(12) opén,or closed impeller

(14) metallurgy of wetted parts

QP-D3000 PROCESS DESIGN

(a) pumped fluid
(1) start-up conditions
(2) normal and abnormal’ conditions

(3) transient conditions of flow, temperatfire, fluid

chemistry, and presstre
(4) test conditigns
(b) external conditions
(1) start-up conditions
(2) nermal and abnormal conditions

(3)\ transient conditions of flow, temperatiire, fluid

chemistry, and pressure
(4) amplitude and duration of seismic ex
(5) transient piping interaction
(6) cooling water for seal or bearing cool
Similarity can be undertaken only within p
the same class and type.
The collection of the above parameters p1
means of narrowing the differences between p
establish similarity, it must be shown that when
to like internal and external loads, expressed
stress and assembly strain in response to nof
abnormal loads, similar pumps will exhibit c
performance — hydraulic and mechanical. T
equally be expected to withstand like aging ef]
retain their ability to perform their specifie
function.
Exceptions will be considered if documentat
onstrates similarity of performance, notwith
the above criteria.

Pitation

ng
umps of

ovides a
hmps. To
exposed
IS casing
mal and
bngruent
hey will
fects and
1 design

on dem-
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Nonmandatory Appendix QP-E
Guidelines for Shaft-Seal System
Material and Design Consideration

QP-E1 OLO SCOPE

This Nonmandatory Appendix contains guidelines
for the dpecial material and design considerations for
shaft-sedl systems that are intended to be qualified in
accordarce with the requirements of Section QP.

QP-E2000 PURPOSE

This Nonmandatory Appendix provides material and
design gliidance to the qualification specification writer.

QP-E3000 DEFINITIONS
The fd

a term i
Append
and QP:
stress index: the ratio of the design stress to the minimum
ulﬁmate strength of the material (5/S,).

llowing definition establishes the meaning of
h the context of its use in this Nonmandatory
x and supplements those found in Sections QR

QP-E4000 MATERIAL CONSIDERATIONS

QP-E41(

Gland
pressurg
Pressure)

0 Pressure-Retaining Material

plates and associated bolting.are defined as
-retaining material by the”ASME Boiler and
Vessel Code (BPVC), Section III. Requirements

manufactured from any material suitable oy the

intended service.

(c) Material with a stress index greater than 0.1, ised
for springs, bolts, pins, and other metallic or brittle garts,
should meet an ASME, ASTM, or AMS'specificatior| that
controls the quality of the material:

(d) Proprietary material with’a stress index gr
than 0.1, used for springsybolts, pins, and other me
or brittle parts that do nothave a suitable national s
fication available, shotild be qualified by testingin a
dance with Section QP. Such proprietary materialp are
designated by<a‘specific identification number by the
material manufacturer and certified to meet all the qual-
ity assuratice requirements of the originally qualified
material.

Pater
allic
beci-
Fcor-

QP-E5000 DESIGN CONSIDERATIONS

QP-E5100 General

btermn
the

For normal operating conditions, the shaft-seal sy
is designed to operate without maintenance fo1
design life listed in Table QP-E4200-1.

For service conditions other than normal, the shaft-
seal system is designed to operate without maintenance

to be incjuded in the qualification specification for mate- specified duration and specified number of cyjcles.
rial used in pressure-retainifig) applications are to be in |, e : I I
. \ s only one cycle of a specific operating conditi¢n is
accordarjce with the apprepriate ASME BPVC Section III specified, then it is understood that replacement or
classificgtion and its a$sOciated material requirements. . may occur before resuming normal opera-
QP-E4240 Nonpréssure-Retaining Material tion, unl'egs ofcher de51'g.n c9n51derat10ns are specifi¢d in
. X ) ] o the qualification specification.
(a) Cdnsiderations to be included in the qualification Special shaft-seal systems, such as double seals,|tan-
specificgation’for material used for seal-mating faces dem seals, bellows, and/or cartridged seals, are fo be
applications are speeified-in-the-qualification-speeifieation: P

(1) no detrimental physical property changes
occurring when subjected to the seal cavity fluids for
the times listed in Table QP-E4200-1

(2) no detrimental physical property changes
occurring when subjected to the maximum seal cavity
temperature listed in Table QP-E4200-1

(3) no detrimental wear rate when subjected to the
conditions listed in Table QP-E4200-1

(b) Material with a stress index less than 0.1, used for
retainers, bolts, pins, bushings, and other parts, may be
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QP-E5200 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 the ASME Boiler and Pressure Vessel Code
(2) service conditions and associated duty cycles as
listed in Table QP-E4200-1

Not for Resale
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Table QP-E4200-1 Shaft-Seal System Specification
Design Basis Condition
Normal Design Basis | In-Service Hydrostatic Other
[Note (1)] Events Tests [Note (2)] [Note (3)]
Fluid [Note (4)]
Pressure, psia (MPa)
Temperature, °F (°C) NA
Thermal transient
rate, range, and NA
. direction, °F/min (°C/s)
Londitions at
Seal Cavity Thermal transient
duration, min WA
Allowable leakage
[Note (5)]
Radiation, rads NA
Speed, rpm NA
Abnormal Number of cycles NA
(ondition Info
Design Life) Duration of cycles, hr NA
Pressure, psia (MPa) NA
Component
Coolant Temperature, °F (°C) NA
Conditions 3
Flow rate, gpm (mm?/s) NA
) Static, hr NA NA NA
Design
Life Dynamic, hr NA NA NA
GENHRAL NOTE: NA indicates not applicable.
NOTHS:
(1) Normal conditions refer to seal conditionstin pump that are required to function during normal facility operation.
(2) Include this information if seal is to pe\used during hydrostatic tests.

3 q
t
(O

(b
ufad
cong

on, and to conditions that are™not covered in the other categories.

The putnp manufacturer will supply the seal man-
turer with'the following arrangement and interface
litions:

(1Y type of seal to be provided (i.e., packing,

ther refers to conditions that may affect the seal cavity environment, such as external loads and loss of component coolant

fluid is water, specify quantity-of chemicals present as additives or impurities and solids particle size.
(5) Allowable leakage refers¢torthat leakage which can be collected as liquid at the seal-operating conditions.

or injec-

(9) shaft motions (i.e., radial, axial, and
relative to the seal cavity during seismic an
basis conditions as listed in Table QP-E4200-1

(c¢) The pump manufacturer will supply the deal man-

angular)
[ design

mechanical, bellows, double tandems, cartridged, etc.)

(i-e.,

shaft or sleeve diameter at seal

shaft or sleeve material

shaft orientation (i.e., vertical or horizontal)
direction of rotation

seal cavity maximum diameter at seal

(7) seal cavity length

(8) shaft-to-seal cavity misalignment conditions
static eccentricity, static angularity, range of axial

(2)
(3)
4
(5)
(6)

travel, etc.)
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ufacturer with the following shaft-seal system external
conditions:

(1) seal system piping arrangements and seal flush-
ing systems shall conform to ASME B73.1M,
ASME B73.2M, API 610, API 682, and STLE SP-30

(2) availability of component coolant, including the
quantity, maximum temperature, pressure, available
pressure drop, and chemistry

(3) availability of seal injection, including the quan-
tity, temperature, chemistry, and solids particle size

Not for Resale
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(12)  Table QP-E5300-1 Limits for Unbalanced Seals movable seal face be mounted on the stationary housing
Seal Max. Sealing rather than on the shaft.
Diameter, Max. Shaft Pressure, QP-E5400 Packings

in. (mm) Speed, rpm psig (MPa) (a) Stuffing boxes on all pumps should be packed
Y to 2 (13 to 51) Up to 1,800 100 (0.69) with a sufficient amount of packing as recommended
1,801 to 3,600 50 (0.35) by the packing manufacturer. The minimum packing
size is ¥, in.2 (160 mmZ); however, a packing size of

Over 2 to 4 (51 to 102) Up to 1,800 50 (0.35) % in.2 (240 mm?) or greater is preferred.
1,801 to 3,600 25 (017) /(1.) D PPy th a

(d) The pump manufacturer will supply the seal man-
ufacturef with the following special provisions:
(1) maintenance provisions

L. F +dad

b—Pump-stuffing—boxes—are—to—be—provided—w
lantern ring for fluid injection directly into the pacl
Inlet and outlet connections must be provided ‘fo
lantern ring.

