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FOREWORD

Inservice testing (IST) is used at nuclear facilities to examine, test, and monitor pumps, valves, and dynamic restraint
devices. ASME OM-2, Component Testing Requirements at Nuclear Facilities, is a component code intended to be used for

IST at nuclear facilities of various designs. ASME QM, Operation and Maintenance of Nuclear Power Plants, pr
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This pu

nts for the performance of IST at water-cooled nuclear power plants. The purpose of IST is to test, exaniin
imps, valves, and dynamic restraint devices to ensure the operational readiness of the componentta,pe

fected and remedied prior to the component being incapable of performing its specified functions.
ASME OM specifically for light water reactors (LWRs). Additionally, ASME made several‘accommod

ht online. Areason for this is that ASME prepared ASME OM after many of those plants were built and ope
b expansion and evolution of the nuclear industry to facilities that are significantlydifferent than the cur
LWRs, ASME recognized that another code, ASME OM-2, for IST of components in'/new and advanced re

br these new facilities are appropriate for the functions that they are to provide, that they are correctly sizg

on are compatible with the system fluid conditions, pressures, témperature, and chemistry.
requisite, components thatare to be in the IST program shall have'been qualified by ASME QME-1, prior t

ASME OM-2, ASME prepared a reformatted edition of ASME’‘QME-1 to allow its more effective applicati
cilities with various designs. As part of that qualification, the Owner is to provide the parameters

t that need to be periodically monitored to ensiire the operational readiness of the compong
s specified functions. In addition to the periodic.ahd condition-monitoring frequencies specified i
hufacturer-specified inservice activities and associated frequencies shall be met, or alternatives jus
ner,and, ifrequired by the applicable regulatory-authority, submitted for the regulator’s review and accep
e large number of different types of reactor systems being planned, and those that will be developed

ME OM-2 does not identify the specifigConiponents and specified functions that are to be tested in accor
ode. The selection of those specific components and specified functions is required to be completed by

reen the system and facility designers, the component manufacturer, and the applicable regulatory aut}
Lified, those components musticomply with ASME OM-2 unless an alternative is justified by the Owner

y the applicable regulatory-atithority, submitted for the regulator’s review and acceptance.

le does not include specific requirements for the application of risk insights. An applicant may use risk in
into consideration the reactor design and planned operation in proposing its IST Program Plan for revie
b as required by the dpplicable regulatory authority.

1E Committee af)Operation and Maintenance (OM Committee) of Nuclear Power Plants is tasked to ensuf
ed componenttest requirements contain the general and specific requirements necessary for those ¢

ts in nuclear facilities. While ASME prepared ASME OM-2 with nuclear facilities as the focus, non-n
hayise ASME OM-2 for IST of components in their facilities.
blication, the 2024 edition of Operation and Maintenance of Nuclear Power Plants, was approved by the

e, and
rform

d functions. Both ASME OM and ASME OM-2 accomplish this by trending degradation so that suchl degradlation

ASME
htions

DM in the testing of components because many components cannot be fully tested with the nuclear

ating.
rently
hctors

bd. ASME designed ASME OM-2 with the basic prerequisite that components that are to be part of the IST
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f their
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h, or by a qualification method justified by the Owner to thé«applicable regulatory authority. At the time of
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are selected'to be tested. ASME OM-2 is one of these OM Committee codes available for inservice testing of

clear

ASME

Board on
October 1

Nuclear Codes and Standards. ASME OM-Z-20Z24 was approved by the American National Standards Instit
1, 2024.
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CORRESPONDENCE WITH THE OM COMMITTEE

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

Revisions and Errata. The committee processes revisions to this Code on a continuous basis to incorporate changes
thatappedr necessary or desirable as demonstrated by the experience gained from the application of the'Code. Appoved
revisions will be published in the next edition of the Code.

In addition, the committee may post errata on the committee web page. Errata become effective 'on the date ppsted.
Users can|register on the committee web page to receive email notifications of posted errata.

This Codle is always open for comment, and the committee welcomes proposals for revisions:Stich proposals shopld be
as specifigas possible, citing the paragraph number, the proposed wording, and a detailed-description of the reasdns for
the propopal, including any pertinent background information and supporting documentation.

Cases
(a) Theg most common applications for cases are
(1) t¢ permit early implementation of a revision based on an urgent vieed
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly injto the Code
(4) to permit the use of a new material or process
(b) Usefrs are cautioned that not all jurisdictions or owners gutomatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom df manufacturers, constructors, or owners to:choose any method of design or any form of constructioh that
conforms [to the Code.
(c) Aptoposed case shall be written as a question'and reply in the same format as existing cases. The proposal shall also
include thie following information:
(1) a|statement of need and background information
(2) the urgency of the case (e.g., the\ecase concerns a project that is underway or imminent)
(3) the Code and the paragraphyfigure, or table number
(4) the editions of the Code to which the proposed case applies
(d) A cgseis effective for use when the public review process has been completed and it is approved by the coghizant
supervisoly board. Approvedicases are posted on the committee web page.

Interprdtations. Uporirequest, the committee will issue an interpretation of any requirement of this Code. Anlinter-
pretation|can be issued/only in response to a request submitted through the online Inquiry Submittal Fofm at
https://gq.asme.opg/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic[email
confirming receipt.

ASME dpeshot'act as a consultant for specific engineering problems or for the general application or understanding of
the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer should
seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers can
track the status of their requests at https://go.asme.org/Interpretations.

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

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

» o«
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Committee Meetings. The OM Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/OMcommittee.
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GENERAL

PREFACE

In 2022, the ASME OM Committee directed that two separately published ASME codes be considered. ASME OM-2,

Component Testing Requirements at Nuclear Facilities, is the second published ASME OM Committee code. The first
OM Comnpittee code is ASME OM, Operation and Maintenance of Nuclear Plants.
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repared ASME OM-2 to specify provisions for IST programs that will be appropriate for all types-of n
Components within the scope of ASME OM-2 include those that perform one of the following ‘functig
erate, allow, throttle, or isolate fluid flow

vide pressure relief

blish dynamic restraint to ensure the structural integrity of piping systems and their components
lify ASME OM-2 language, the components that perform these functions are referredto as pumps, valve
estraint devices in ASME OM-2. However, the components performing these-functions in certain n
nuclear facilities might have significantly different designs than components performing those fun
water-cooled reactors. The IST provisions in ASME OM-2 may be specified for application to compg
'm the functions within the scope of ASME OM-2 for all types of nuclear facilities, regardless of the design
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M-2 has a General Requirements section followed by sectiois that address program and testing require
ic restraint devices, pumps, and valves. The last two sections are a glossary and a list of references, respec
GR, General Requirements

DRD, Dynamic Restraint Devices

CP, Centrifugal Pumps

PDP, Positive Displacement Pumps

AOV, Air-Operated Valves

CV, Check Valves

HOV, Hydraulically Operated Valves

MOV, Motor-Operated Valves

MV, Manual Valves

PAV, Pyrotechnic-Actuated ‘Valves

PRD, Pressure Relief Devices

SOV, Solenoid-Operated Valves

VLT, Requirements\for Valve Leak Testing

GL, Glossary

REF, References
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BASIS FOR INITIAL CODE SECTIONS
Section GR

In this Code, Section GR describes general requirements related to the purpose, scope, Owner responsibilities, compo-
nent qualification, IST Program approval, IST equipment, IST Program Plan contents, IST examination and test frequency
grace periods, corrective action, and records to assess the operational readiness of components in the IST Program to
perform their specified functions at nuclear facilities. In contrast to ASME OM, Section GR indicates that the user of this
Code will develop a proposed IST Program, including its scope, for review and acceptance as required by the regulatory
authority as part of the licensing process for the nuclear facility. To implement this Code, the user isrequired to provide for
the qyalification of componentsin the IST Program to perform their specified functions in accordance with ASME QME-1
as acdepted by the applicable regulatory authority or by another method justified by the applicant as partof the licensing
process for the nuclear facility based on review and acceptance by the applicable regulatory authority. Jection GR
indicdtes that the periodic and condition-monitoring frequencies specified in this Code may be adjustéd baded on rec-
ommeéndations for periodic IST that are included within the ASME QME-1 Qualification Report thatwas prepdred by the
manufacturer. Section GR allows alternatives to this Code to be applied, provided the altepnatives established by the
Owneyr are submitted for review and acceptance as required by the applicable regulatory atthority.

Sectign DRD

Section DRD specifies that dynamic restraint devices (DRDs) within the scope of this Code shall meet the reguirements
specified in Section GR and this section. Section DRD includes provisions for’examination and testing of dynamic
restrdints that are based on provisions provided in Section ISTD of ASMEOM. Changes were made to fadilitate use
in adyanced reactor facilities and include the scope of Section DRD,¢which differs from Section ISTD in|regard to
types|of restraints that are to be tested in accordance with ASME OM-2.

Sectigns CP and PDP

Section CP specifies that centrifugal pumps (CPs) within the scope of this Code shall meet the requirements|of Section
GR and this section. Section PDP specifies that positive displacement pumps (PDPs) within the scope of this [Code shall
meet the requirements of Section GR and this section~Sections CP and PDP include provisions for pump tepting from
Sectidns ISTB and ISTF of ASME OM with improvements based on lessons learned from the implementation of the ASME
OM Copde Case on pump condition-monitoring program that is applicable to current nuclear power plants. Fof example,
these|sections include provisions for conditionronitoring of pumps or equivalent components to be used infadvanced
reactgr facilities.

Sectigns AOV, CV, HOV, MOV, MV, PAV, PRD, and SOV

Sections AOV, CV, HOV, MOV, MV,J)PAV, PRD, and SOV specify that valves within the scope of this Code shall meet the
requirements of Section GR and the applicable section of this Code. These sections include provisions for valve testing
from Pection ISTC of ASME.OM with improvements based on lessons learned from the implementation of AYME OM at
current nuclear power plants. Section PRD includes provisions for testing pressure relief devices (PRDs) basefl on ASME
OM, Mandatory Appendix I. Section CV includes provisions for condition monitoring of check valves (CVs) dllowed by
ASMH OM, Mandatory" Appendix II. Section MOV includes provisions for diagnostic testing of motor-operaged valves
(MOVE) from ASME OM, Mandatory Appendix III. Section AOV includes provisions for diagnostic testing of aif-operated
valves (AOVs).frem ASME OM, Mandatory Appendix IV. Sections HOV and SOV include provisions for diagnosti¢ testing of
hydraulic-operated valves (HOVs) and solenoid-operated valves (SOVs), respectively, based on lessons leafned from
ASMH OM;Mandatory Appendix IV. Section MV includes provisions for testing of manual valves (MVs) in ljght of the
reliance of Tmanuat operation of vatves I SOTE INSTances to perform specified functions immuctear facititiesSection PAV
specifies provisions for testing pyrotechnic-actuated valves (PAVs) based on provisions in ASME OM for nuclear facilities
that use this valve type for specific functions, such as gravity-driven reactor cooling systems.

Section VLT

Section VLT specifies that leak testing of valves within the scope of this Code shall meet the requirements of Section GR
and this section. Section VLT includes provisions from ASME OM for leak testing of valves in the IST Program with
improvements based on lessons learned from the implementation of ASME OM at current nuclear power plants.

xiii


https://asmenormdoc.com/api2/?name=ASME OM-2 2024.pdf

Section GL

Section GL provides a glossary to ensure a uniform understanding of selected terms used in this Code. Section GL notes
that definitions of related pressure relief device terms can be found in ASME PTC 25.

Section REF
Section REF provides a list of publications referenced in this Code.

PROGRAM AND TESTING REQUIREMENTS

Each seftion contains general program requirements common to all components and specific program and tpsting
requiremgnts to be applied to components as required by Owners and as accepted by the applicable regulatory authority.
Section$ are generally component specific, but the section on valve leak testing is to be applied to any of thewvalve{types

for which |leakage is to be limited or monitored as specified by the Owner and required by the applicable regujatory
authority.

Xiv
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CROSS-REFERENCING IN ASME OM-2

ASME OM-2 uses the following structural and stylistic conventions to aid users in navigating the contents:

Hierafchy of Subparagraph Breakdowns

.
= — WL

irst-level breakdowns are designated as (a), (b), (c), etc.
econd-level breakdowns are designated as (1), (2), (3), etc.
hird-level breakdowns are designated as (-a), (-b), (-c), etc.
ourth-level breakdowns are designated as (-1), (-2), (-3), etc.

CrossiReferences

Thd cross-references within a paragraph do not include the alphanumeric desighator of that paragraph. The cross-
refergnces to a subparagraph breakdown follow the hierarchy of the designatotsiunder which the breakdowp appears.
The fpllowing examples illustrate the format:

¢ If DRD-1(a) is referenced in DRD-1(b), it is referenced as (a).

DRD-2.2.1(a)(1) is referenced in DRD-2.2.1(a)(2), it is refereniced as (1).
DRD-2.2.1(a)(1) is referenced in DRD-2.2.1(b), it is referenced as (a)(1).
DRD-2.2.1(a)(1) is referenced in DRD-2.2.2, it is referenced as DRD-2.2.1(a)(1).

— b —
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Section GR
General Requirements

Section GR, General Requirements
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INTRODUCTION

1 Purpose

5 Code provides requirements for inservice testing
program activities to assess the operational readi-
f certain components to perform specified functions
lear facilities. IST Program activities include base-
sting, which might also be referred to as preservice
g, periodic and condition-based IST, examination,
onitoring, and are designed to assess the opera-
readiness of the components to perform specified
ons.

2 Scope

The components and component functions within
ppe of this Code is specified as part of the plantlicen-
rocess.

The requirements of this Code shall be met for the
s, valves, and dynamic restraint devices specified as
i the scope of this Code.