(c) Sufficient space is to be provided for the padking
to be replaced without removing er<dismantling| any
part other than the gland and lantern ring if split.

ing.
the

(2) Inaccessibility of the pump during operation (d) If the stuffing box of a vertieal pump is subjdcted
that wolild restrict visual inspection and preventive  to discharge pressure and a bleedoff to suction is Used,
maintengnce the bleedoff should be by means of internal rather than

(3) hecessary assembly and maintenance features  external piping.
that limit personnel exposure time in radiation fields (e) Adequate seal draining is to be provided so|that

no liquid can collectin the driver support piece.
QP-E5300 Mechanical Face Seals QP-E5500 Shaft'Sleeves
(a) M Chanical face Seals Should be Of the hydraU' (a) Shaft Sleeves/ When used, are to be Sealed to pre_

lically balanced type, except as provided for in
Table QIP-E5300-1.

(b) Eifher a sliding gasket (i.e., O-ring, V-ring, or
U-ring) pr a metal or rubber bellows should be used
between| the axially moving seal face and shaft sleeve
or housihg.

(c) Fof applications involving seal face velocities over
5,000 fpm (1 524 m/min), it is preferred that the aXially

vent leakage between the sleeve and shaft and machined
for cofigentric rotation.

(b)» Ends of shaft sleeve assemblies or nuts, when Jised
on pumps arranged for packing, are to extend beyond
the outer face of the packing gland.

(c) Shaft sleeves are to extend beyond the ext¢rnal
seal gland plate on pumps employing an auxiliary| seal
other than a throttle bushing.
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Section QV
Functional Qualification Requirements for Active Valve
Assemblies for Nuclear Facilities

000 SCOPE

Sqction QV contains the qualification requirements
and [guidelines for active valve assemblies that perform
a nulear safety function used in nuclear facilities. Valve
assembly items may be qualified as part of a single
assembly or may be qualified separately, provided their
ination into a single unit is addressed. It is the
nsibility of the Owner to specify those valve assem-

beern} generated (QV-6000) is required to specify those
pardmeters for which the assembly is to be qualified.

In| case of conflicts, Section QV takes precedence over
Sectiion QR for specific valve assembly qualification
reqyirements. Design of the pressure-retaining bound-
ary pf the valve is addressed by the Owner-specified
codp of record and is excluded from the scope-of
Sectjon QV.

QV-2000 PURPOSE

It|is the purpose of Section QV to provide require-
ments for the qualification of the desigh of valves, actua-
tors) and the combination thereof (valve assemblies) to
perform in service as required)under all specified
opefating and design-basis conditions.

QV-B000 REFERENCES
Réferences arelas listed in QR-3000.

QV-4000<-DEFINITIONS

The\following definitions apply specifically to valve

active valve assembly: a valve assembly thatisrefiuired to
change obturator position to perform its Nuclepr Safety
Function.

bending stress (Pp): the variableycOmponent of normal

stress.

cold working pressure: the Jalve pressure ratinglat 100°F
(38°C).

diagnostic test: a test.of a valve assembly wh¢re valve
and actuator performance parameters, fluid sygtem con-
ditions, ambient-environmental conditions, an{l motive
power supply~parameters are obtained from cplibrated
instruméntation.

expansion stress (P,): stresses resulting from the|restraint
of free end displacement of the piping system.|In a pip-
ihg’system, this is commonly considered to be the stress
fesulting from constraint of the free thermal ekpansion
of the piping system (thermal expansion stress). How-
ever, it may also include various types of piping system
anchor movement effects, such as seismiq anchor
motions, equipment or building thermal anch¢r move-
ments, etc.

extended structure: the portion of a valve assembly that
extends outward from the centerline of the pipeline, as
measured from the mating surface on the Va{[/e body;
e.g., on a sliding-stem valve assembly, the gxtended
structure would include, as a minimum, the vdlve bon-
net, yoke, actuator, and all accessories mountdd on the
actuator assembly.

local primary membrane stress (Pr): a membrahe stress
produced by pressure or other mechanical load §nd asso-
ciated with a discontinuity, if not limited, would produce
excessive distortion in the transfer of the load| 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. Where there are conflicting
definitions between QR and QV, the definitions in 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.

membrane stress: the component of normal stregs, which
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.

normal stress: component of stress normal to the plane
of reference.

obturator: valve closure element (e.g., disk, plug, ball,
etc.).

(12)
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operating cycle: the movement of a valve assembly ~ QV-5000 QUALIFICATION PRINCIPLES AND 12
through its full stroke under defined operating condi- PHILOSOPHY

tions, terminating with a return to the starting position. The fundamental principles and philosophy per-
power-operated valve assembly: a valve assembly that  taining to equipment qualification are provided in
requires external power such as provided by a motor,  Article QR-5000 and apply to mechanical equipment in

air piston or diaphragm, solenoid, or electro hydraulic  general. Qualification performance characteristics spe-
operator to perform its safety function. cific to valve assembles are contained in the Guide to
pressure relief valve assembly: a valve assembly that is ~ ASME QME-1 Standard, Section QV-G, “Determination
designeq i i i - Veve— . i isties—This

sure, in gxcess of a specified value, and re-close. Pressure Guide is included with this Standard.

relief vdlve assemblies may be further classified as

follows: QV-6000 QUALIFICATION SPECIFICATION (12)

self-adtuated: one that is actuated by inlet static
pressure

externglly actuated: one that is actuated by external
motive power.

combinled self- and externally actuated: one that is actu-
ated by ¢xternal motive power and, in the event of failure
of the external motive power, will open automatically

It is the responsibility of the Owner erOwner’s dpsig-
nee to identify the functional perfermance charactefistic
requirements for a valve assembly” These requirenjents
shall be provided in a Qualification Specification|pre-
pared in accordance withrMandatory Appendix QV-IL

The manufacturer has:the option to qualify the valve

at the seft pressure due to inlet static pressure. assembly for more stfingent parameters than provjided
, . in the Qualification Specification but shall ensure|that
primary grembrane stress (Py): the component of primary  the parameterstd which the valve assembly is qualfied

normal dtress that is uniformly distributed and equal to
the averpge value of stress across the thickness of the
section yinder consideration.

primary $tress: any normal or shear stress developed by
an impoped loading that is necessary to satisfy the laws
of equilibrium of external and internal forces and
momentp.

shear strdss: component of stress tangent to the plane‘of
reference.

stress intpnsity: the difference between the algebraically
largest principal stress and the algebraically smallest
principal stress.

valve asspmbly: a valve-actuator combination, including
those fuhctional accessories that-are directly mounted
thereon.[The term valve assemblfy should be broadly inter-
preted tp include power-operated, self-operated, and

envelop those/in the Qualification Specification.

QV-7000 QUALIFICATION PROGRAM

QV-7100 General Requirements

An Application Report, as described in QV-8370, is
required to provide documentation and additipnal
requirements as necessary to ensure that each of the
production valve assemblies is qualified for the applica-
tion specified in the Qualification Specification reqyired
by QV-6000. The qualification program shall accourjt for
dimensional variations of critical clearances of esserjtial-
to-function parts. Further, any analytical technifjues
applied in the qualification of valve assemblies require
verification to ensure that the analysis techniqueg are
valid for the variations of the design being qualified.
This program shall demonstrate that the performance

pressure] relief valve assemblies. of valve assemblies, predicted by these analytical fech-
produdfion valve assembly: a valve assembly thatisman-  niques, is applicable to all allowable variations of the
ufactur¢d with the.ntent of being identical within  valve clearances being qualified for the flow condifions

allowed
qualifieg
based. A
duction

manufaciuting tolerances and clearances to the
valve.assembly to which its qualification is
production valve assembly consists of a pro-
valve and production actuator

specified by the valve Qualification Specification. Even
though valve assemblies may satisfy the requiremerjts of
the manufacturer’s Quality Assurance Program (dyring

the normal manufacturing process) the gualifica tlon
7

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), which has been qualified by all
appropriate testing and analysis as required by QV-7000.
A qualified valve assembly consists of a qualified valve
and qualified actuator.

test valve assembly: a valve assembly selected for quali-
fication testing.

60

program shall demonstrate that the design limiting
allowable variation in the critical clearances between
essential-to-function parts during the manufacturing
phase shall not render a valve assembly incapable of
consistent performance due to binding, blockage, etc.
Section QV provides for qualification of a valve assem-
bly by a combination of testing and analysis. The func-
tional qualification of a qualified valve assembly may
be extended to another valve assembly through limited
testing and demonstration of design similarity. This
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Table QV-7300-1 Valve Assembly Qualification Requirement Matrix (12)
Power Actuated Self Actuated Relief
Parameter QV Category A QV Category B QV Category A QV Category B QV Category A QV Category B
Seismic QV-7450 QV-7450 NR [Note (1)] NR [Note (1)] NA [Note (2)] QV-7650
End load QV-7440 NR [Note (3)] QV-7540 NR [Note (1)] NA [Note (2)] NR [Note (3)]
Functional QV-7460 QV-7460 QV-7560 QV-7560 NA [Note (2)] QV-7660
fNete—4} fNete—t4H
Envirpnmental QV-7420 QV-7420 QV-7520 QV-7520 NA [Note (2)] Qw7620
Sealihg QV-7430 QV-7430 QV-7530 QV-7530 NA [Note (2)] QV}7630
caphbility [Note (4)] [Note (4)]

GENHRAL NOTES:
(@ NA = not applicable
(b) NR = not required

() QV Categories A and B as defined in QV-14000 in Mandatory Appendix QV-I.

NOTES:
)
@

)

extehsion of qualification is based upon the condition
that|both the valve assemblies utilize the same design
congept and that critical dimensional clearances.are
maintained. Diagnostic testing shall be performed dur-

Yeismic evaluation of self-actuated valves is not required due to the lack of an extended’structure.
Relief valves, by function of their purpose (i.e., pressure relief), cannot be QV Category A.

(3) Hnd-load testing is not required by the definition of QV Category B.
q
t

elf-actuated valves that are closed in normal operation and remain closed in @n aecident scenario due to pressure forces adting on
he obturator need only show proof of sealing capability by way of a production‘seat leak test.

QV-7400 Qualification Requirements for Power-
Operated Valve Assemblies

QV-7410 Initial Considerations. The rangps of the

ing the qualification testing covered by this Standard. pressure, temperature, and flow for the valve and the
4 . T maximum seat-sealing differential pressure|shall be
QV-1200 Analysis Guidelines defined in the Qualificgation Plan an}()i documented in
(a) Analysis is permissible provided-that sufficient the Functional Qualification Report (see QV-B310). In
test verification exists to justify the analysis used over  ;qgition, the valve is to be identified as bidiredtional or
the fjualification conditions inyglyed. unidirectional, in which case the direction of prpssuriza-
(b) Analysis methods may/be tised for ensuring acces- and the

sories and associated dttaChments are rigid (see

tion must be defined. The valve body pressurg
seat-sealing test pressure used for qualification may be

QR-136500). . . equal to or less than the rated pressure of the vfalve, but
(c) Analysis methgdsbased on extensive valveassem- - . e
. . i ) . ese test pressures shall determine the qualification
bly testing prograiis may be used in conjunction with

focused flow testing to demonstrate functional capabil-

pressure rating for the valve assembly. Pressurg locking

ity. The user{should be cautioned that, because of diffi- and therr.nal binding should ?ISO be addresse 1.' Where
cultfes associated with identifying and predicting factors produFtlon Va.lve assemblies may h'ave different
that|affect operating loads for certain types of valves operating requlre.ments, the qualification ppan shall
(e.glflexible wedge gate valves), even when those valve envelop the requirements for the producti¢n valve

assemblies are identical, it may be necessary to limit
the use of analysis in functional capability qualification.
Analysis methods may be used in the accelerated envi-
ronmental aging process per the requirements of
Nonmandatory Appendix QR-B.

QV-7300 Specific Qualification Requirements for
Valve Assemblies

Valve requirements are based on the valve assembly
type and category as delineated by Table QV-7300-1.

61

assemblies.

The orientation of the valve assembly shall be as
required by the Qualification Specification; however, the
valve assembly may be mounted in a more conservative,
worst-case orientation, provided that a satisfactory justi-
fication for the worst-case orientation decision is pre-
sented in the Functional Qualification Report. Design
limiting orientation may be different based on various
qualification attributes, e.g., seismic capability versus
functional capability.
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Throughout the following sections of QV, it should
be noted that the actuator used when testing the per-
formance of the valve does not need to be the actuator
that was tested for the actuator portions of the testing.
Use of other than a qualified actuator for valve testing
does, however, require special attention be paid to the
valve and actuator interface as discussed below in
QV-7461.3, QV-7462.3, and QV-7463.3.

QV-74

Eriction-ofsalze

leakage, the test shall be performed so as to demonstrate
the pressure integrity of the bellows or diaphragm seal.
In all cases, regardless of the stem/shaft-seal construc-
tion, the intent of this test is to demonstrate the pressure
integrity of the primary stem/shaft-seal arrangement.
The initial primary stem/shaft-seal leakage test shall be
performed after fully cycling the valve assembly ten
times. The test shall be as long as required to determine
the leakage rate but not fewer than 5 min. Document

internal [sliding surfaces can increase with age until a
plateau |s reached. Further, inspections and disassem-
bly/reassembly of valves that expose valve internal sur-
faces to dir can result in a temporary reduction in friction
coefficients. Qualification of functional capability must
address|these phenomena when establishing valve
operating requirements.

Envirgnmental Qualification of actuators is performed
in accordance with IEEE Std 323 and IEEE Std 382. Quali-
fication|of other nonmetallic parts, critical to valve
assembly performance, may be performed in accordance
with Nopnmandatory Appendix QR-B.