An applicant or licensee may apply risk insights in
bping and implementing its IST Program:»This Code
ot include specific requirements for-the application
k insights. An applicant may use.risk insights that

into consideration the rleactor design and
ed operation in proposing.its IST Program Plan
view and acceptance, as tequired by the applicable
tory authority.

This Code also appliés to components with other
5 that perform¢Similar functions identified by the
ant.

The components within the scope of this Code
e operational readiness will be assessed by demon-
hg thatthey are capable of performing specified

(

5 ) © O
(2) provide pressure relief

ons;<Which includes the following:

OCNCrate OW, a

3 OJE
capability

(3) provide dynamic restraint within established
acceptance limits

i

tions,

This Code applies to the components’ specified func-
including any associated leakage criteria, as deter-

mined by (a).

(g) Selection of components to be specified;
the scope of this Code shall include review-0f1S’]
and recommendations from the system ar
designers and component manufacturers.

(h) This Code uses information-obtained 1
electrical equipment solely td_eyaluate the cg
components within the s€ope of this Code.
requirement of this Codé:to provide an evaluati
trical equipment.

GR-1.3 Definijtions

See Section)GL for a glossary of terms ne
understand the intent of the Code and that a
to the Code.

GR=2 OWNER REQUIREMENTS
GR-2.1 General

It is the Owner’s responsibility to
(a) have documentation available for review]
plicable regulatory authority that
(1) demonstrates components within th
this Code are capable of performing their sped
tions under design-basis conditions in accord
GR-2.2
(2) supportstheimplementation ofthis Co
tify degradation when assessing the operationa
of the applicable components to perform thei
functions
(b) include in the facility design any nece
control devices, instrumentation, test loops
fluid inventory, or other testing provisions

as within
[ activities
d facility

elative to
ndition of
t is not a
on of elec-

ressary to
re specific

by the ap-

e scope of
ified func-
ance with

detoiden-
readiness
" specified

sary flow
required
[0 comply

with the requirements of this Code
(c) make available design and operating i
rogra
procedu

activities
(e) qualify personnel who perform and evaluate IST
activities
(f) provide access for personnel and equipment neces-
sary to perform IST activities
(g) establish the means to measure the parameters

identified for evaluation of the operational re

formation
S
es for IST

adiness of

each component to perform its specified function
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Section GR, General Requirements

(h) retain IST Program records for the service lifetime
of the component

(i) provide documentation of a Quality Assurance
Program that is acceptable to the applicable regulatory
authority

(j) listthe Owner’s specified acceptance criteria for IST
activities in the facility records

(k) ensure that the application, method, and capability
of each nonintrusive technique is qualified

ASME OM-2-2024

(e) Code Cases proposed for use and the extent of their
application

(f) alternative methodologies to be used for IST activ-
ities when the design or type of component does not fit
into one of the types of components delineated in the spe-
cific sections of this Code

(g) the applicable revision of the plan

(h) the name and address of the Owner

(i) the name and address of the facility

GR-2.2 Qualification

GR-2.2.1 Prior to installation, components within the
scope of tHis Code shall be qualified to perform their speci-
fied functions in accordance with ASME QME-1 as
accepted py the applicable regulatory authority or by
another method justified by the applicant as part of
the licensIng process for the nuclear facility.

GR-2.2.2 If an installed component undergoes modi-
fication, rgpair, or maintenance or experiences a condition
beyond thg qualification of the component, the component
shall be r¢qualified to perform its specified functions in
accordande with ASME QME-1. If the modification, repair,
maintenance, or experience is within the qualification,
then prior| to installation or return to service, the compo-
nent shalll demonstrate operational readiness.

GR-2.2.B The qualified life, as defined in ASME QME-1,
of a particular equipment item may be changed during its
installed Jife when justified in accordance with ASME
QME-1.

GR-2.3 IST Program Plans

GR-2.3.1 ISTProgram Plan Approval. The Owrier shall

(a) submit the IST Program Plan forhe initial IST
Program interval for review and acceptance as required
by the applicable regulatory authorityas'part of the plant
licensing process

(b) prdpose a periodic update interval for the IST
Program Plan for implementing revised editions of this
Code to the applicable regulatory authority during the
licensing process for the\nuclear facility

(c) identify planmedalternatives to any provisions of
this Codel[in the dnitial plan for review and acceptance
as requirgd by-the applicable regulatory authority

GR-2.3.2YIST Program Plan Contents. Each IST

(i) the name and number desicnationof the Farility
uJ O

(k) the commercial service date of the facility
(1) grace periods for testing and examination/intervals

GR-2.4 IST Equipment

GR-2.4.1 Range and Accuracy--Egquipment uged in
performing IST activities shall have-the range and|accu-
racy necessary to demonstrate‘eonformance to the IST
requirements in this Code

GR-2.4.2 Calibration. Equipment used in performing
IST activities shall have)accuracy verified or be calibrated
in accordance with the Owner’s Quality Assufance
Program.

GR-2.5 IST Program Requirements

(a)cFollowing initial qualification of each component
and its installation in the nuclear facility
(1) Postinstallation testing shall be performed as
required.
(2) IST baseline testing shall be completed for each
component within the period specified in the applficable
sections.
(3) An inservice test shall be current within the
established frequency prior to a component peing
relied on to perform its specified function.
(b) The periodic and condition-monitoring frequéncies
specified in this Code may be adjusted based on the provi-
sions of this Code and recommendations for periodic IST
that are included within the ASME QME-1 Qualifi¢ation
Report that was prepared by the manufacturer.
(c) The Sections in this Code applicable to sgecific
components impose additional IST Program requirements
for those components.

GR-2.6 Inservice Examination and Test Freqyency
Grace

Program Plan for IST activities, including baseline activ-
ities, shall include the following:

(a) the edition of this Code that applies to the IST activ-
ities

(b) identification ofthe components and specified func-
tions within the scope of this Code

(c) qualification description for each component
within the scope of this Code

(d) IST activities for each component and the interval
for each IST activity

This Code specifies component test frequencies.

(a) Components whose test frequencies are based on
elapsed time periods such as quarterly (or every 3
months) shall be tested with a specified time period
between tests as shown in Table GR-2.6-1. The specified
time period between tests may be reduced or extended as
follows:

(1) For periods specified as less than 2 yr, the period
may be extended by up to 25% for any given test.
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Table GR-2.6-1
Test Frequency and Time Between Tests

Specified Time Between

Frequency Tests
Quarterly (or every 3 months) 92 days
Semiannually (or every 6 months) 184 days
Annually (or every year) 366 days

x calendar years where x is a
whole number of years > 2

X years

Section GR, General Requirements

GR-4 RECORDS

GR-4.1 Qualification Records

The Owner shall maintain records confirming qualifica-
tion of all components within the scope of this Code and
any requalification determined to be necessary.

GR-4.2 IST Program Plan Records

The Owner shall maintain records of the jnitial IST

P) For periods specified as greater than or equal to 2
yr, the period may be extended by up to 6 months for any
given|test.

3) All periods specified may be reduced at the
discrption of the Owner (i.e., there is no minimum
periodl requirement).

#) Frequencies can be modified or changed based
on cdndition or performance monitoring that could
include manufacturer recommendations that are
provided by the ASME QME-1 Qualification Report,
wherje the condition or performance-monitoring
meth¢d to be used has been accepted by the applicable
regulatory authority.

(b)| Period extension is to facilitate test scheduling and
consiflers plant operating conditions that might not be
suitahle for performance of the required testing (e.gs,
perfofmance of the test would cause an unacceptable
incregse in the plant risk profile due to transient condi-
tions pr other ongoing surveillance, test, or maintenance
activities). Period extensions are not intended\to be used
repedtedly merely as an operational conVenience to
extenfl test intervals beyond those specified.

(c)|Period extensions may also_be applied to acceler-
ated tpst frequencies (e.g., pumps in dlert range) and other
test frequencies less than 2 yr not specified in
Table| GR-2.6-1.

(d)| Components whos$e\test frequencies are based on
the odcurrence of plart conditions or events may not have
the pg¢riod between tests extended except as allowed by
this Qode.

GR-3| CORRECTIVE ACTIONS

Corrective actions shall he performed in accordance

Program Plan and each revision of the IST| Program
Plan to demonstrate compliance with this Godle.

GR-4.3 IST Activity Records

The Owner shall maintain records of IST [activities,
including the following as a minimum:

(a) component identification

(b) date of IST actiyities

(c) description ofteach IST activity (e.g., pgstmainte-
nance, baseline orperiodic IST testing, establishing refer-
ence values, etc.)

(d) baseling or IST procedure used

(e) identification of equipment used

(f), calibration records or traceability to calibration
records

(g) values of measured parameters

(h) comparison with acceptance criteria fo1l the base-
line or IST values, and analysis of deviations

(i) documentation of the persons responsible for
conducting and independently analyzing th¢ baseline
or IST activity per the Owner’s Quality Assurance Program

GR-4.4 Corrective Action Records

The Owner shall maintain records of corrective actions
in accordance with the Owner’s Quality Assurance
Program.

GR-4.5 Record Maintenance

The Owner shall file records, maintain re¢ords in a
retrievable format, and provide adequate protection
from deterioration and damage for all recorfls related
to the implementation of this Code in accordance with
the Owner’s Quality Assurance Program.

with the Owner’s Quality Assurance Program. Compo-
nent-specific corrective action requirements are specified
in individual sections of this Code.
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Section DRD
Dynamic Restraint Devices

DRD-1 INTRODUCTION

Dynamil restraint devices within the scope of this Code
shall meet the requirements specified in Section GR and
this Sectign.

(a) Dyrlamic restraint devices such as mechanical and
hydraulic pnubbers are within the scope of this Code and
shall mee} all requirements for inservice examination,
testing, ard service life monitoring as specified herein.

(b) Dynamic restraint devices such as wire energy-
absorbinlg rope, gap restraints, energy absorber
restraints| and viscoelastic dampers are not within the
scope of this Code and shall only be required to meet
the applicable requirements of the Code selected for inser-
vice inspection of components by the Owner.

DRD-2 DYNAMIC RESTRAINT DEVICE
REQUIREMENTS

DRD-2.1 |General Requirements

(a) Modification, repair, or replacement activities
performdgd on dynamic restraint devices shall be
performed in accordance with the requirements) of the
Code selefcted for inservice inspection oficomponents
by the Owner.

(b) Dynamic restraint devices shall net be adjusted,
maintaingd, or repaired before an-examination or test
specifically to meet the examination-er test requirements.

(c) Dyrfamic restraint devices that are maintained or
repaired py removing or adjusting a device part that
can affect the results_6f‘operational readiness tests
shall be r¢tested in accordance with this Section before
returning|the devite\to service. Additionally, the visual
examination requiréments of this Section shall also be
met prior|to feturning the device to service.

(d) If ah unanticipated transient dynamic event that

(e) When a dynamic restraint device is determit|1ed to
be unacceptable, it is the responsibility of the Owher to
identify the extent to which any systems, ‘structuifes, or
components (SSCs) might be affected by the unacceptable
condition. An evaluation shall be performed to detefmine
potential effects and any required corrective actions.

(f) Dynamic restraint device’ operational readiness
testing shall meet DRD-2.1,2;-:DRD-2.3, and DRD-2{4.

DRD-2.1.1 General Examination Requirements

(a) Examination, Boundary. The examination bpund-
aries shall include.the dynamic restraint device ass¢mbly
from the conneCtion point of the building or supportptruc-
ture to the connecting point of the pipe or equipmentt, pin-
to-pin inélusive (if so equipped).

(b) Visual Examination. Dynamic restraint devicep shall
be visually examined as specified in DRD-2.2.

{¢) Visual Examination Acceptance Criteria. The Qwner
shall establish and document visual examination 3ccep-
tance criteria for each applicable baseline examination
and IST parameter specified in this Section. Dgvices
not meeting the established criteria shall be deemg¢d un-
acceptable, unless evaluated otherwise in accordancp with
the Owner’s Quality Assurance Program.

DRD-2.1.2 General Testing Requirements

(a) Operational Readiness Testing Loads. Dypamic
restraint devices shall be tested at a load sufficignt to
verify the test parameters specified in this Seftion.
Testing at less-than-rated load must be correlated to
test parameters at the rated load, as applicable.

(b) Test Parameters and Methods. Guidelines for gstab-
lishing operational readiness test methods may be applied
from other sources, where justified.

(c) Operational Readiness Test Acceptance Criterif1. The
Owner shall establish and document test acceptance

might affect dynamic restraint device operational readi-
ness occurs and is identified outside the scope and perfor-
mance of scheduled visual examination or operational
readiness testing, then the affected device and systems
shall be reviewed and any appropriate corrective
action taken. Any action so taken shall be evaluated inde-
pendent of the requirements of the visual examination and
operational readiness testing requirements of this
Section.

criteria for each applicable baseline test and IST param-
eter specified in this Section, including those items
discussed in (a) and (b). Devices not meeting the estab-
lished criteria shall be deemed unacceptable.
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DRD-2.1.3 General Service Life-Monitoring Require-
ments

(a) Service Life Monitoring. Service life monitoring of
the dynamic restraint population shall be based on knowl-
edge of the operating environment, snubber design limits,
and service records.

(b) Service Life-Monitoring Reevaluation. Service life
monitoring of the dynamic restraint population shall
be reevaluated at least every service cycle.

Section DRD, Dynamic Restraint Devices

(d) Baseline Thermal Movement Examination Require-
ments. Thermal movement allowances required by design
shall be verified as required by this Section.

(1) Incremental Movement Verification. During
system heat-up and cooldown at temperature plateaus
specified by the Owner, verify that the device movement
during the thermal movement of the system is within the
design-specified range. Any discrepancies or inconsisten-
cies shall be evaluated to determine the movementaccept-

(c)| Separate Service Life-Monitoring Populations.
Depending on the significance of the environmental
extrenes from one area in the plant to another, separate
and diistinct service life-monitoring populations shall be
established.