QV-7430 Sealing Capability

QV-T431 Main-Seat Leakage. For measurement of
main-seqt leakage, a valve closure shall be effected by
the actuptor using minimum motive power, and the
maximupmn seat-sealing differential test pressure shall be
establislfed. Pressure on one side of the closure shall
be relieyed to establish a differential pressure in the
specified flow direction or in the most adverse direction
for bidirgctional valves (e.g., a globe valve with an unbal-
anced disk, where the design is such that flow.tends to
open thq valve disk) shall be seat-leak tested with pres-
sure appllied on the upstream side of the disk. Leakage
shall be follected from the low-pressurésside of the clo-
sure or dtherwise measured by apprepriate 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 {o the bonnet cavity\with the leakage rates being
measuref for each main seat. Document the relationship
between|seat leakage.and applied thrust and/or torque
and diffprential pressure. The qualification plan shall
consider| whether\temperature and fluid conditions for
the appljcation of the valve assembly result in the need
for further\qualification testing.

the relationship between stem-seal leakage and pres-
sure. The qualification plan shall consider whether’fem-
perature and fluid conditions for the application of the
valve assembly result in the need for furthet qualffica-
tion testing.

QV-7440 EndLoading. The pressure-containingfpor-
tions of valves that are to be qualified to this docugnent
shall be designed to the applicable code selected by the
facility Owner.

End-loading qualification is not required if

(a) the intended application for the valve doed not
impose significant end-load reactions (e.g., a drain yalve
with piping attadhed to one end of the valve doe§ 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 actjator
mounting and entrance of the valve stem/shaft) of puch
proportions that the length of the valve body patallel
to the pipe run is equal to or less than the inside dianpeter
of the valve (e.g., a wafer style butterfly valve)

QV-7441 End-Loading Qualification for

QV Category A Valve Assemblies. For QV Categofy A
valve assemblies, one of the following is required:
(a) Qualify analytically the maximum load (fdrces
and moments) that can be placed on the valve lpody
such that operation is not adversely affected. In furn,
this load is to be supplied to the piping system designer
who must design his system such that the load capnot
be exceeded.
(b) Qualify by test for the maximum load that cgn be
placed on the valve body such that operation if not
adversely affected. In turn, this load is to be suppli¢d to
the piping system designer who must design his syftem
such that the load cannot be exceeded.

QV-7432 Stem-Seal Leakage. The primary stem/
shaft-seal leakage shall be observed at the rated cold
working pressure with the valve in the partially open
position to ensure pressurization of the valve in the area
of the primary stem/shaft seal. For valves without leak-
off connections, primary stem/shaft-seal leakage shall
be observed and the leak rate estimated. For valves with
leak-off connections, leakage at the leak-off connections
shall be measured and recorded. For valves utilizing
diaphragms or bellows to achieve zero stem/shaft-seal
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{c) Require that the maximum stress intensity in the
attached piping at the pipe to valve junction resulting
from the combination of the primary or local membrane
stress (Py; or Pp) plus the bending stress (Pp) plus the
expansion stress (P,) shall be limited to a value of
(Gp/Fy) X Sy, (G, Sp defined below). That is,

Gy
(PMOI'PL)+P},+P9S_SV
F,
. Gy
If G, is unknown, then T may be taken as 1.
b

Not for Resale
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where order to minimize the amount of testing needed to qual-
F, = bending modulus of connecting pipe ify the valve assembly. The following activities shall be
Gy = valve body section modulus at the crotch ~ performed to justify the qualification of the functional
region capability of the qualified valve assembly.
P, = bending stress .
P, = expansion stress QV-7461.1 Qualified Valve 12)
P, = local primary membrane stress (a) Identify the manufacturer, type, size, materials
Py = primary membrane stress (including internal parts), and rating; stem packing; and
corrosion inhibitor (as applicable) for the valve to be
T Oeter Tt o of the TITaXiTTuTT Stress tensity qualitied-
shal] be bas'ed on the highest combination of. concgrrent (b) Perform an internal inspection of the/falve for
loads considering all concurrent loads defined in the  material, surface condition, and criticalinterndl dimen-
Quafification Specification. The value of 5, shallbetaken  gjons (including valve internal cleararices and edge
at the highest metal temperature of thg atta.ched pPpmg  radii). Evaluate design limiting telerance combinations
for .the concurrent load combination under  jn the manufacturing process, and*erify that the valve
congideration. will behave predictably.
QV-7442 End-Loading Qualification for (c) Establish any orientation requirements Jand any
QV dategory B Valve Assemblies. End-loading qualifica- system piping constraints that are applicable to the qual-
tion[is not required for QV Category B valve assemblies. ification of the valye:

(1255 dV-7450 Seismic Qualification (d) Establish fluid conditions (including blgwdown)
; d stroke ti i ts f hich the|valve i
. (a) Seismic qualification is intended to demonstrate ]e;n. Stroke Jme-requirements for whic efvave s

s - ) eing qualified.
the pbility of a valve assembly to withstand a loading (¢) Deferifine th t leakage limitati heludi
that|is representative of the specified seismic load quali- & Jelerne the seat leakage fimitations (ihcluding
fication level. directional sealing) of the valve.
(b) Qualification of valve assemblies shall be in accor- ;f N Determine the stem leakage limitations of the
danke with IEEE Std 344 or Nonmandatory Y&V&
Appendix QR-A. (g) While collecting diagnostic test data (ipcluding
(c) All essential-to-function accessories shall bg,  Valve stem thrust and/or torque, fluid presgure and
attahed to the valve assembly. The essential-to-function ~ temperature, and stroke time), cycle the valye under
accepsories that have not been previously qualified in ~ Static fluid Cor}dlthns tthughout th? valve ;troke. n
accgrdance with IEEE Std 344 as part of theélactuator b_Oth the opening (1r}cluc.11ng unseating) ang closing
assembly shall be seismically qualified ifaccordance ~ (including seating) directions, and verify proper valve
with} IEEE Std 344 or Nonmandatory Appendix QR-A. assembly.' ' ' ' ‘ .
V-7460 Functional Qualificati The functional (h) While collecting diagnostic test data (ipcluding
il unctional Quatitica 'Ion. € functiona valve stem thrust and/or torque, fluid presgure and
qua 1f1cat10r1' 9f a valve assembly ‘is made up of several temperature, and stroke time), cycle the valv¢ in both
diffqrent act.1v1t1es. . o the opening and closing directions until the cpefficient
(al EStathhbT qttlaliﬁedt\./alve azlsembly by.fc.lushfytm% of friction has stabilized and baseline perfprmance
a valve assembly to funetien under a specified set o ters have b tablished
o A ) parameters have been established.
it . Th discussed bel V-7461. . . . . . . .
Co?b( 1]1)(; I:/Selo 1: rlrslet}li)clilolss tf) er;n (()Qlate the qualifi- (i) While collecting diagnostic test data (ificluding
. P 8y poate 1 stem thrust and/or torque, fluid pressure and fempera-
catign to anothet valve assembly. (It is desirable to not = o o time), cycle the valve under applicable
have¢ to individually qualify each specific valve for its g4 ’ .
N I ! L : . fluid temperature, pressure, and flow conditigns (from
indiyidual gpefating conditions.) This effort involves the ambient to hot water and steam conditions); |environ-
anallysisCef‘the critical characteristics of how the valve mental conditions: and stroke-time re u,i ements
assembly under consideration compares with the quali- st th Tere ctecden fimeliedi quir
. hfalhleda¥alhl e alve Stroke (inciil 1No _Seca lng and
fied valve assembly. This 1s described below in QV-7462. o . . o
() Ensure the production valve assembly performs unseating), and verify the functional capability of the
. P iy yp valve under design-basis conditions.
in the manner predicted by the qualified valve assembly. ) . . .
This is described below in QV-7463 (j) Determine whether the valve is susceptible to pres-
’ sure locking and/or thermal binding. If so, establish
QV-7461 Qualified Valve Assembly. The qualifica- design limitations to prevent pressure locking and/or
tion of the functional capability of a valve assembly thermal binding.
shall be justified using a combination of analysis and
diagnostic test data. Test-based methodologies that have QV-7461.2 Qualified Actuator (12)

been demonstrated to reliably predict valve assembly
performance may be used to supplement the testing in

63

(a) Identify actuator manufacturer, type, size, and rat-
ing; lubricants used for gearboxes and sliding friction
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points; and corrosion inhibitor (as applicable) for the
power actuator to be qualified.