DRD42.2 Specific Examination Requirements
DRD-2.2.1 Baseline Examination

(a)| Baseline Examination Requirements. An initial base-
line gxamination shall be performed on all dynamic
restrpint devices prior to or during initial plant
startyip. The initial baseline examination shall, as a
mininpum, verify the following:

1) No visible signs of damage or impaired opera-
tional readiness exist as a result of storage, handling,
or indtallation.

) The deviceload rating, location, orientation, posi-
tion detting, and configuration (e.g., attachments and
extenfsions) are in accordance with design drawings
and specifications.

B) Adequate swing clearance is provided:to.allow
movement of the device in accordance with. design re-
quirements.

) If applicable, fluid is at the reecommended level,
and nfo fluid leakage from the devige.is*observed.

5) Structural connections, such’ as pins, bearings,
studs| fasteners, lock nuts, tabs,.wire, and cotter pins,
are irlstalled correctly.

) For dynamic restraint devices placed in new or
modified systems, baseline examinations shall be
perfofrmed prior to.declaring the supported system to
be operationally ready to perform its function.

(b)| Baseliné Examination Corrective Action. Dynamic
restrdint devices that are installed incorrectly or other-
wise fajl to)meet the requirements of this Section shall
be reinstalled correctly, adjusted, repaired, or replaced.

n]f\i]if‘y before prr\rnnr‘ing to-the next cpnriﬁ'ﬂd heat-up

plateau.

(2) Swing Clearance. Verify that swing |clearance
exists at specified heat-up and cooldown plateaus.

(3) Total Movement Verification.,The total thermal
movement from cold to hot at full.operating temperature
shall be recorded. This value shall be measured directly if
maximum operating température was attained or extra-
polated from lower temperature readings. The ¢old or hot
position setting shallbe-eévaluated and adjustedl, if neces-
sary, to ensure adequate clearance exists for the device to
move from cold te’hot positions.

DRD-2.2.2 Inservice Examination. Dynami¢ restraint
devices shall be visually examined on the requifed sched-
ule and\evaluated to determine operational re¢adiness.

(a) "Method and Objective. Inservice examingtion shall
bée\a visual examination to identify physical damage,
leakage, corrosion, or degradation that mjght have
been caused by environmental exposure or seryice condi-
tions. External characteristics that might indicpte opera-
tional readiness of the device shall be examined.

(b) Dynamic Restraint Device Categorizatio

(1) All of the dynamic restraint devices shall be cate-
gorized as one population for examination or cjtegorized
as separate populations based on significant gttributes.

(2) The decision to categorize the devides as one
population or as separate populations mayl be made
before the examination period begins or duringthe exam-
ination period.

(3) If combining different categories into jone popu-
lation, the shortest category interval of the combined cate-
gories shall be used for subsequent examinatjon.

DRD-2.2.3 Visual Examination Requirements.
Dynamic restraint device installations shall meet all of
the requirements of this Section.

(a) Restrained Movement. Dynamic restraipt devices

The installation-corrected, adjusted, repaired, or replace-
ment device shall be examined in accordance with this
Section. Replacement devices shall meet the requirements
of this Section.

(c) Reexamination. If construction in the area of the
restraint occurs after the initial baseline examination
and conditions warrant a new baseline examination,
then a reexamination shall be performed in accordance
with this Section to establish a new baseline for future
inservice examinations.

shall be installed so when activated, devices are
capable of restraining movement. Examinations shall
include observations for adverse conditions, and, when
observed, the conditions shall be evaluated. Dynamic
restraint devices evaluated to be incapable of restraining
movement shall be deemed unacceptable. Adverse condi-
tions to be observed include the following:

(1) loose fasteners or members that are corroded or
deformed
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(2) disconnected components or other conditions
that might interfere with the proper restraint of move-
ment

(b) Thermal Movement. Dynamic restraint device
installations shall not restrain thermal movement to an
extent that unacceptable stresses could develop in the
device, the pipe, or other equipment that the device is
designed to protect or restrain. This requirement is satis-

fied if no indication of binding, misalignment, or deforma-
tion Of thn device is ghserved

ASME OM-2-2024

(-c) The visual examination interval for that cate-
gory shall not return to 10 yr until there are no unaccept-
able visual examinations for that category for the current
visual examination interval.

(-d) No grace period extension is applicable to
extend any specified visual examination interval.

(-e) While using a 10-yr examination interval,
snubber operational testing shall not be more than one
service cycle as described in DRD-2.3.2.

(c) Desjgn-Specific Characteristics. Dynamic restraint
devices shall be free of defects that might be generic
to particular designs as might be detected by visual exam-
ination. For example, fluid supply or content for devices
that contdin fluid shall be observed. If the fluid level is
outside of the acceptance range, the installation shall
be deemed unacceptable, unless a test establishes that
the perfoymance of the device is within specified limits.

DRD-2.2.4 Operational Readiness Evaluation, Accep-
tance by Test. A dynamic restraint device that requires
further eyaluation or is deemed unacceptable during
visual exdmination shall be tested in accordance with
the requifements of this Section. Results that satisfy
the operational readiness test criteria shall be used to
accept the¢ device, provided the test demonstrates that
the unacdeptable condition did not affect operational
readiness [to perform the function.

DRD-2]2.5 Inservice Examination Intervals. The
Program Plan shall specify the inservice examination
intervals established by the Owner in accordance with
GR-2.3.

(a) Initfal Examination Interval. The initial exdmihation
interval ofldynamic restraint devices shall begin no sooner
than 2 months after attaining 5% reactor péwer operation
and shall rjot extend longer than 24 months/after attaining
5% reactqr power operation.

(b) Subkequent Examination Intervals

(1) Spbsequent examinatioh-intervals shall begin at
the end of the previous examination interval and shall take
into account the numberof unacceptable dynamic
restraint‘}evices in accordance with Table DRD-2.2.5-1.

(2) All dynamictestraint devices within the scope of
this Sectian shall be'¢xamined and evaluated at least once
every 10|yr dnyaccordance with Table-DRD-2.2.5-1,
provided the’following requirements are satisfied:

(3) Interpolation between the population of category
sizes and the number of unacceptable dynamic regtraint
devices is permissible. The next lower integershall be
used when interpolation results in a fraction.

DRD-2.2.6 Inservice Examination Failtire Evaluption.
Dynamic restraint devices that do et meet examination
requirements shall be evaluatedto determine the cause of
the unacceptability.

DRD-2.2.7 Inservice Examination Corrective Action.
Unacceptable dynamic kestraint devices shall be adjpsted,
repaired, modified,"or replaced. Additional dction
regarding the examiination interval shall be taken a$ indi-
cated in the Prégram Plan.

DRD-2.3:Specific Testing Requirements
DRD-2.3.1 Baseline Operational Readiness Testing

{a) General. Baseline operational readiness t¢sting
shall be performed on all dynamic restraint deyices.
Testing may be performed at the manufacturer’s f{cility.

(b) Test Parameters. Tests shall verify the following:

(1) Activation is within the specified range of velo-
city or acceleration in tension and in compressiop. For
devices that do not have an activation function, this pa-
rameter is not applicable.

(2) Releaserate, when applicable, is within the gpeci-
fied range in tension and compression. For devices peci-
fically required not to displace under continuous logd, the
ability of the device to withstand load without displace-
ment shall be verified.

(3) For mechanical snubbers, drag force is Within
specified limits in tension and compression.

(-a) 1f at any time during an examination interval
the cumulative number of unacceptable dynamic restraint
devicesin any category as defined in DRD-2.2.2(b) exceeds
the applicable value from Table-DRD-2.2.5-1, the current
10-yr examination interval for that category shall end, and
all remaining examinations in the category must be
completed within the current service cycle.

(-b) The duration of the subsequent examination
interval for that category shall be reduced to 48 months
maximum.

Table DRD-2.2.5-1
Visual Examination Table

Population of Number of Unacceptable Dynamic

Category Restraint Devices
1 1
80 2
100 4
150 8

200 13
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(4) For hydraulic snubbers, if required to verify
proper assembly, drag force is within specified limits
in tension and compression.

(c) Baseline Operational Readiness Testing Failures
Corrective Action

(1) Test Failure Evaluations. Dynamic restraint
devices that fail the baseline operational readiness test
shall be evaluated for the cause of the failure.

(2) Design Deficiency. If a design deficiency in a

Section DRD, Dynamic Restraint Devices

(5) Subcomponent Test. When using this method,
dynamic restraint device subcomponents that control
the parameters to be verified can be examined and
tested in accordance with documented test methods.
Reassembly shall be in accordance with documented
procedures that include the applicable visual examination
requirements of this Section.

(6) Additional Requirements. Additional require-
ments for hydraulic snubbers that are tested without

dynamic restraint device is found it shall be corrected
by m¢difying the design or specification or justified by
correftive action.

B) Other Deficiencies. Other deficiencies shall be
resolyed by adjustment, modification, repair, replace-
ment,) or justified corrective action.

(#) Retest Requirements. Adjusted, modified,
repaifred, or replacement devices shall be tested to
meet [the requirements of this Section.

DRD-2.3.2 Inservice Operational Readiness Testing.
Dynainic restraint devices shall be tested for operational
readiIless during each service cycle. Test campaigns are
the series of actions required to complete testing of
dynamic restraint devices performed in accordance
with |a specified sampling plan as described in the
Program Plan. Testing shall be performed during
normjal system operation or during system or plant
outagps.

(a)| Test Parameters. Operational readiness tests shall
verify] the following:

1) Activation is within the specified range of. velo-
city dr acceleration in tension and compression. For
devices that do not have an activation function; this pa-
ramefer is not applicable.

(B) Releaserate, when applicable, iSwithin the speci-
fied range in tension and compressiony ‘For devices speci-
fically required not to displace under continuous load, the
ability of the device to withstand-load without displace-
ment|shall be verified.

(B) For mechanicalsnubbers, drag force is within
specifiied limits, in tension and compression.

(b)| Test Methods
() TestasFourid. Dynamic restraint devices shall be
tested in theifas-found condition regarding the param-
eters [to be‘tested within specified limits.

D )-Restriction. Test methods shall not alter the

Condiltinn of a r]ynamir restraint device to the evtent

npp]ying aload-to the snubber picfnn rod-shall include

the following:
(-a) monitoring the particulate,wviscpsity, and
moisture content of one or more samples oflhydraulic
fluid from the main cylinder of the jsnubber.|This may
be accomplished using snubbers.of the same| design in
a similar or more severe envirohment.
(-b) monitoring of pisten seal, piston rof seal, and
cylinder seal integrity,.If-seal integrity is monitored by
pressurization, pressures less than the snubler’s rated
load pressure may<be used.
(c) Correlation-of Indirect Measurements. When test
methods are-used that either measure parameters indir-
ectly, or measure parameters other than thosq specified,
the results shall be correlated with specified pprameters
through’established methods.
(d) Parallel and Multiple Installations. Eacl dynamic
restraint device in a parallel or multiple installation
shall be identified and counted individually.
(e) Fractional Sample Sizes. Fractional sammple sizes
shall be rounded up to the next integer.
(f) Test Frequency. An inservice test campaign shall be
conducted every scheduled service cycle. Tedting asso-
ciated with each test campaign shall begin ho earlier
than 92 days before the beginning of a scheduled
service cycle and shall be completed prior to|returning
the reactor to power generation.
(g) Defined Test Plan Group (DTPG)

(1) The DTPGs shall include all dynami¢ restraint
devices except replacement devices and devices repaired
or adjusted as a result of not meeting the examination
acceptance requirements of this Section. Thege devices
shall be exempt for the concurrent test interyal.

(2) The total dynamic restraint device gopulation
shall be grouped as one DTPG or, alternatively, differences
in significant attributes evaluated in establishing DTPGs.
DTPGs shall not be changed after initiating testing in a test

that the results do not represent the as-found condition
of the device.

(3) In-Place Test. Dynamic restraint devices may be
tested in their installed location by using documented test
methods and equipment.

(4) Bench Test. Dynamic restraint devices may be
removed and bench tested in accordance with docu-
mented procedures. After reinstallation, the applicable
visual examination requirements of this Section shall
be met. Also, the position setting shall be verified.

campaign.

(3) Large capacity snubbers (50,000 Ib or more)
shall be at least one separate DTPG.

(h) Testing Sample Plans

(1) The Program Plan shall specify one of the

following plans:
(-a) Test, or replace, all snubbers within each

DTPG every 10 yr or at the service life expiration date,
whichever comes first.
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(-b) Snubbers may be selected for testing on a
rotational basis.

(2) When the sample plan requires additional
samples due to unacceptable operational readiness test
results within a DTPG, the additional sample shall be
at least one-half the size of the initial sample from that
DTPG. As practicable, the additional sample shall
include the following:

(-a) devices of the same manufacturer’s design

(.b devices immnr‘iqfn]y ar‘}'nr‘nnf to-those found

ASME OM-2-2024

uled system or plant outage, one of the following actions
shall be taken prior to the start of the cycle:

(a) The device shall be replaced with a device of the
same design for which the service life will not be exceeded
before the next scheduled system or plant outage.

(b) Technical justification shall be documented for
extending the service life to or beyond the next scheduled
system or plant outage.

(c) The device shall be reconditioned such that its
service life is extended to or ]’\ﬂyr\nﬂ the next-scheduled

unacceptable

(-c) devices from the same piping system

(-d) devices from other piping systems that have
similar ojperating conditions such as temperature,
humidity, [vibration, and radiation

(3) Hoperational readiness test failures occur within

the additipnal samples, all remaining devices within that
DTPG that have not been operational readiness tested
during th¢ service cycle shall be tested.