(b) Perform an internal inspection of the actuator for
material, surface condition, and critical internal dimen-
sions. Evaluate design limiting tolerance combinations
in the manufacturing process, and verify that the actua-
tor will behave predictably.

(c) Establish any orlentatlon requ1rements that are
applicable

ile collecting diagnostic test data (including
output thrust and/or torque; environmental
conditigns; stroke time; gearbox efficiency; motor
torque, yoltage, and current for motor-powered actua-
tors; and operating air pressures and current signals for
air-powdred actuators, as applicable), cycle the actuator
under mominal motive power source conditions

actuator

Guide to Section QV: Determination of Valve Assembly
Performance Characteristics for Guidance.

QV-7462 Extrapolation of Qualification to Another
Valve Assembly. The extrapolation of the qualification
of the functional capability of a qualified valve assembly
to another valve assembly shall be justified using a com-
bination of analytical comparison of physical attributes
and dlagnoshc test data. Test based methodologles that

bly performance may be used in lieu of the tedti
needed to extrapolate the qualification to anéther ¥
assembly. The following activities shall be perform
justify the extrapolation of the qualification to an
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 corrdsion

throughgut the actuator stroke in both the opening and  inhibitor of the valye\being qualified to the qualjfied
closing directions, verify proper assembly, and establish ~ valve.
baseline[performance parameters. (b) Perform.an internal inspection of the valv¢ for

(f) While collecting diagnostic test data (including

material, surface condition, and critical internal dimen-

actuator| output thrust and/or torque; environmental  sions (incliding valve internal clearances and edge rhdii)
conditiops; stroke time; gearbox efficiency and motor  in order to establish applicability of construction t¢ the
torque, yoltage, and current for motor-powered actua- qualified valve (see QV-7461.1) and to evaluate degign-
tors; and operating air pressures and current signals for ~ litniting tolerance combinations in the manufactyring

air-powdred actuators, as applicable), cycle the actuator
under applicable thrust and/or torque loads, environ-
mental conditions, stroke-time requirements, ahd
motive-power conditions throughout the actuatorstroke
in both the opening and closing directions, and verify
the funcfional capability of the actuator under design-
basis conditions.

QV-7461.3 Valve and Actuatar Interface
(a) Idé¢ntify the interface betwéen the valve and actua-

process, and verify that the valve will behave
predictably.

(c) Establish applicability of fluid conditions|and
stroke-time requirements for the valve to be qualjified
to the qualified valve.

(d) Determine the seat leakage limitations (including
directional sealing) of the valve.

(e) Determine the stem leakage limitations o
valve.

(f) While collecting diagnostic test data (including

the

tor for ¢ .evalve assembI.y' toRe)qualified. valve stem thrust and/or torque; fluid pressure|and
(b) Vetify that the qualified thrust and/or torque out- temperature; and stroke time), cycle the valve uhder
put of the actuator equals of exceeds the required thrust  g;tic fluid conditions throughout the valve stroRe in
and/or forque demdnds of the valve throughout the {4 the opening (including unseating) and cloking
valve asgembly stroke. (including seating) directions, and verify proper yalve

(c) Fof a motef-powered actuator with a rising stem assembly.
valve, dp the .following: . (g) Applying the qualification and test informgtion
(1) |dentify any lubricants used on the valve stem. obtained under QV-7461.1, with supplemental testifig as

(2) While collecting diagnostic test data (including
valve stem thrust and/or torque), cycle the valve assem-
bly throughout the valve assembly stroke until the fric-
tion between the stem and the stem-nut has stabilized.

(3) While collecting diagnostic test data (including
valve stem thrust and/or torque), cycle the valve assem-
bly throughout the valve assembly stroke under repre-
sentative fluid and environmental conditions and
determine the stem-to-stem-nut coefficient of friction
and load sensitive behavior. Refer to Section QV-G,

64

necessary, collect diagnostic data (including stem thrust
and/or torque, fluid pressure and temperature, and
stroke time) for applicable fluid temperature, pressure,
and flow conditions (from ambient to hot water and
steam conditions) and stroke time throughout the valve
stroke (including seating and unseating), and verify the
functional capability of the valve under design-basis
conditions.

(h) Determine whether the valve is susceptible to
pressure locking and /or thermal binding. If so, establish
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design limitations to prevent pressure locking and/or
thermal binding.

QV-7462.2 Actuator
(a) Establish applicability of actuator type, size, and
rating (including internal parts and material); orienta-
tion; lubricants; and any corrosion inhibitor of the actua-
tor being qualified to the qualified actuator.
(b) Perform an internal inspection of the actuator for

(2) Applying the qualification and test information
obtained under QV-7461.3, with supplemental testing
as necessary, collect diagnostic data (including valve
stem thrust and/or torque) for the valve assembly
throughout the valve assembly stroke at representative
fluid conditions, and determine the stem-to-stem-nut
coefficient of friction and load sensitive behavior. Refer
to Section QV-G, Guide to Section QV: Determination
of Valve Assembly Performance Characteristics for

el a ot 1 . LI 1l
mat I1dl, SUl'ldCc COIMUIUIOLL, dIld CIIitiCdl IICiTidl AUIcir=

Guidance.

QV-7463 Demonstration of Functional,Cappbility of
Production Valve Assemblies. The functienal

tor ill behave predictability. pability
(c) Establish the output thrust and/or torque-versus-  ©f the production valve assembly shall-be dem¢nstrated
sten} position for which the actuator is being qualified. by verification of the physical sattributes, application,
(d) Establish applicability of environmental condi- and diagnostic test data of the.production valve assem-
tions, stroke-time requirements, and motive power bly to its qualified valve assembly. At the disdretion of

tor.
While collecting diagnostic test data (including
tor output thrust and/or torque; environmental

under nominal motive power source conditions
throughout the actuator stroke in both the opening and
closing directions, verify proper assembly, and establish
basgline performance parameters.

(f] Applying the qualification and test information
obtained under QV-7461.2, with supplemental testing as
necgssary, establish diagnostic data,(including actuator
outpgut thrust and/or torque; envifommental conditions;
stroke time; gearbox efficiency(and motor torque, volt-
ageJ and current for motof-powered actuators; and
opetating air pressures and current signals for air-
powered actuators, astapplicable) for applicable thrust
andfor torque loads; stroke time, and motive-power
condlitions throughout the actuator stroke in both the
opening and clesing directions, and verify the functional

the Owner, the productipn.valve assembly tesfing may
be performed following final installation of the valve
assembly. The followihg activities shall be p¢rformed
to demonstrate the functional capability of prpduction
valve assembly.