(i) Retests of Previously Unacceptable Dynamic
Restraint |Devices. Dynamic restraint devices placed in
the same|location as devices that failed during the
previous fest campaign shall be retested at the time of
the subseguent test campaign, unless the cause of the
failure is|clearly established and corrected so as to
preclude feoccurrence. Any retest in accordance with
this subppragraph shall not be assumed a part of the
test camppign sample selection requirements of (h). In
addition,| failures found by these retests shall not
require aflditional testing in accordance with (h) but
shall be eyaluated for appropriate corrective action.

(j) Corrective Action. Unacceptable devices shall'be
deemed tp not be operationally ready to perférm their
function. Unacceptable devices shall be adjusted, repaired,
modified, lor replaced to demonstrate théir\operational
readiness|prior to reliance on the capability to perform
their funcfion.

DRD-2.4Service Life Monitoring

DRD-2.4.1 Predicted Service Life. Initial service life
shall be predicted based-on the manufacturer’s specifica-
tion or design review:

DRD-2.4.2 Service Life Evaluation. The service life for
each locatjon where a dynamic restraint device is installed
shall be reeyaluated at least once each service cycle.

system or plant outage.

DRD-2.4.3 Cause Determination. Causes fofr any
dynamic restraint device failures shallrbe 'deternined,
documented, and applied in establishinig or'reestabljshing
service life.

DRD-2.4.4 Testing for Sérvice Life-Monitpring
Purposes. If testing is conducted specifically for
service life-monitoringpurposes, the results off such
testing shall be evaluated for appropriate corrective
action.

DRD-2.4.5 Review of Operational Readinesg Test
Data. All inservice test data shall be evaluated for ihdica-
tions of device degradation or other anomalies| This
includes a*review of test traces, where availablg. The
results of this evaluation shall be used

(a) to identify devices that are subject to progressive
degradation

(b) to identify severe operating environments not
previously identified

DRD-2.4.6 Examination During Disassembly.
Dynamic restraint devices and device parts that are disas-
sembled (during failure evaluation, refurbishment, etc.)
shall be examined for indications of degradatiop and
severe operating environments.

DRD-2.4.7 Snubber Maintenance and Repair. Snibber
repair activities shall be performed in accordance with the
requirements of the Code selected for inservice inspgction
of components by the owner.

DRD-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as speciffed in
GR-3 and this Section.

Reevaluation shall be based on examination, Maintenarce,
performance, and operating service-life history data asso-
ciated with representative devices that have been in
service in the plant, as well as other information
related to service life. Completion of this reevaluation
shall be documented. Based on the results of the reevalua-
tion, the service life of each device shall be increased,
decreased, or left unchanged. If the reevaluated service
life of any device will be exceeded before the next sched-

DRD-4 RECORDS
DRD-4.1 Records

Dynamic restraint device records shall be maintained in
accordance with GR-4 and as specified in this Section. The
records shall include the following information:

(a) name of the manufacturer and the manufacturer’s
model and serial numbers or other unique identification
number
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(b) manufacturer’sacceptance testreport, baseline test
report, and current IST report

DRD-4.2 Test Plans

In addition to the applicable requirements of
Section GR, the Owner shall maintain a record of exam-
ination and test plans for all dynamic restraint devices.

Section DRD, Dynamic Restraint Devices

DRD-4.3 Record of Tests

(a) In addition to the requirements of Section GR, the
results of examination and test data shall include the
manufacturer’s model number, serial number, type,
and unique location identification or the Owner’s identi-
fication of the device, as applicable.

(b) Records of predicted service life of all dynamic
restraint devices and service life reevaluations shall be
maintained.
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Section CP
Centrifugal Pumps

CP-1 IN1

Centrify
meet the
Section.

CP-2 IN§

[RODUCTION

gal pumps within the scope of this Code shall
Fequirements specified in Section GR and this

)ERVICE TESTING REQUIREMENTS

CP-2.1 General Requirements

CP-2.1
mechanic
condition
by test a 3
symptomy
deviation
action. Th
testing an

CP-2.1.]
(a) The
Table CP-
(b) Flo
measured|

1 Testing Parameters. The hydraulic and
hl condition of a pump relative to a previous
can be determined by attempting to duplicate
et of reference values. Deviations detected are
of changes and, depending on the degree of
indicate need for further tests or corrective
e parameters to be measured during baseline
d IST are specified in Table CP-2.1.1-1.

p Baseline Testing

parameters to be measured are specified inl
p.1.1-1.

w rate and differential pressure shall be
at a minimum of five points, which encompasses

the best effficiency point. These points shall be from pump

minimum
pump cur
points. At
ence poin

flow to the pump’s maximum-~design flow. A
ve shall be established based on'the measured
east one point shall be desighiated as the refer-
L or reference points if there is more than one

Table CP-2.1.1-1

Inservice Test\Parameters for Centrifugal Pumps

reference point. Data taken at the reference point's}
used to compare the results of inservice tests.

(c) Vibration measurements are requiréd to be
only at the reference point or reference points if th
more than one reference point.

(d) Abaseline test may be substituted for any ins
test.

CP-2.1.3 Baseline Testing Frequency. A baselin
shall be performed and anrinitial set of reference \
established in accordance with CP-2.1.6.2 prior
pump being relied{on to perform its specified fung
Except as specified/in CP-2.1.7.1, only one baseline
required for. each pump.'

CP-2.1.4Inservice Testing Interval

(a)\An inservice test shall be performed on each
quarterly. Optional adjustment of this interval is prg
w CP-2.4.

(b) An inservice test shall be current within the
lished frequency prior to the pump being relied
perform its specified functions.

CP-2.1.5 Pumps in Regular Use. Pumps that are
ated more frequently than every 3 months need notl
or stopped for a special test, provided the plant re
show the pump was operated atleast once every 3 m
at the reference conditions, and the quantities spe
were determined, recorded, and analyzed per CP-

CP-2.1.6 Data Collection
CP-2.1.6.1 General

(a) Instrument Location. The sensor location sh
established by the Owner, documented in the
records, and appropriate for the parameter

all be

taken
ere is

Prvice

e test
ralues
o the
tions.
test is

pump
vided

bstab-
on to

oper-
be run
cords
onths
cified
D.3.

all be
plant
being
quent

11 be

t fluc-
using

Quantity Baseline Test  Inservice Test measured. The same location shall be used for subse

Speed, N [Note (17] X X TESTS. IMSTIUITENtS tat are position Sensitive sh
Differential pressure, AP X X either permanently mounted, or provision shall be

Flow rate, Q X X made to duplicate their position during each test.
Vibration [Note (2)] (b) Fluctuations.Symmetrical damping devices or aver-

Displacement, V X X aging techniques may be used to reduce instrumen

Velocity, V, X X tuations. Hydraulic instruments may be damped by
NOTES. gage snubbers or by throttling small valves in instrument

(1) If variable speed.
(2) Measure either peak-to-peak displacement, V, or peak velocity,

V..

lines.

! The baseline test should be performed soon after completion o
lation activities and prior to significant runtime of the pump.

finstal-
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Table CP-2.1.6.1-1
Required Instrument Accuracy — Hydraulic

Baseline and Inservice Tests,

Quantity % of Indicated Value
Pressure 111/2

Flow rate +6
Differential pressure +1%,

Section CP, Centrifugal Pumps

(2) Accuracy. Instrument accuracy shall be within
the limits of Table CP-2.1.6.1-2.

(3) Rotational Speed Measurement. Rotational speed
measurements of variable speed pumps shall be taken by a
method that meets the requirements of Table CP-2.1.6.1-2.

(g) Vibration Measurement

(1) For pumps operating at or above 600 rpm, the
frequency response range of the vibration-measuring
transducers and their readout system shall be from

(c) |Instrument Loop. Instrument loop is when two or
more| instruments or components work together to
provifle a single output.

(d)| Instrument Loop Accuracy. Instrument loop accu-
racy describes the accuracy of an instrument loop
based on the square root of the sum of the squares of
the inaccuracies of each instrument or component in
the 1dop when considered separately. Alternatively, the
allowjable inaccuracy of the instrument loop may be
based on the output for a known input into the instrument
loop.

(e) | Flow, Pressure, and Differential Pressure Measure-
ment
1) Accuracy. Analog or digital instruments may be
used, provided they are calibrated within the limits speci-
fied in Table CP-2.1.6.1-1 at the expected indicated values
(e.g., reference values).

) Range. The analog or digital instrument shall be
designed and calibrated for use at the expected indicated
values (e.g., reference values) to be measured or recorded
during the test.

B) Analytical Methods. If a parameter is determined
by anplytical methods instead of measurement (e.g., lake
level for pressure or change in tank level over time for
flow)[ then the determination shall meet the parameter
accuracy requirement of Table CP-2.1.6.1-1. The
methdd used to determine the parameter shall be included
in thd record.

1) Gage Lines. If the presence or absence of liquid in
a gage line could producéadifference of more than 0.25%
in thq indicated valu€lof the measured pressure, means
shall be provided to énsure or determine the presence or
absence of liquidasrequired for the static correction used.
5) Differential Pressure. When determining differ-
ential pressure across a pump, a differential pressure
gage ¢ria~differential pressure transmitter that provides

one-third minimum pump shaft rotaticnal-speed to at

least 1,000 Hz.

(2) For slow speed pumps operatingbelow 600 rpm,
the frequency response range of the vibration-measuring
transducers and their readout systeny shall bg no lower
than 1 Hz to at least 1,000 Hz.

(3) Instrument accuracy shall be within the limits of
Table CP-2.1.6.1-2.

(4) Measurements.shall be taken in a planje approxi-
mately perpendicularto-the rotating shaft in twjo approxi-
mately orthogonakdirections on each accessible pump
bearing housing:~Measurement shall also b¢ taken in
the axial direction on each accessible punfp thrust-
bearing housing.

(5)If a portable vibration indicator is|used, the
measurement points shall be clearly identified on the
pufip to permit subsequent duplication in both location
and plane.

(6) Pumps that will use the "minimum yeference"
value for one or more vibration points shall usg trending
analysis of measured vibration amplitudles in the
frequency domain to assess performance at these loca-
tions. The Owner shall document the concludion of the
performance analysis prior to the subsequent test with
a conclusion of acceptable, degrading but afceptable,
or unacceptable. Corrective action shall b initiated
when an unacceptable trend in performance isfidentified.

Table CP-2.1.6.1-2
Required Instrument Accuracy — Mechdgnical

direct measurement of the pressure dilference or the
difference between the pressure at a point in the inlet
and the pressure at a point in the discharge pipe shall
be used.

(f) Rotational Speed Measurement — Variable Speed
Pumps Only

(1) Range. Digital instruments shall be selected such

that the reference value does not exceed 90% of the cali-
brated range of the instrument.

Quantity Baseline and Inservice Tests, %
Speed *2
\ibration
>4 Hz to 1,000 Hz [Note (1)] +5
1 Hz to 4 Hz [Note (2)] +15
NOTES:

(1) +5% accuracy from >4 Hz or one-third pump shaft rotation speed
to at least 1,000 Hz in native units (accelerometers in accelera-
tion, velocity transducers in velocity, etc.)

(2) Transducers used on slow speed running pumps under 600 RPM:
+15% accuracy in native units (accelerometers in acceleration,
velocity transducers in velocity, etc.) from 1 Hz to 4 Hz and +5% >
4 Hz to a minimum of 1,000 Hz.
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CP-2.1.6.2 Reference Values

(a) Reference values for the pump inservice test shall
be obtained as follows:

(1) Initial reference values shall be determined from
the results of testing meeting the requirements of
CP-2.1.2, baseline testing, or from the results of the
first inservice test.

(2) New or additional reference values shall be
established as required by CP-2.1.7, CP-2.1.8, or

ASME OM-2-2024

covered under CP-2.1.7.1, the following shall be
performed before declaring the pump operationally
ready:

(a) An inservice test shall be performed and the
previous reference values reconfirmed, or anew reference
value, or set of reference values, shall be determined in
accordance with CP-2.1.6.2.

(b) If new reference values are determined, deviations
from the previous and new reference values shall be eval-

CP-2.3.2(d).

(3) Reference values shall be established only when
the pumpl|is known to be operating acceptably.

(4) Reference values shall be established ata point of
operation|(or points of operation if there is more than one
reference|point) readily duplicated during subsequent
tests.

(5) Reference valuesshall be established atthe inser-
vice test flow rate. The best efficiency point, system flow
rates, and pny other plant-specific flow rates shall be eval-
uated.

(6) Fpor smooth running pump-measured vibration
reference|values less than 0.050 ips/0.00127 mps, the
owner may use 0.050 ips/0.00127 mps as the
minimum reference value for one or more of the vibration
points. In|such cases, the minimum reference value of
0.050 ips/[0.00127 mps shall be used to define acceptable
pump performance in accordance with CP-2.3.

(b) All $ubsequent test results shall be compared to the
initial reference values established per (a)(1) through
(a)(5) or tpb new reference values established as required
by CP-2.1)7, CP-2.1.8, or CP-2.3.2(c).

(c) Relgted conditions that can significantly jnfluence
the measurement or determination of the referenee value
shall be ahalyzed in accordance with CP-2.8.4.

CP-2.1.
Maintena

CP-2

7 Effect of Pump Replacement, Repair, and
nce on Reference Values

1.7.1 Replacement and Major Maintenance.
Following] replacement, major.maintenance, or routine
servicing|(e.g., impeller'replacement), such that the
existing bpseline test data and reference values do not
represent the installed pump, the following shall be
performeld before{declaring the pump operationally
ready:

(a) A bpseline test shall be performed in accordance

uated.—and-verification-that the new values represent ac-
7 3

ceptable pump operation shall be placed in the reeprd of
tests.

CP-2.1.8 Establishment of Additional Sjet of
Reference Values. If it is necessarynor’desirable, for
some reason other than stated in/€P-2.1.7, to establish
an additional set of reference valueés, an inservice test
shall be run at the conditions ofanexisting set of refgqrence
values and the results analyzed. If operation is acceptable
per CP-2.3.2, an additional’set of reference values nmpay be
established as follows:

(a) For centrifugal and vertical line shaft pumgs, the
additional set, of veference values shall be determined
from the pump.curve established in CP-2.1.2.

(b) Vibration acceptance criteria shall be estab
by an inservice test at the new reference point. If vibration
datawere taken atall points used in determining the pump
cutve, an interpolation of the new vibration reference
value is acceptable.

(c) Atestshallberun to verify the new reference yalues
before their implementation. Whenever an additional set
of reference values is established, the reasons for so[doing
shall be justified and documented in the record offtests.
The requirements of CP-2.1.6.2 apply.

ished

CP-2.1.9 Duration of Tests. For all pump baseling tests
and inservice tests, after pump conditions are as stable as
the system permits, each pump shall be run at least P min.
At the end of this time, at least one measurement or fleter-
mination of each of the quantities requir¢d by
Table CP-2.1.1-1 shall be made and recorded.

CP-2.2 Specific Inservice Testing Requirements

CP-2.2.1 Inservice Test of Centrifugal Pumps (Except
Vertical Line Shaft Pumps). Inservice tests shpll be
conducted with the pump operating at a specified [refer-
ence point and within the variances from the refdrence

with CP-2712:

(b) Anew setof reference values shall be established in
accordance with CP-2.1.6.2 from the results of the baseline
test.

(c) Verification that the new reference values repre-
sent acceptable pump operation shall be placed in the
record of tests.

CP-2.1.7.2 Routine Maintenance and Repair. When a
reference value or set of reference values might have been
affected by repair or routine maintenance other than that
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point as described in this paragraph. The test parameters
shown in Table CP-2.1.1-1 shall be determined and
recorded as required by this paragraph. The test shall
be conducted as follows:

(a) The pump shallbe operated at nominal motor speed
for constant speed drives or at a speed adjusted to the
reference point (+1%) for variable speed drives.

(b) Theresistance ofthe system shall be varied until the
flow rate is the reference point with the variance not to
exceed +2% or -1% of the reference point. The differential
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Section CP, Centrifugal Pumps

Table CP-2.2.1-1
Centrifugal Pump Test Acceptance Criteria

Required Action Range

Test
Test Type Pump Speed Parameter Acceptable Range Alert Range Low High
Inservice test N/A Q 0.94Q, to 1.06Q, 0.900Q, to <0.94Q, <0.90Q, >1.06Q,
[210“35 M, nya AP 0.93AP, to 1.06AP,  0.90AP, to <0.93AP, <0.90AP,  >1.06AP,
@1 <600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 in./sec
(0.3 cm/s) (>0.3 cm/s to 0.7 cm/s) (>0.7 cm/s)
VyorV, <2.5V, >2.5V, to 6V, or None >6Vr or >22 mils
>10.5 mils to 22 mils (>558§8 um)
(>266.7 um to 558.8 um)
2600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 if./sec
(0.3 cm/s) (>0.3 cm/s to 0.7 cm/s) (>0.7 ¢m/s)
ViorV, <2.5V, >2.5V, to 6V, or None >6V, or $0.7 in./sec
>0.325 in./sec to 0.7 in./sec (>1.7 ¢m/s)

(>0.8 cm/s to 1.7 cm/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity referehce¥alue, and the subscr

displadement.

NOTES:
(1) Vi

<00 rpm.

ration parameter, V,, is the vibration reference value in the selected units.
(2) Réfer to Figure CP-2.2.1-1 to establish displacement limits for pumps with speeds 2600 ¥pm or velocity limits for pumps

pt d denotes

ith speeds

(3) Pumps that will use the “minimum reference” value for one or more vibration points shall use trending analysis of measurpd vibration

anj

ire shall then be determined and compared to its
ence value. Alternatively, the flow rate shall be
H until the differential pressure is the reference
with the variance not to exceed +1% or -2%-and
w rate determined and compared to its reference

press
refer
varie
point
the fl
value

(c)
mine
value

Vibration (displacement or velocity) shall be deter-
1 and compared with corresponding reference
5. Vibration measurements are~to be an overall
value| without filtering, of velocity.or displacement. If
veloclty measurements are used;“measurements shall
be pepk. If displacement amplitudes are used, measure-
mentg shall be peak-to-peak:

(d)| All deviations from the reference values shall be
comphpred with the ranges of Table CP-2.2.1-1 and correc-
tive action taken.as specified in CP-2.3.2. The vibration
measfirements shall be compared to both the relative
and absolutércriteria shown in the alert and required
actior} ranges of Table CP-2.2.1-1. For example, if vibration
exceefs\either 6 V,.or 0.7 in./sec (1.7 cm/s), the pump is in

plitudes in the frequency domain to assess performance at these locations\see CP-2.1.6.2(a)(6)].

(a) The pump shall be operated at nominal mptor speed
for constant speed drives or at a speed adjusted to the
reference point (+1%) for variable speed drives.

(b) Theresistance ofthe system shall be vari¢d until the
flow rate is set to within +2% or -1% of the|reference
point. The differential pressure shall then be dgtermined
and compared to its reference value. Alternagively, the
flow rate shall be varied until the differentia| pressure
is the reference point with the variance not{to exceed
+1% or -2% and the flow rate determined and|compared
to its reference value.

(c) Vibration (displacement or velocity) shall be deter-
mined and compared with corresponding feference
values. Vibration measurements are to be gn overall
value, without filtering, of velocity or displafement. If
velocity measurements are used, measuremeint shall be
peak. If displacement amplitudes are used, megsurement
shall be peak-to-peak.

(d) All deviations from the reference valugs shall be
compared with the ranges of Table CP-2.2.2-1 ajnd correc-

the required action range.

CP-2.2.2 Inservice Test of Vertical Line Shaft Pumps.
Tests shall be conducted with the pump operating at a
specified reference point and within the variances
from the reference point as described in this paragraph.
The test parameters shown in Table CP-2.1.6.1-1 shall be
determined and recorded as required by this paragraph.
The test shall be conducted as follows:
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tive action taken as specified in CP-2.3.2. The vibration
measurements shall be compared to both the relative
and absolute criteria shown in the alert and required
action ranges of Table CP-2.2.2-1. For example, if vibration
exceeds either 6Vror 0.7 in./sec (1.7 cm/s), the pump is in
the required action range.


https://asmenormdoc.com/api2/?name=ASME OM-2 2024.pdf

Section CP, Centrifugal Pumps

ASME OM-2-2024

Figure CP-2.2.1-1
Centrifugal Pump Vibration Limits
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CP-2.3 Monitoring, Analysis, and-Evaluation

CP-2.3
Table CP
trended.

.1 Trending. Test parameters shown in
2.1.6.1-1, except for.fixed values, shall be

CP-2.3.2 Corrective/Action

(a) Aler
fall withir

t Range Af'the measured test parameter values
the alert’range of Table CP-2.2.1-1 or Table
CP-2.2.2-1, asCapplicable, the frequency of testing shall
be at leastlonce every 45 days until the cause of the devia-

Pump Speed, rpm

(c) Analysis. In cases where the pump’s test paranheters
are within either the alert or required action ranges of
Tables CP-2.2.1-1 and CP-2.2.2-1, as applicable, an
analysis may be performed that supports the pymp’s
continued use at the changed values. This analysis
shall include verification of the pump’s operational feadi-
ness at both the pump level and a system level, the cause of
the change in pump performance, and an evaluation of all
trends indicated by available data. The analysis| shall
confirm the current reference value or establish 3 new
reference value. The results of this analysis shall be|docu-

tion is determined and the condition is corrected, or an
analysis of the pump is performed in accordance with (c).

(b) Action Range. If the measured test parameter value
falls within the required action range of Tables CP-2.2.1-1
and CP-2.2.2-1, as applicable, the pump’s operational
readiness is not verified until either the cause of the devia-
tion has been determined and the condition is corrected,
or an analysis of the pump is performed in accordance
with (c).
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mented in the record of tests.

CP-2.3.3 Systematic Error. When a test shows
measured parameter values that fall outside of the accept-
able range of Tables CP-2.2.1-1 and CP-2.2.2-1, as appli-
cable, that have resulted from an identified systematic
error, such as improper system lineup or inaccurate in-
strumentation, the test shall be rerun after correcting the
error.
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Section CP, Centrifugal Pumps

Table CP-2.2.2-1
Vertical Line Shaft Pump Test Acceptance Criteria

Required Action Range

Test
Test Type Pump Speed Parameter Acceptable Range Alert Range Low High
Inservice test N/A Q 0.95Q, to 1.060Q, 0.93Q, to <0.95Q, <0.930Q, >1.060Q,
[210“35 M, nya AP 0.95AP, to 1.06AP,  0.93AP, to <0.95AP, <0.93AP,  >1.06AP,
@1 <600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 in./sec
(0.3 cm/s) (>0.3 cm/s to 0.7 cm/s) (>0.7 cm/s)
VyorV, <2.5V, >2.5V, to 6V, or None >6V,. or >22 mils
>10.5 mils to 22 mils (>558§8 um)
(>266.7 um to 558.8 um)
2600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 if./sec
(0.3 cm/s) (>0.3 cm/s to 0.7 cm/s) (>0.7 ¢m/s)
V, or Vy <2.5V, >2.5V, to 6V, or None >6V, or
>0.325 in./sec to 0.7 in./sec >0.7 ip./sec
(>0.8 cm/s to 1.7 cm/s) (>1.7 ¢m/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity referehcevalue, and the subscr

displadement.

NOTES:
(1) vi

<600 rpm.

ration parameter, V,. is the vibration reference value in the selected units.
(2) Réfer to Figure CP-2.2.1-1 to establish displacement limits for pumps with speeds 2600 ¥pm or velocity limits for pumps

ptd denotes

ith speeds

(3) Pumps that will use the “minimum reference” value for one or more vibration points shall use trending analysis of measurpd vibration

anj

CP]

(a)
being
enced

2.3.4 Analysis of Related Conditions

If the reference value of a particular parameten
measured or determined can be significantly influ-
by other related conditions, then these conditions
shall be analyzed and documented in the record-of tests.

(b)| Vibration measurements of pumps mightbe foun-
dation, driver, or piping dependent. Therefore, if initial
vibration readings are high and have notebvious relation-
ship tp the pump, then additional vibration measurements
shall be taken as necessary (e.g., at the driver, at the foun-
datiom, and on the piping) and dnalyzed to ensure that the
refergnce vibration measuréments are representative of
the ppmp, and the measured vibration levels will not
prevent the pump fromfulfilling its function. This analysis
shall pe documentedfin the record of tests.

CP-2
CP:

(a)| The alternative requirements for condition moni-

4 Condition-Monitoring Program
2.4:1 Condition-Monitoring Purpose

plitudes in the frequency domain to assess performance at these locations\see CP-2.1.6.2(a)(6)].

(2) optimization of pump condition-m
activities
(b) The alternative requirements for condition moni-
toring of pumps (see CP-2.4) shall be used in c¢njunction
with inservice testing requirements when the Owner
wishes to adjust the frequency of testing pumpjs as speci-
fied in CP-2.1.4. In addition, the purpose of the pump
condition-monitoring program is to impiove both
pump performance and optimize testing, mpnitoring,
and preventive maintenance activities to mafintain the
continued acceptable performance of a Code-tested
pump. If the pump condition-monitoring program for a
pump is discontinued, then all the requir¢ments of
CP-2 through CP-2.3.4 shall apply.
(c) The frequency of testing pumps as specified in
CP-2.1.4 may be adjusted, provided alternativie require-
ments for condition monitoring of pumps are applied.
Except for adjustment to testing frequency specified in
CP-2.1.4,the alternative requirements for condition moni-
toring of pumps (see CP-2.4) do not alter or ekempt any

onitoring

toring of pumps (see CP-2.4) establish testing and moni-
toring requirements for the implementation and
maintenance of a condition-monitoring program for
pumps, pump drivers, and associated pump electrical
system components. The intended purpose of the
pump condition-monitoring program is to provide addi-
tional technologies for monitoring the condition of pumps
and associated components, which will allow

(1) performance improvement activities through
enhanced detection of degradation and machine faults

15

other requirement.

(d) The alternative requirements for condition moni-
toring of pumps (see CP-2.4) address information
regarding pump drivers and associated equipment for
the sole purpose of using such information to evaluate
the condition of pumps and not to provide any evaluation
of those drivers and associated equipment.
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CP-2.4.2 Condition-Monitoring Analysis

(a) The Owner shall perform an analysis of the design,
test history, and maintenance history of a pump, a pump
driver, and the pump electrical system to determine those
additional pump condition-monitoring technologies,
acceptance criteria, and equipment to be included in
the pump condition-monitoring program that will
enhance detection of degradation and machine set faults.

(b) In addition to the testing required by CP-2.2, the

ASME OM-2-2024

dance with the manufacturer’s recommendations,
industry standards and practices, and plant experience.
Current, phase balance, and winding temperatures can
provide an indication of degradation to predict impending
failure.

(6) Process and Equipment Parameters. Process and
equipment parameter variations might impact condition-
monitoring results. Applicable process and equipment
data shall be collected in conjunction with the equipment

analysis srrall include condition-monitoring technologies
and parameters for vibration analysis, lube oil analysis?,
thermography, motor current signature analysis, motor
electrical parameters, and process and equipment param-
eters.

(1) Wibration Analysis. Vibration analysis involves
the Owner utilizing instrumentation capable of collecting
and analyzing spectral vibration data to monitor machine
condition, Vibration analysis is the primary technology,
along with lube oil analysis, used in a condition-moni-
toring pregram. The emphasis on utilizing equipment
capable of collecting and analyzing spectral vibration is
to ensure that the resulting vibration analysis can identify
the many types of equipment faults and characterize, and
trend, the machinery condition in a manner that supports
accurate gnd reliable fault detection, maintenance, plan-
ning, and [long-term equipment reliability.