QV-7463.1 Production Valve
(a) Verity applicability of the production valve type,
sizexmaterial (including internal parts), and rafing; ori-
entation; piping system constraints; stem packing; and
any corrosion inhibitor to the qualified valve.
(b) Perform an internal inspection of the prpduction
valve for material, surface condition, and criticall internal
dimensions (including verifying that valve|internal
dimensions, clearances, and edge radii are withjn manu-
facturing tolerances) to establish applicability to the
qualified valve.
(c) Verify applicability of fluid conditions anid stroke-
time requirements for the production valve to the quali-
fied valve.
(d) Verify that the seat leakage limitations (ihcluding
directional sealing) of the qualified valve are applicable
to the production valve.
(e) Verify that the stem leakage limitations ofthe qual-
ified valve are applicable to the production velve.
(f) While collecting diagnostic test data (ipcluding

capdbility ofthe actuator under design-basis conditions. valve stem thrust and/or torque, fluid presgure and
temperature, and stroke time), cycle the pr¢duction
QV=7462.3 Valve and Actuator Interface valve under static fluid conditions throughout the valve

(a) Identify the interface between the valve and actua-

stroke in both the opening (including unseating) and

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 torque demands of the valve throughout the
valve assembly stroke.

(c) For a motor-powered actuator with a rising stem
valve, do the following:

(1) Identify any lubricants, and establish the appli-
cability under environmental conditions of the lubri-
cants, used on the valve stem.

65

closing (including seating) directions in order to verify
proper assembly.

(g) Verify applicability of the functional capability
(including stroke time) of the production valve for open-
ing and closing under fluid conditions to the qualified
valve through the use of specific test data or a test-based
qualification methodology.

(h) Verify that the production valve addresses any
pressure locking and/or thermal binding limitations of
the qualified valve.
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QV-7463.2 Production Actuator

(a) Verify applicability of the production actuator
type, size, and rating (including internal parts and mate-
rials); orientation; lubricants; and any corrosion inhibitor
to the qualified actuator.

(b) Perform an internal inspection of the Production
Actuator for material, surface condition, and critical
internal dimensions (including verifying that internal
dimensions, clearances, and edge radii are within manu-

data (including valve stem thrust and torque; fluid pres-
sure and temperature; stroke time; MOV motor torque,
voltage, and current; and AOV operating air pressures
and current signals, as applicable) throughout the valve
stroke to verify the production valve assembly meets
the functional requirements of the Qualification
Specification. The requirements of QV-7470 are the
responsibility of the Owner.

facturing tolerances) to establish applicability to the
qualified actuator.
(c) Vetify applicability of environmental conditions,

QV-7500 Qualification Requirements for Self-
Actuated Check Valve Assemblies

stroke-time requirements, and motive power source con- QV-7510 Initial ConS|derat|C(l)r;ls : I;he r}elangei 0 ths
ditions (puch as air pressures for air-powered actuators test pressure, temperature,' and How 20p the valvelan
the maximum test seat-sealing differéntial pressure phall

and motpr current and voltage for motor-powered actua-
tors) of the production actuator to the qualified actuator.

(d) While collecting diagnostic test data (including
stem thijust and/or torque; environmental conditions;
stroke tjme; motor torque, voltage, and current for
motor-ppwered actuators; and operating air pressures
and currpnt signals for air-powered actuators, as applica-
ble), cy¢le the production actuator under nominal
motive fower source conditions throughout the actuator
stroke td verify proper assembly.

(e) Vefify applicability of the functional capability
(including stroke time) of the production actuator for
opening|and closing under environmental and power
conditiops to the qualified actuator through the use of
specifid test data or a test-based qualification
methodqlogy.

QV-7463.3 Production Valve and Actuator
Interfac

be defined in the qualification planjand document¢d in
the functional qualification report.” The valve-body|and
seat-sealing test pressures used'in this test may be dqual
to or less than the rated pressure of the valve, but irf any
event, these test pressures determine the qualification
pressure rating for the valve assembly. Where produc-
tion valve assemblies may have different operating pres-
sure requirements, the qualification of the qualjfied
valve assembly must include a range of test presqures
encompassihg the requirements for the production yalve
assemblies.

Those check valves with actuating means involving
external weights, springs, or a power actuator whose
purpose is to provide positive closure or to assipt in
closure may be qualified by analysis that verifies|that
the actuating device cannot degrade the functign or
operability during and after a seismic event. Addifion-
ally, those check valves with an external actuating d¢vice

(a) Vetify applicability of the production valve and  whose sole purpose is to provide a means for in-sefvice
productjon actuator interface to the qualified valve  testing of operability may be qualified by analysis| that
assembly. verifies the actuating device cannot degrade the fungtion

(b) Vefify that the thrust and/or torque output of the
productfion actuator equals or(exceeds the required
thrust afjd /or torque demands of the production valve
through¢ut the valve assembly stroke.

(c) For a motor-poweted actuator with a rising stem
valve, d¢ the following;

(1) Merify thatsthe lubricants used are applicable to
the quallfied valve’assembly.

or operability during and after a seismic event.

QV-7520 Environmental and Aging. The qualffica-
tion of nonmetallic parts that are critical to valve aspem-
bly performance may be performed in accordance with
Nonmandatory Appendix QR-B.

QV-7530 Sealing Capability

(2) Verify~applicability of the stem-to-stem-nut QV-7531 Main-Seat Leakage. The valve shall be
coefficieptof-friction and the load sensitive behavior of ~ pressurized in the flow direction tending to sea{ the
the production valve assembly to the quatified vatve tisk—teakage strattbecottectedfronrtheopposite side

assembly through the use of specific test data or a test-
based qualification methodology.

© (3) Cycle the production valve assembly under
static conditions throughout the valve stroke to verify
proper assembly.

QV-7470 Post-Installation Verification and IST
Baseline. After the production valve assembly has been
installed in the facility, it shall be cycled under represen-
tative fluid conditions as necessary to collect diagnostic

66

of the closure or otherwise measured by appropriate
means. The test shall be a minimum of 5 min or a longer
period deemed adequate to measure the leakage rate.

QV-7532 Shaft-Seal Leakage. For check valves
having sealed shafts, shaft-seal leakage shall be observed
at cold working pressure applied to the seal. For valves
with leak-off connections, leakage at the leak-off connec-
tion shall be measured and recorded. For valves without
leak-off connections, shaft-seal leakage shall be observed
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and the leak rate estimated. If the sealed shaft is a mov-
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 mea-
sure the leakage rate but not fewer than 5 min.

QV-7540 EndLoading. The pressure-containing por-
tions of valves that are to be qualified to this document

shall be designed to the applicable code selected by the
facﬂif} Qwmer.

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

QV-7542 End Loading for QV Category B Valve

A INH
NISTTIMTIUUTCSY

Tle end-loading test is not required if

(a) the intended application for the valve does not
imppse significant end-load reactions (e.g., a drain valve
with piping attached to one end of the valve does not
imppse 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 fhrough bolting holes and a provision for actuator
moynting and entrance of the valve stem/shaft) of such
proportions that the length of the valve body parallel
to thle 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.
sucl] that operation is not adversely affected. In tugpy,
this Joad is to be supplied to the piping system desigher
whqd must design his system such that the load*cannot
be ejxceeded.

(b} Qualify by test for the maximum load\(forces and
morfents) that can be placed on the valvé body such
that| operation is not adversely affected. In turn, this
load is to be supplied to the piping system designer
whqd must design his system stich that the load cannot
be ejxceeded.

(c) Require that the maxithum stress intensity in the
attathed piping, at the\pipe-to-valve junction resulting
fron} the combination'of the primary or local membrane
stregs (Py; or Pp)plus the bending stress (P;) plus the

required
for QV Category B valve assemblies.

QV-7550 Seismic Qualification. Seismic qualifica-
tion of check valves is not required under this ptandard
and may be covered by applicable’ design codps.