(2) Lube 0il Analysis®. Lube oil analysis involves
analyzing|oil properties, including those of the base oil
and its addlitives, and identifying the presence of contami-
nants and| wear debris.

(3) Thermography. Thermography is used-\fer
detecting jand measuring variations in the heat-emitted
by various regions of a body and transforming them
into visiblg signals that can be recorded photegraphically.
Thermogrpphy can be used as a tool for identifying poten-
tial equigment faults, performing post-maintenance
retests, anld trending the condition(of equipment compo-
nents subject to temperature dégradation. For example,
thermogiaphy can be used\t6 monitor switchgear,
breakers, land control relays-providing electrical power
to equipmlent and can alsé be used to detect mechanical
equipment faults.

(4) Motor Current Signature Analysis. Motor current
signature pnalySisiinvolves analyzing motor current data
in the frequencydomain. Motor current signature analysis
shall be c

Hected-andutilized -to UnriFy proper mechanical

Pnnr‘if‘inn-mnnif‘nring dataThis includes any snecific

plant condition or operating parameters that might or
does affect equipment-operating characteristics.As pppli-
cable and available, when doing walkdowns of the ¢quip-
ment or during operator rounds and ‘data collection,
visual, auditory, olfactory, and tactile*observatigns of
equipment sounds, smells, discoloration, casing, and
bearing housing temperature chdnges or leaks canfiden-
tify potential equipment problems that, left unattgnded,
could lead to equipment¢failure.
(c) The analysis shall'include identification qf any
common failure or,maintenance patterns. These pafterns
shall be analyzed-to determine their significance gnd to
identify potential*failure mechanisms. The analysig shall
determine whether
(1) certain preventive maintenance activitief or a
periodic’pump run to verify it starts and is capaple of
achieving the expected flow, or differential pressure
(bump test) would mitigate the risk of failure or identify
a’need to change maintenance patterns
(2) application of condition-monitoring tech
gies and parameters are feasible and effective in
toring for and detecting these failure mechanisms
(3) periodic disassembly and examination act
would be effective in monitoring for and detecting
failure mechanisms

nolo-
moni-

vities
these

CP-2.4.3 Condition-Monitoring Program Activities

CP-2.4.3.1 Performance Improvement Activitjes

(a) Ifsufficientinformation is not currently availdble to
complete the analysis required in CP-2.4.2, or [if the
analysis is inconclusive, then the following activities
shall be performed at sufficient intervals over an
interim period to determine a pending cause of fpilure
or the acceptability of the maintenance patterns} This
interim period shall continue until multiple and afcept-

and electrical characteristics and loading, as well as help
troubleshoot and identify equipment faults and problems.
Demodulated current spectra are typically more effective
for identifying mechanical characteristics.

(5) Motor Electrical Parameters. Motor electrical
operating parameters, including current, voltage, and
stator winding temperatures, shall be monitored in accor-

2For components that do not have lube oil, lube oil analysis is not
required.
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able—additional-conditionrmonitoringdatapoints are
obtained. All CP-2.2 test requirements shall be met
during this interim period.

(1) ldentify interim tests (e.g., application of condi-
tion-monitoring technologies and parameters) to assess
the performance of the pump, pump drivers and asso-
ciated pump electrical components, and enhanced detec-
tion of degradation and machine faults.

(2) ldentify interim application of condition-moni-
toring technologies and parameters to evaluate potential
degradation mechanisms.
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(3) ldentify other types of analysis that will be
performed to assess pump condition.

(4) ldentify the interval of each activity or if contin-
uous monitoring will be performed.

(b) ldentify attributes that will be trended. Trending
and evaluation of existing data must be used as the
basis to reduce or increase the frequency of a CP-2.2
test and pump condition-monitoring test (CMT). Note
that the CMT may be a test or an activity such as, but
not li

Section CP, Centrifugal Pumps

of generic and plant-specific performance data. Trending
and evaluation shall be used to support the conclusion that
the pump is capable of performing its intended function or
functions over the entire interval.

(b) Quarterly testfrequency intervals may be extended,
provided a CMT is performed at a minimum of every 6
months. The interval between CP-2.2 testing may be
extended another quarter when CMT requirements are
determined to be appropriate in CP-2.4.3.1(a)(1)

ited-to-—continuous-monitoring when the bump
7 =) ) o T

set is pnline or obtaining a spectral analysis data set peri-
odically on a standby pump.

(c) |Complete or revise the pump condition-monitoring
progiam test plans to document the pump program
perfofmance improvement activities and their associated
frequencies.

(d)| Perform the pump condition-monitoring activities
at thelidentified associated frequencies until either of the
following conditions is reached:

() Enough information is obtained to permit an
adeqyate evaluation of the specific application.
() The interim period ends.

(e) | After completion of (a)(1) through (a)(4), review
the aftributes that were selected for trending, along
with the results of each activity, and trends to determine
whether any changes to the performance improvement
program are required. If needed based on the results
of the last scheduled CMT, the program shall be
revis¢d in accordance with the site corrective actioh
program prior to performing additional program
imprgvement CMTs, and the applicable requirements
of CP{2.4.2 and CP-2.4.3 shall be repeated.

QP-2.4.3.2 Optimization of Pump Condition-Moni-
toring Activities

(a)| If sufficient information issavailable to assess the
performance adequacy of the pump, then the following
activifies shall be performed:

() Identify the applicable preventive maintenance
activifies, including their~associated intervals, that are
requifed to maintain{the continued acceptable perfor-
mancg of the pump.

) Identifysthe applicable examination activities,
ling their associated intervals, that will be used
iodically assess the condition of the pump.

B) \ddentify the applicable CMT activities, including

inclu
to pe

H’n‘nngh CP-2473 1(3)(4) and prnviﬂnﬂ all manufacturer

recommendations, such as shaft rotation;yefil change,
etc., are met.
(1) When implementing adequaté CMT, the interval
between CP-2.2 testing may be extended using quarterly
interval extensions up to a maximum of 5 yr.
(2) For those pumps that have six or mgre sets of
CMT data that support intérval extensions,|that data
may be utilized to detérmine the initial pump condi-
tion-monitoring program extension.

(c) ldentify attributes that will be trended
and evaluation of-existing data must be used|to reduce
or extend the'time interval between tests or exajninations.

(d) Revisethe testplans (see CP-2.4.5) to doqument the
optimized pump condition-monitoring progranp activities
and the’associated intervals of each activity.

(e) Perform these activities at their associz
vals.

(f) After performance of the optimized pu
tion-monitoring activities, review the resul
activity to determine whether any changes t¢ the opti-
mized pump condition-monitoring program arg¢ required.
If significant changes are required, the program shall be
revised prior to the performance of the next adtivity, and
the applicable requirements of CP-2.4.4 and CP{2.4.5 shall
be repeated.

(g) Changes to IST intervals must evaluate plant safety
and be supported by trending and evaluating bgth generic
and plant-specific performance data to ensure the compo-
nent is capable of performing its intended fiynction or
functions over the entire interval.

(h) Inaddition to CP-2.2 testing acceptance cfiteria, the
Owner shall develop specific acceptance criter]a for each
trendable CMT attribute and implement corrective action
in accordance with CP-2.4.4 if acceptance critefia are not
met.

Trending

ted inter-

mp condi-
(s of each

their associated intervals, that will be used to periodically
verify the acceptable performance of the pump. For CMT
activities with continuous monitoring capability, establish
appropriate analysis intervals.

(4) ldentify the interval of each activity, unlessa CMT
activity is conducted or available continuously. Initial
intervals shall be established using optimization of
pump condition-monitoring activities, provided that
the CMT and examination intervals evaluate plant
safety and are supported by the trending and evaluation
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€P-244Condition-Monitoring ProgramCorrective
Action

(a) If corrective maintenance is performed on a pump,
or a similar pump, the analysis used to formulate the basis
of the pump condition-monitoring activities shall be
reviewed to determine whether any changes are required.
If significant changes are required, the program shall be
revised, and the applicable requirements of CP-2.4.2 and
CP-2.4.3 shall be repeated.
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(b) The hydraulic and mechanical condition of a pump
relative to a previous condition can be determined by
trending CP-2.2 and CMT testing and condition-moni-
toring testing results. Deviations detected are symptoms
of changes and, depending on the degree of deviation, indi-
cate the need for further tests or corrective action. The
Owner shall develop the following:

(1) CMT results that shall include documented
evaluation of deviations detected and why further

testing and—coerrective action ic’ or-is not; needed

ASME OM-2-2024

(e) pump condition-monitoring program activities,
including the trended attributes and the bases for the asso-
ciated intervals for each pump

(f) records of required corrective action

CP-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as specified in
GR-3 and this Section. If the pump performance is unac-
ceptable, as established in this Section, the pump’s opera-

2) c
with the (
(c) Cor
activities
Owner’s

brrective actions to be performed in accordance
wner’s Quality Assurance Program

rective actions requiring repair or replacement
shall be performed in accordance with the
uality Assurance Program.

(d) If alsupplemental monitoring activity identifies a
parameter outside the normal operating range or identi-
fies a trend toward an unacceptable degraded state, the
following jactions shall be taken:

(1) Identify and document the condition in the
correctiv¢ action program established in accordance
with the Qwner’s Quality Assurance Program.

(2) Increase monitoring to establish the rate of
change of|the monitored parameter.

(3) Review component-specific information to iden-
tify the dggradation cause.

(4) Develop aplantoremove the pump from an oper-
ationally ready condition to perform maintenance prior to
significant performance degradation.

(5) Address potential generic concerns applicable to
other punmps based on the results of the analysis of the
specific pimp performance.

CP-2.4.5 Condition-Monitoring Program Documen-
tation. The pump condition-monitoring ptogram shall
be documpnted and shall include the following informa-
tion:

(a) listpf pumps in the program(and the critical design
and perfofmance attributes of the)pumps, their drivers,
and assocjated electrical system components

(b) datps pumps were-added and/or deleted to the
program dgnd the reason-for their inclusion and/or dele-
tion, including pertinent‘performance, repair, or refurb-
ishment hiistory

(c) analysis-forming the basis for the program

(d) identified failure or maintenance history patterns
for each pump

tional readiness is not verified, and corrective action shall
be taken in accordance with the Owner’s corrective fction
requirements. Prior to returning the pumpte’an g¢pera-
tionally ready condition, corrective @ction shall be
completed with either
(a) testing to demonstrate that the'pump can pejrform
its specified functions until the’next scheduled tegt, or
(b) performance of an analysis that supports the
pump’s continued use at the)changed values
This analysis shall include verification of the ppmp’s
operational readiness at both the pump level and a
system level, the tduse of the change in pump pprfor-
mance, and anevaluation of all trends indicated byl|avail-
able data. The analysis shall confirm the current refdrence
values orestablish new reference values. The resylts of
this analysis shall be documented in the record of|tests.

CP-4 RECORDS

(a) Pump records shall be maintained in accorfance
with GR-4 and as specified in this subsection.

(b) The Owner shall maintain a record that
include the following for each pump covered b
Section:

(1) the name of the manufacturer and the ma
turer’s model and serial numbers or other identifi
number

(2) acopy or summary of the manufacturer’s gccep-
tance test report, if available

(3) a copy of the pump manufacturer’s ope
limits

(4) test parameters (e.g., flow rate and assotiated
differential pressure, or flow rate and assodiated
discharge pressure, and speed for variable gpeed
pumps) and their basis

shall
y this

hufac-
ration

rating
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Section PDP, Positive Displacement Pumps

Section PDP
Positive Displacement Pumps

PDP-1 INTRODUCTION

Poditive displacement pumps within the scope of this
Code phall meet the requirements specified in Section GR
and this Section.

PDP-2 INSERVICE TESTING REQUIREMENTS

PDP-2.1 General Requirements

PDP-2.1.1 Testing Parameters. The hydraulic and
mechpnical condition of a pump relative to a previous
condifion can be determined by attempting to duplicate
by tedt a set of reference values. Deviations detected are
symptoms of changes and, depending on the degree of
deviation, indicate the need for further tests or corrective
actior]. The parameters to be measured during baseline
testing and IST are specified in Table PDP-2.1.1-1.

PDP-2.1.2 Baseline Testing

(a)] The parameters to be measured are specifiéd in
Table| PDP-2.1.1-1.

(b)| Reference values shall be taken at or<nedr pump
design pressure for the parameters 'specified in
Table| PDP-2.1.1-1.

(c)|Vibration measurements are-oenly required to be
taken|at the reference point or points.

(d)] A baseline test may be substituted for any inservice
test.

Table PDP-2.1.1-1
Inservice Test Parameters
for Positive Displacement Pumps

PDP-2.1.3 Baseline Testing Frequency. Albdseline test
shall be performed and an initial set of referepce values
established in accordance with PDP-2.1,6.2 ptior to the
pump being relied on to perform its jspecified|functions.
Exceptas specified in PDP-2.1.7.1,.0nly one basgline test is
required for each pump.'

PDP-2.1.4 Inservice Testing Interval

(a) Aninservice test:shall be performed on g¢ach pump
quarterly. Optionaladjustment of this interval i§ provided
in PDP-2.4.

(b) An insexvice test shall be current within(the estab-
lished fréquency prior to the pump being relied on to
perfornnits specified functions.

PDP-2.1.5 Pumps in Regular Use. Pumpg that are
operated more frequently than every 3 mopths need
not be run or stopped for a special test, prqvided the
plant records show the pump was operated at least
once every 3 months at the reference condifions, and
the quantities specified were determined, frecorded,
and analyzed per PDP-2.3.

PDP-2.1.6 Data Collection
PDP-2.1.6.1 General

(a) Instrument Location. The sensor locatign shall be
established by the Owner, documented in [the plant
records, and appropriate for the paramefer being
measured. The same location shall be used for spbsequent
tests. Instruments that are position sensitive shall be
either permanently mounted, or provision shall be
made to duplicate their position during each est.

(b) Fluctuations.Symmetrical damping deviges or aver-
aging techniques may be used to reduce instrA:Elent fluc-

tuations. Hydraulic instruments may be damped by using
gage snubbers or by throttling small valves in ipstrument

Quantjty; Baseline Test Inservice Test
Speed, N [Note (1J] X X
Discharge pressure, P X X
Flow rate, Q X X
Vibration [Note (2)]
Displacement, V; X X
Velocity, V, X X
NOTES:

(1) If variable speed.
(2) Measure either peak-to-peak displacement, V, or peak velocity,
V.

lines.
(c) Instrument Loop. Two or more instruments or
components working together to provide a single output.
(d) Instrument Loop Accuracy. Accuracy of an instru-
ment loop is based on the square root of the sum of
the squares of the inaccuracies of each instrument or
component in the loop when considered separately.

It is recommended, though not required, that the baseline test be
performed soon after completion of installation activities and prior
to significant runtime of the pump.
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Table PDP-2.1.6.1-1
Required Instrument Accuracy — Hydraulic

Quantity Baseline and Inservice Tests, % of Indicated Value
Pressure +1Y,
Flow rate *6

Alternatively, the allowable inaccuracy of the instrument

ASME OM-2-2024

(4) Measurements shall be taken in a plane approxi-
mately perpendicular to the rotating shaft in two approxi-
mately orthogonal directions on each accessible pump-
bearing housing. Measurement shall also be taken in
the axial direction on each accessible pump thrust-
bearing housing.

(5) If a portable vibration indicator is used, the
measurement points shall be clearly identified on the
pump to permit subsequent duplication in both location

loop may hebased onthe outputforaknown inputintothe and plane
instrument loop. (6) Pumps that will use the "minimum refeirlence”
(e) Flow and Pressure Measurement value for one or more vibration points shall use/trgnding

(1) Accuracy. Analog or digital instruments may be
used, provided they are calibrated within the limits speci-
fied in Tgble PDP-2.1.6.1-1 at the expected indicated
values (e.g., reference values).

(2) Range. The analog or digital instrument shall be
designed and calibrated for use at the expected indicated
values (e.g., reference values) to be measured or recorded
during the test.

(3) Analytical Methods. If a parameter is determined
by analytifal methods instead of measurement (e.g., lake
level for pressure or change in tank level over time for
flow), then the determination shall meet the parameter
accuracy| requirement of Table CP-2.1.6.1-1. The
method uged to determine the parameter shall be included
in the recprd.

(4) Gage Lines. If the presence or absence of liquid in
a gage ling could produce a difference of more than 0.25%
in the indjcated value of the measured pressure, means
shall be provided to ensure or determine the presence or
absence ofliquid as required for the static correctiondised.

(f) Rotqtional Speed Measurement — Variable,Speed
Pumps Onfy

(1) Range. Digital instruments shall be-selected such

that the r¢ference value does not exceed. 90% of the cali-

n the
loca-

analysis of measured vibration amplitudes i
frequency domain to assess performance at these
tions. The Owner shall document the\conclusion pf the
performance analysis prior to the.subsequent test with
a conclusion of acceptable, dégrading but accepitable,
or unacceptable. Corrective~action shall be initiated
when an unacceptable trend-in performance is idenified.

PDP-2.1.6.2 Reference Values

(a) Referencevalues for the pump inservice test shall
be obtained asdollows:

(1) Initial reference values shall be determined from
the resultsof testing meeting the requirements of bageline
testing.or from the results of the first inservice test.

(Z) New or additional reference values shpll be
established as required by PDP-2.1.7, PDP-2.1|8, or
PDP-2.3.2(c).

(3) Reference values shall be established only
the pump is known to be operating acceptably.

(4) Reference valuesshall be established atap
points of operation (reference point) readily dupl
during subsequent tests.

(5) Reference valuesshall be established atthejfinser-
vice test flow rate. The best efficiency point, system flow

when

intor
cated

brated range of the instrument. rates, and any other plant-specific flow rates shall b¢ eval-
(2) Accuracy. Instrument aecuracy shall be within uated.
the limits|of Table PDP-2.1.6 1=2:
(3) Rotational Speed Measurement. Rotational speed
measurenjents of variable’speed pumps shall be taken by a
method fthat meets_the requirements of Table Table PDP-2.1.6.1-2
PDP-2.1.6|1-2. Required Instrument Accuracy — Mechanical
(9) Vibyation Measureme.nt Quantity Baseline and Inservice T¢sts, %
(1) For pumps operating at or above 600 rpm, the speed "
frequency response range of the vibration-measuring e N
transducers and their readout system shall be from
one-third minimum pump shaft rotational speed to at >4 Hz t0 1,000 Hz [Note (1)] *5
1 Hz to 4 Hz [Note (2)] +15

least 1,000 Hz.

(2) Forslow speed pumps operating below 600 rpm,
the frequency response range of the vibration-measuring
transducers and their readout system shall be no lower
than 1 Hz to at least 1,000 Hz.

(3) Instrument accuracy shall be within the limits of
Table PDP-2.1.6.1-2.

20

NOTES:

(1) +5% accuracy from >4 Hz or one-third pump shaft rotation speed
to at least 1,000 Hz in native units (accelerometers in accelera-
tion, velocity transducers in velocity, etc.).

Transducers used on slow speed running pumps under 600 RPM:
+15% accuracy in native units (accelerometers in acceleration,
velocity transducers in velocity, etc.) from 1 Hz to 4 Hz and +5% >
4 Hz to a minimum of 1,000 Hz.

(2)
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(6) For smooth running pump-measured vibration
reference values less than 0.050 ips/0.00127 mps, the
owner may use 0.050 ips/0.00127 mps as the
minimum reference value for one or more of the vibration
points. In such cases, the minimum reference value of
0.050 ips/0.00127 mps shall be used to define acceptable
pump performance in accordance with PDP-2.3.

(b) All subsequent test results shall be compared to
these initial reference values or to new reference

Section PDP, Positive Displacement Pumps

(a) The additional set of reference values shall be
established per PDP-2.1.6.2. A test shall be run to
verify the new reference values before their implementa-
tion.

(b) Atestshallberun to verify the new reference values
before their implementation. Whenever an additional set
of reference values is established, the reasons for so doing
shall be justified and documented in the record of tests.
The requirements of PDP-2.1.6.2 apply.

values-established-as roqnirﬂr‘ ]ny PDP-2 1 '7’ PDP-2 1 Q,

or PDP-2.3.2(c).

(c) |Related conditions that can significantly influence
the measurement or determination of the reference value
shall pe analyzed in accordance with PDP-2.3.4.

PDP-2.1.7 Effect of Pump Replacement, Repair, and
MainIJenance on Reference Values

DP-2.1.7.1 Replacement and Major Maintenance.
Folloyving replacement, major maintenance, or routine
serviding (e.g., piston replacement), such that the existing
baseline test data and reference values do not represent
the ipstalled pump, the following shall be performed
before declaring the pump operationally ready:

(a)] A baseline test shall be performed in accordance
with PDP-2.1.2.

(b)| A new set of reference values shall be established in
accorflance with PDP-2.1.6.2 from the results of the base-
line test.

(c) | Verification that the new reference values repre-
sent acceptable pump operation shall be placed.in the
record of tests.

PDP-2.1.7.2 Routine Maintenance and Repair. When
a refdrence value or set of reference values"might have
been faffected by repair or routine maintenance, other
than [that covered under PDP-2.10.7.1, the following
shall be performed before declaring/the pump operation-
ally ready:

(a)| An inservice test shall be performed and the
previpus reference valuesreconfirmed, or anew reference
value] or set of reference values, shall be determined in
accorflance with RDR-2.1.6.2.

(b)|If new reference values are determined, deviations
from the previgus and new reference values shall be eval-
uated| angd-verification that the new values represent ac-
ceptabplespump operation shall be placed in the record of

PDP-2.1.9 Duration of Tests. For all pump baseline
tests and inservice tests, after pump conditigns are as
stable as the system permits, each pump shpll be run
atleast 2 min. At the end of this time, at least ong measure-
ment or determination of each of the ‘Quantitief required
by Table PDP-2.1.1-1 shall besmade and recorded.

PDP-2.2 Specific Inservicé Testing Requ{rements

Tests shall be conductéd with the pump opefating at a
specified reference point and within the variances from
the reference pointas described in this paragragh. The test
shall be condutted as follows:

(a) Thepump shall be operated atnominal mptor speed
for constant speed drives or at a speed adjusted to the
reference point (+1%) for variable speed drives.

(1) The resistance of the system shall be vharied until
the discharge pressure is the reference point with the
variance not to exceed +1% or -2% of the [reference
point. The flow rate shall then be deternjined and
compared to its reference value.

(2) Vibration (displacement or velocity) shall be
determined and compared with corresponding reference
values. Vibration measurements are to be an ov¢rall value,
without filtering, of velocity or displacement. [If velocity
measurements are used, measurement shall he peak. If
displacement amplitudes are used, measurement shall
be peak-to-peak.

(3) All deviations from the reference valups shall be
compared with the ranges of Table PDP-2.2-1 or Table
PDP-2.2-2, as applicable, and corrective action taken as
specified in PDP-2.3.2. For reciprocating positive displace-
ment pumps, vibration measurements shall be{compared
to the relative criteria shown in the alert and required
action ranges of Table PDP-2.2-2. For all othgr positive
displacement pumps, vibration measurements shall be
compared to both the relative and absolutle criteria

tests.

PDP-2.1.8 Establishment of Additional Set of Refer-
ence Values. If it is necessary or desirable, for some
reason other than stated in PDP-2.1.7, to establish an addi-
tional set of reference values, an inservice test shall be run
at the conditions of an existing set of reference values and
the results analyzed. If operation is acceptable per
PDP-2.3.2, an additional set of reference values may be
established as follows:

21

shown 1n the alert and required action ranges of Table
PDP-2.2-1. For example, if vibration exceeds either 6V,
or 0.7 in./sec (1.7 cm/s), the pump is in the required
action range.

PDP-2.3 Monitoring, Analysis, and Evaluation

PDP-2.3.1 Trending Test parameters shown in
Table PDP-2.1.6.1-1, except for fixed values, shall be
trended.
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Table PDP-2.2-1
Positive Displacement Pump (Except Reciprocating) Test Acceptance Criteria

Test Required Action Range
Test Type Pump Speed Parameter Acceptable Range Alert Range Low High
Inservice test N/A Q 0.95Q, to 1.06Q, 0.93Q, to <0.95Q, <0.93Q, >1.06Q,
[Notes (1),
(2)]
N/A P 0.93P, to 1.06P, 0.90P, to <0.93P, <0.90P, >1.06P,
<600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 in./sec
(0.3 cm/s) (>0.3 cm/s to U.7 cm/s) None (>0.7 cm/s
VgorV, <2.5V, >2.5V, to 6V, or >6V, or
>10.5 mils to 22 mils >22(mijls
(>266.7 pm to 558.8 pm) (>558.8 um
2600 rpm V, [Note (3)] <0.125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 in./se
(0.3 cm/s) (>0.3 cm/s to 0.7 cm/s) None (>0.7 cm/s
V, or V, <2.5V, >2.5V, to 6V, or >6V, or
>0.325 in./sec to 0.7 in./sec >0.7 in./sed
(>0.87 cm/s to 1.7 cm/s) (>1.7 cm/s

GENERAL NPTE: The subscript r denotes reference value, the subscript v denotes vibration velocity referencevalue, and the subscript d denotes

displacemerft.

NOTES:

(1) Vibratign parameter V, is vibration reference value in the selected units.

(2) Refer tq Figure PDP-2.2-1 to establish displacement limits for pumps with speeds 2600*fpm or velocity limits for pumps with [speeds

<600 rpm.

(3) Pumps fhat will use the “minimum reference” value for one or more vibration peints shall use trending analysis of measured vibration

amplitudes in the frequency domain to assess performance at these locations

Table PDP<2.2-2
Reciprocating Positive Displacement Pump Test Acceptance Criteria

Test Required Action Ranjge
Test Typeq Pump Speed Parameter Acceptable-Range Alert Range Low High
Inservice teft N/A Q 0.950Q, t0/1.06Q, 0.93Q, to <0.95Q, <0.93Q, >1.06Q,
N/A P 0.93P,to 1.06P, 0.90P, to <0.93P, <0.90P, >1.06P,
N/A V, [Note (1)] ( 20:125 in./sec >0.125 in./sec to 0.300 in./sec None >0.300 in./se
(=0.3 cm/s) (0.3 cm/s to 0.7 cm/s) (>0.7 cm/s
N/A V, or V4 <2.5V, >2.5V, to 6V, None >6V,

GENERAL NPTE: The subscript r denetesreference value, the subscript v denotes vibration velocity reference value, and the subscript d denotes

displacemerft.

NOTE: (1) Humps that will uséthre-“minimum reference” value for one or more vibration points shall use trending analysis of measured vipration

amplitudes |n the frequency domain to assess performance at these locations [see PDP-2.1.6.2(a)(6)].

PDP-2.3.2 Corrective Action

(Cl) AlettRangelfthe measured test parametervalues
H-ahge—H-the-measureatestpara teryardes

either the cause of the deviation has been deterfined
and the condition is corrected or an analysis ¢f the

fall within the alert range of Table PDP-2.2-1 or Table
PDP-2.2-2, as applicable, the frequency of testing shall
be at least once every 45 days until the cause of the devia-
tion is determined and the condition is corrected or an
analysis of the pump is performed in accordance with (c).

(b) Action Range. If the pump periodic verification test
flow or pressure parameter is not met or a measured test
parameter value falls within the required action range of
Table PDP-2.2-1 or Table PDP-2.2-2, as applicable, the
pump’s operational readiness is not verified until

pump is performed in accordance with (c).