Those check valves with actuating means ihvolving
external weights, springs, or_a power actuatgr whose
purpose is to provide pbsitive closure or to [assist in
closure may be qualified by analysis that vetifies the
actuating device cannot degrade the function ¢r opera-
bility during and after a seismic event. Additionally,
those check valves with an external actuating device
whose solepiirpose is to provide a means for ip-service
testing of operability may be qualified by analysis that
verifies the actuating device cannot degrade the|function
or operability during and after a seismic event.

QV-7560 Functional Qualification

QV-7561 Valve Assembly to Be Qualified. The
valve functional qualification establishes key perform-
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 the¢ evalua-
tion of valve adequacy for service applications involving
flow reversal and resulting pressure surge progluced by
valve closure. The following activities shall] be per-
formed to justify the qualification for functiona) capabil-
ity of the valve assembly:

(a) Identify manufacturer, type, size, materia| (includ-
ing internal parts), and rating; stem packing; and corro-
sion inhibitor (as applicable).

(b) Establish orientation and system
application.

(c) Establish applicable fluid and syst
conditions.

(d) Establish sealing capability requiremnjents for

piping

em flow

1
Varves

expfinsion stress (P,), shall be limited to a value of
(Go/|Fp) % SyNGy, Sy defined below). That is,
Gy
(PMOI'PL) +pb+P€SF—hSy
. Gy

If Gy is unknown, then (F_b> may be taken as 1.0
when

F, = bending modulus of connecting pipe

G, = valve body section modulus at the crotch

region

P, = bending stress

P, = expansion stress

P; = local primary membrane stress

Py = primary membrane stress

(e) Establish stem shaft leakage limitations for valve.

Test-based methodologies that have been demon-
strated to reliably predict valve assembly performance
may be used to supplement valve-specific testing to min-
imize the range of flow testing in qualifying the valve
assembly.

QV-7561.1 Valve Qualification for Forward Flow.
Perform internal inspection of the valve assembly to be
qualified for material and surface condition and critical
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internal dimensions (including valve internal clear-
ances), and evaluate design-limiting tolerance combina-
tion in manufacturing process to assess valve predictable
behavior.

The valve assembly shall be installed in a piping sys-
tem capable of incrementally increasing volumetric and
mass flow rates to determine valve disk position at vari-
ous flows, including the full open, stable position against
a stop. A sufficient number of test runs shall be per-

If valve design is to be qualified for applications at
elevated temperature [above 212°F (100°C)], provision
will be required for heating the assembly to the desired
qualification temperature for this testing.

For the evaluation of valve adequacy to handle flow
reversals, it is required that an analytical model, a test, or
a combination of both be developed and demonstrated.

QV-7562 Extrapolation of Qualification for

Full\.ucl 1].iﬁ.'

......

formed fo verify the full open, stable characteristics of
the valve. The valve shall be protected against system
turbulenice. The test fluid shall be of equal or less density
than the| fluid of the valve application, or appropriate
momentpim corrections shall be made.

cation of the functional capability of a qualified| yalve
assembly to another valve assembly shall e\justified
using a combination of analytical comparison of physi-
cal attributes and diagnostic test data.,The folloyving

The tdst valve shall include a means to verify the activities shall be performed to justifythe extrapolgtion
valve digk position. The valve shall be protected against of the quahﬁca’aon for fl{nctlonal capablht}f:
unstablel flow conditions. (a) Establish applicability of valve type, size, and rat-
The nfass flow rate required ensuring full travel of ing (including internal parts and seat material); ori¢nta-

the disk o stable contact with a stop shall be determined.
At the fll open, stable flow condition, the flow velocity
and fluigl condition (data to determine the mass flow
rates) shhll be recorded. A sufficient number of test runs
shall be performed to verify the full open, stable charac-

tion; and any corrosion inthibitor of the valve assembly
being qualified to the~applicable qualified vplve
assembly.

(b) Perform internal inspection of valve assembly for
material and.Surface condition and critical intdrnal
dimensions,and evaluate design-limiting tolerfnce

teristics of the valve.
. . combination'to assess valve predictable behavior afd to
Q)-7561.2 Valve Qualification for Closing. The  establish applicability of construction to the qualified
test valvp assembly shall be installed in a piping system  y41v6 &Ssembly.
. ff)r wate flow testing. Tests shall be per.formed by estab- (c)" Establish applicability of fluid and environmental
- lishing flull forward flow or full opening of the valve, . ~isnditions for the valve assembly to be qualified tofcon-
- stopping forward flow at various rates, and observing.\“ Jitions applicable to the qualified valve assembly.
-~ the valvg closure.

- If flow reversal can occur prior to valve closure,.a test
t shall be performed to simulate the reverse flow.and the
valve open position to verify that sealing patts remain
intact and that seat wedging cannot ocgur. Typically,
flow revprsal can occur prior to valve closure when the
check vdlve closes to isolate a line break or when one
of a gropip of parallel pumps trips'and a check valve
closes td prevent pump short citediting.

NOTE: Free closing valves, in\which there is no quantifiable
restraint oh the closure elementas it approaches the seated position
other than|its inertia, will produce significant pressure surge during
a reverse flow test.

As sopn as conditions permit, following completion
of the vhlve_ dlesure, an observation shall be made of
the seat [leakage under differential pressure.

Valves i i i
greater than 29 deg (cone angle greater than 58 deg) are
not susceptible to seat wedging and need not be quali-
fied for seat wedging.

Valves shall be subjected to a static closed pressure
differential equal to the maximum static-plus-dynamic
pressure differential for which the valve is to be quali-
fied. The pressure shall then be removed and a determi-
nation made that the valve can open normally with the
minimum differential pressure in the normal flowing
direction.
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(d) Determine applicability of sealing capabjility
requirements.

(e) Cycle the valve assembly to be qualified uhder
static conditions with collection of diagnostic dafa to
verify proper assembly and establish basgline
parameters.

(f) Establish applicability of functional capabilify of
the valve assembly to be qualified for opening and flos-
ing under fluid flow and environmental conditions to
the qualified valve assembly through use of specifi¢ test
data or a test-based qualification methodology.

QV-7563 Demonstration of Functional Capability of
Production Valve Assemblies. The functional capability
of production valve assemblies shall be demonstgated
based on verification of the physical attributes, appllica-
tion, and diagnostic data for the production valve aspem-
blies consistent within manufacturing tolerances to its
qualified valve assembly. The following activities shall
be performed in demonstrating the functional capability
of production valve assemblies:

(a) Verify applicability of the production valve assem-
bly, e.g., including valve type, size, and rating; internal
parts; seat material; orientation; and any corrosion inhib-
itor, to its qualified valve assembly.

(b) Perform internal inspection of production valve
assembly for material and surface condition and critical
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internal dimensions (including valve internal clear-
ances) to assess valve predictable behavior and to estab-
lish applicability to its qualified valve assembly.

(c) Verify applicability of fluid and environmental
conditions, for the production valve assembly to condi-
tions for which its qualified valve assembly was
qualified.

(d) Verify applicability of sealing capability require-
ments for the production valve to its qualified valve

QV-7650 Seismic Qualification

(a) Seismic qualification is intended to demonstrate
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 as addressed in NRC
Regulatory Guide 1.100 (Revision 2) or Nonmandatory
Appendix QR-A.

assembly.

(e} Cycle the production valve under static conditions
with collection of diagnostic data (disk position, etc.) to
verify proper assembly and establish baseline
pargmeters.

(fd Verify applicability of functional capability
(including stroke time) of the production valve assembly
for dpening and closing under fluid, environmental, and
system flow conditions to its qualified valve assembly
through use of specific test data or a test-based qualifica-
tion|methodology.

QV-7564 Post-Installation Verification and IST
Base¢line. After the valve has been installed in the facil-

(c) All essential-to-function accessories |shall be
attached to the valve assembly. The essentialt6{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 acfordance
with IEEE Std 344 or Nonmandatory Appendjx QR-A.

QV-7660 Functional Qualification. Functiofal quali-
fication for pressure reliefwalve assemblies sHall be as
delineated in ASME/Boiler and Pressure Vespel Code
Section III, Subsections NB, NC, or ND 7000. The rules
of Section Il also-govern the extrapolation of tegt results,
as well as the extension of test results to prpduction
valves.

ity, the valve shall be cycled under representative fluid
flow| conditions as necessary to collect diagnostic data QV-7661 Tests Prior to Initial Operation. Valve
(disk position, etc., as applicable) for use in future per-  assémblies shall be tested prior to initial ingtallation

600 Qualification Requirements for Safety and

aszdelineated in ASME OM Code OM-1, Appendix 1,
Subsection 1-3100, or 1-7100.

° . QV-7662 Post-Installation Verification/and IST (12)
Relief Valve Assemblies Baseline. After the valve assembly has been [installed
V-7610 Initial Considerations. The ranges 0f the  in the facility, the valve shall be tested as required by
test pressure, temperature, and flow for the valve shall ASME OM Code OM-1, Appendix 1, Subsectiopn 1-3200,
be defined in the Qualification Plan and documented in  or 1-7200. The requirements of QV-7662 are the fesponsi-
the Functional Qualification Report. bility of the Owner.
V-7620 Environmental and Aging. For power-
actupted pressure relief valve assemblies, the actuator  Qy-8000 DOCUMENTATION REQUIREMENTS
mudt be environmentally quaflified if the actuator is )
religd upon for the active safety function of the valve. QV-8100 Documentation Scope 12

ion of other nofimetallic parts that are critical to
valve assembly perférmance may be performed in accor-
dange with Nonmandatory Appendix QR-B.

QV-7630-Seat Tightness

QV;7631 Seat Leakage. Seat leakage shall be
detgrmyiried at 90% of set pressure. Allowable leak rate
chal . . e A
QV-7640 EndLoading. The pressure-containing por-

tions of valves that are to be qualified to this document
shall be designed to the applicable code selected by the
facility Owner.

QV-7641 End Loading for QV Category A Valve
Assemblies. Not applicable to pressure relief valves.

QV-7642 End Loading for QV Category B Valve
Assemblies. End-loading qualification is not required
for QV Category B relief valves.

69

(a) Qualification documentation is intended|to verify
that each valve assembly used in a nuclear facilty 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 tegting and
analysis that is conducted as part of the qualifi
program.

required to translate the Qualification Specification into
a step-by-step qualification program and the testing and
analysis that is conducted as part of the qualification
program.

(c) A Functional Qualification Report, as described in
QV-8310, is required to document compliance of the
qualified valve assembly and its production valve
assemblies with Section QV.

(d) An Application Report, as described in QV-8320,
is required to document the suitability of any qualified
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valve assembly and its production valve assemblies for
a specific nuclear facility application.

QV-8200 Qualification Plan

A Qualification Plan, which may be part of the
Functional Qualification Report, shall be prepared with
appropriate inspection and test record forms to define
test objectives, test fluids, test instrumentation, condi-
tions of the test, orientation, permissible maintenance

QV-8320 Application Report

(1) An Application Report is required to demonstrate
the suitability of any qualified valve assembly and its
associated production valve assemblies to meet the
requirements of a specific application. An Application
Report is required for each serial-numbered valve
assembly, except that valve assemblies whose construc-
tions and service conditions are identical, differing only
in serial numbers and tag numbers, may be combined

or adjusfments, and acceptance criteria. The plan shall
also spedify the activities to ensure that production valve

into one Application Report.
(b) The Application Report shall reference the afjpro-

assemblies will perform consistently with their applica- priate Functional Qualification Report and shall futther
ble qualified valve assembly. See Guide to ASMEQME-1  show how each of the specific applicatioh.requirenjents
Standafd, Section QV, “Determination of Valve  of the Qualification Specification ate’appropridtely

Assembly Performance Characteristics,” for information
on preplaring the section of a Qualification Plan

addressed by the Functional Qualification Repoft or
other tests and analysis as outlined-in this Section

addressfng functional capability demonstration for (c) Where prequalified pafis of the valve assenbly
valve aspemblies to be qualified and their production  (je., valve, actuator, solendids, limit switches, etc)) are
valve asgemblies. utilized as part of the valve assembly qualification|, the
Application Report shall reference the report(s) gpon

QV-830¢ Reports which such prequalification is based. In addition, it inust
QV-8310 Functional Qualification Report be shown that the‘'mounting and integration of this|pre-

(a) A [Functional Qualification Report shall be pre-  qualified part drvthe valve assembly does not degragle or
pared fqr each qualified valve assembly qualified in  otherwise interfere with the prequalification of the part.

accordarjce with this Section of the standard directly or
by extrapolation. This Functional Qualification Report
shall prgvide complete identification of the valve by
type, size, pressure rating, actuator type and size, and
other dqta as appropriate, including the Qualification
Plan, tegt results, and inspection data. The Functional
Qualificgtion Report shall also contain a summary of the

(d) The-Application Report shall contain the foljow-
ing, astapplicable:
(1) Serial number, tag number, or other unfque
identification of the valve assembly.
(2) Complete description of the valve assernbly
construction configuration, including an asserpbly
drawing. This description shall include a complete iden-

parametprs established by the functional qualification  ification of the valve by type, size, pressure rating) and
testing and analysis for both the qualified valve'assem- . tyator type and size.
bly and |its production valve assemblies, Any specific (3) A summary of the functional parameters|and

limitatiopns that restrict qualification shall-be stated. See
Guide to ASME QME-1 Standard,) Section QV,
“Deterthination of Valve Assembly Performance

how they are met by the valve assembly.
(4) Reference to the Functional Qualificajtion
Report(s) upon which qualification is based.

Charactgristics,” for information.oh preparing the sec-
tion of 4 Functional Qualifieation Report addressing th (5)1 All test r}(:lsults tz?nfc.l anteﬁyses us.ed to sthox/\; i};t
functiorjal capability demenstration of the qualified € valve assembly satishies the requirements of) this
valve as$embly and its¢production valve assemblies. Section for the specific apph.ceftlor.l.

(b) Where prequélified components of the valve (6) Reference to the qualification reports for allfpre-
assembly (i.e., valve, actuator, solenoids, limit switches, qualified components used per above.
etc.) are ptilizedvds’part of the valve assembly qualifica- (7) Any specific limitations that restrict application
tion, the[Fumctional Qualification Report shall reference shall be stated.
the report(s)tipon which such prequalification is based. (8) Additional information as may be necessaly to
In addition, It must be shown that the mounting and sSupport the demonstratiorn of furctionat capabitity for

integration of this prequalified component on the valve
assembly does not degrade or otherwise interfere with
the prequalification of the component.

(c) Each Functional Qualification Report shall be cer-
tified to be correct and complete and to be in compliance
with this Standard by one or more registered profes-
sional engineers representing the organization responsi-
ble for the functional qualification.

the qualified valve assembly and its production valve
assemblies. See Section QV-G for information on prepar-
ing the section of an Application Report addressing
functional capability demonstration.

(e) Each Application Report shall be certified by one
or more registered professional engineers to be correct
and complete and to be in compliance with Section QV
of this Standard.
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