(c) Analysis. In cases where the pump’s test parameters
are within either the alert or required action ranges of
Table PDP-2.2-1 or Table PDP-2.2-2, as applicable, an
analysis may be performed that supports the pump’s
continued use at the changed values. This analysis
shall include verification of the pump’s operational readi-
ness. The analysis shall include both a pump level and
system level evaluation of operational readiness, the
cause of the change in pump performance, and an
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Figure PDP-2.2-1
Positive Displacement Pump Vibration Limits
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evaluation of all trends indicated-by-available data. The (b) Vibration measurements of pumps might be foun-
analygis shall confirm the current reference value or dation, driver, or piping dependent. Thereforg, if initial
valuefs or establish a new/reference value or values. vibration readings are high and have no obvious relation-
The results of this analysisyshall be documented in the ship to the pump, then additional vibration measurements
recordl of tests. shall be taken as necessary (e.g., at the driver, af the foun-

PDP-2.3.3 Systematic Error. When a test shows
measfired parameter values that fall outside of the accept-
able rfange of Fable PDP-2.2-1 or Table PDP-2.2-2, as ap-
plicalle, that-have resulted from an identified systematic
error) such”as improper system lineup or inaccurate in-

PDP-2.3.4 Analysis of Related Conditions

(a) If the reference value of a particular parameter
being measured or determined can be significantly influ-
enced by other related conditions, then these conditions
shall be analyzed and documented in the record of tests
(see PDP-4).

23

dation, and on the piping) and analyzed to ensujre that the
reference vibration measurements are repres¢ntative of
the pump, and the measured vibration levels will not
prevent the pump from fulfilling its function. Thiis analysis
shall be documented in the record of tests.

. ondition-

onitoring Program
PDP-2.4.1 Condition-Monitoring Purpose

(a) The alternative requirements for condition moni-
toring of pumps (see PDP-2.4) establishes testing and
monitoring requirements for the implementation and
maintenance of a condition-monitoring program for
pumps, pump drivers, and associated pump electrical
system components. The intended purpose of the
pump condition-monitoring program is to provide
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additional technologies for monitoring the condition of
pumps and associated components, which will allow

(1) performance improvement activities through
enhanced detection of degradation and machine faults

(2) optimization of pump condition-monitoring
activities

(b) The alternative requirements for condition moni-

toring of pumps (see PDP-2.4) shall be used in conjunction
with inservice testing requirements when the Owner
wishes to

ASME OM-2-2024

the many types of equipment faults and characterize, and
trend, machinery conditions in a manner that supports
accurate and reliable fault detection, maintenance, plan-
ning, and long-term equipment reliability.

(2) Lube 0il Analysis.? Lube oil analysis involves
analyzing oil properties, including those of the base oil
and its additives, and identifying the presence of contami-
nants and wear debris.

(3) Thermography. Thermography is used for

adiust freaguencv of testing pumps-as-specified
) T o4 5P ) o 3

in PDP-2.1.4. In addition, the purpose of the pump condi-
tion-moniforing program is to improve both pump perfor-
mance angl optimize testing, monitoring, and preventive
maintenance activities to maintain the continued accept-
able performance of a Code-tested pump. If the pump
conditionfmonitoring program for a pump is discon-
tinued, then all the requirements of PDP-2 through
PDP-2.3 shall apply.

(c) The frequency of testing pumps as specified in
PDP-2.1.4|may be adjusted, provided alternative require-
ments for| condition monitoring of pumps are applied.
Except for adjustment to testing frequency specified in
PDP-2.1.4, the alternative requirements for condition
monitorilllg of pumps (see PDP-2.4) do not alter or
exempt any other requirement.

(d) The alternative requirements for condition moni-
toring of|pumps (see PDP-2.4) address information
regarding| pump drivers and associated equipment for
the sole purpose of using such information to evaluate
the conditjon of pumps and not to provide any evaluation
of those drivers and associated equipment.

PDP-2.4.2 Condition-Monitoring Analysis

(a) Thg Owner shall perform an analysis ef the design,
test histo1ly, and maintenance history of,.a-ptimp, a pump
driver, and the pump electrical system/to détermine those
additional pump condition-monjtoring technologies,
acceptande criteria, and equipment to be included in
the pump condition-monitoring program that will
enhance detection of degradation and machine set faults.

(b) In 4ddition to the.testing required by PDP-2.2, the
analysis shall include‘cendition-monitoring technologies
and parameters fof vibration analysis, lube oil analysis,?
thermography, amotor current signature analysis, motor
electrical parameters, and process and equipment param-
eters.

r‘nfnr‘h'ng and mﬂacnrihg variations-in-the heat emitted

by various regions of a body and transforming|them
into visible signals that can be recorded photegraphiically.
Thermography can be used as a tool for identifying poten-
tial equipment faults, performing post-maintepance
retests, and trending the condition of.equipment c¢mpo-
nents subject to temperature degradation. For exgmple,
thermography can be used ¢ monitor switcHgear,
breakers, and control relaysiproviding electrical power
to equipment and can also beé used to detect mechpnical
equipment faults.

(4) Motor Current-Signature Analysis. Motor cyrrent
signature analysissinvolves analyzing motor current data
in the frequen€y’démain. Motor current signature arfalysis
shall be collected and utilized to verify proper mechpnical
and electrical characteristics and loading, as well as tp help
troubleshoot and identify equipment faults and prohlems.
Dembdulated current spectra are typically more effective
for'identifying mechanical characteristics.

(5) Motor Electrical Parameters. Motor eled
operating parameters, including current, voltage
stator winding temperatures, shall be monitored in fccor-
dance with manufacturer’s recommendations, inqustry
standards and practices, and plant experience. Current,
phase balance, and winding temperatures can piovide
an indication of degradation to predict impending failure.

(6) Process and Equipment Parameters. Procegs and
equipment parameter variations might impact condition-
monitoring results. Applicable process and equipment
data shall be collected in conjunction with the equipment
condition-monitoring data. This includes any syecific
plant condition or operating parameters that might or
does affect equipment-operating characteristics. Aspppli-
cable and available, when doing walkdowns of the ¢quip-
ment or during operator rounds and data collection,
visual, auditory, olfactory, and tactile observatigns of
equipment sounds, smells, discoloration, casing, and

trical
, and

(1) Vibration Analysis. Vibration analysis involves
the Owner utilizing instrumentation capable of collecting
and analyzing spectral vibration data to monitor machine
condition. Vibration analysis is the primary technology,
along with lube oil analysis, used in a condition-moni-
toring program. The emphasis on utilizing equipment
capable of collecting and analyzing spectral vibration is
to ensure that the resulting vibration analysis can identify

2For components that do not have lube oil, lube oil analysis is not
required.
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bearing housing temperature changes or leaks can iden-
tify potential equipment problems that left unattended
could lead to equipment failure.

(c) The analysis shall include identification of any
common failure or maintenance patterns. Analyze
these patterns to determine their significance and identify
potential failure mechanisms. The analysis shall deter-
mine whether


https://asmenormdoc.com/api2/?name=ASME OM-2 2024.pdf

ASME OM-2-2024

(1) certain preventive maintenance activities or a
periodic pump run to verify it starts and is capable of
achieving the expected flow or differential pressure
(bump test) would mitigate the risk of failure or identify
need to change maintenance patterns

(2) application of condition-monitoring technolo-
gies and parameters are feasible and effective in moni-
toring for and detecting these failure mechanisms

(3) periodic disassembly and examination activities
would-be-effective in-monitoring fo i
b mechanisms

PD
ADP-2.4.3.1 Performance Improvement Activities

(a)| If sufficient information is not currently available to
complete the analysis required in PDP-2.4.2, or if the
analypis is inconclusive, then the following activities
shall|be performed at sufficient intervals over an
interim period to determine a pending cause of failure
or th¢ acceptability of the maintenance patterns. This
interim period shall continue until multiple and accept-
able additional condition-monitoring data points are
obtaiped. All PDP-2 test requirements shall be met
during this interim period.

() Identify interim tests (e.g., application of condi-
tion-rhonitoring technologies and parameters) to assess
the performance of the pump, pump drivers, and asso-
ciated pump electrical components and the enhanced
detection of degradation and machine faults.

(B) Identify interim application of condition-moni-
toring technologies and parameters to evaluatepotential
degradation mechanisms.

3) Identify other types of analysis“that will be
perfomed to assess pump condition,

(#) ldentify the interval of each activity or if contin-
uous monitoring will be performed:

(b)| Identify attributes that(will be trended. Trending
and dvaluation of existing data must be used as the
basis| to reduce or increase the frequency of the
PDP-P.2 test and punhip condition-monitoring test
(CMT). Note that the*CMT may be a test or an activity
such |as, but petilimited to, continuous monitoring
when|pump set is online or obtaining a spectral analysis
data get periodically on a standby pump.

(c) | Complete or revise the pump condition-monitoring

P-2.4.3 Condition-Monitoring Program Activities

Section PDP, Positive Displacement Pumps

(e) After completion of (a)(1) through (a)(4), review
the attributes that were selected for trending, along
with the results of each activity and trends to determine
whether any changes to the performance improvement
program are required. If needed based on the results
of the last scheduled CMT, the program shall be
revised in accordance with the site corrective action
program prior to performing additional program
improvement CMTs, and the applicable requirements

PDP-2.4.3.2 Optimization of Pump Condition-Moni-
toring Activities

hssess the
following

(a) If sufficient information is @vailable to
performance adequacy of the pump, then the
activities shall be performed:

(1) Identify the applicable preventive mgintenance
activities, including theit associated intervals that are
required to maintainythe continued acceptable perfor-
mance of the pump,

(2) ldentify the applicable examination |activities,
including theix associated intervals that will be used to
periodically assess the condition of the pump

(3):ldentify the applicable CMT activities
their’associated intervals that will be used to p
verify the acceptable performance of the pumy
aetivities with continuous monitoring capability
appropriate analysis intervals.

(4) ldentify the interval of each activity, unlessa CMT
activity is conducted or available continuougly. Initial
intervals shall be established using optim|zation of
pump condition-monitoring activities, provided that
the CMT and examination intervals evaluate plant
safety and are supported by the trending and gvaluation
of generic and plant-specific performance datal Trending
and evaluation shall be used to support the conclusion that
the pump is capable of performing its intended function or
functions over the entire interval.

(b) Quarterly testfrequency intervals may bg extended,
provided a CMT is performed at a minimum pf every 6
months. The interval between PDP-2.2 testing may be
extended another quarter when CMT requirements are
determined to be appropriate in PDP-2.4J3.1(a)(1)
through PDP-2.4.3.1(a)(4) and provided all mapufacturer
recommendations, such as shaft rotation, oil change, etc.,
are met.

including
eriodically
. For CMT
, establish

progratttestplans—todocument-theptmpprograt
performance improvement activities and their associated
frequencies.

(d) Perform the pump condition-monitoring activities
at the identified associated frequencies until either of the
following conditions is reached:

(1) Enough information is obtained to permit an
adequate evaluation of the specific application.
(2) The interim period ends.
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(1) When implementing adequate CMT, the interval
between PDP-2 testing may be extended using quarterly
interval extensions up to a maximum of 5 yr.

(2) For those pumps that have six or more sets of
CMT data that support interval extensions, that data
may be utilized to determine the initial pump condi-
tion-monitoring program extension.

(c) ldentify attributes that will be trended. Trending
and evaluation of existing data must be used to reduce
or extend the time interval between tests or examinations.
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(d) Revise the test plans (see PDP-2.4.5) to document
the optimized pump condition-monitoring program activ-
ities and the associated intervals of each activity.

(e) Perform these activities at their associated inter-
vals.

(f) After performance of the optimized pump condi-
tion-monitoring activities, review the results of each
activity to determine whether any changes to the opti-
mized pump condition-monitoring program are required.
If significant-changes-are required ogram-sha
revised prjior to the performance of the next activity, and
the applicpble requirements of PDP-2.4.3 and PDP-2.4.4
shall be r¢peated.

(g) Changes to IST intervals must evaluate plant safety
and be supported by trending and evaluating both generic
and plant-specific performance data to ensure the compo-
nent is capable of performing its intended function or
functions jover the entire interval.

(h) In dddition to PDP-2.2 testing acceptance criteria,
the Owner shall develop specific acceptance criteria for
each trendlable CMT attribute and implement corrective
action in accordance with PDP-2.4.4 if acceptance criteria
are not meet.

PDP-2.4.4 Condition-Monitoring Program Corrective
Action

(a) If corrective maintenance is performed on a pump,
or a similar pump, the analysis used to formulate the basis
of the pump condition-monitoring activities shall be
reviewed fo determine whether any changes are required(
If significgnt changes are required, the program shall be
revised, and the applicable requirements of PDP-2:4.2-and
PDP-2.4.3|shall be repeated.

(b) Thdhydraulic and mechanical conditign ef a pump
relative t¢ a previous condition can be-determined by
trending PDP-2.2 and CMT testing and eondition-moni-
toring testing results. Deviations detected are symptoms
of changeqdand, depending on thedegree of deviation, indi-
cate a ne¢d for further tests{oy corrective action. The
Owner shall develop

(1) QMT results thdt-shall include documented
evaluation of deviatiens detected and why further
testing and corrective action is, or is not, needed

(2) cprrectivedctions to be performed in accordance
with the Qwneft’s Quality Assurance Program

(c) Cortective actions requiring repair or replacement

ASME OM-2-2024

(2) increase monitoring to establish the rate of
change of the monitored parameter

(3) review component-specific information to iden-
tify the degradation cause

(4) develop a plan to remove the pump from an oper-
ationally ready condition to perform maintenance prior to
significant performance degradation

(5) address potential generic concerns applicable to
other pumps based on the results of the analysis of the

PDP-2.4.5 Condition-Monitoring Program Doc
tation. The pump condition-monitoring program shall be
documented and shall include the following informiation:

(a) alistof pumpsinthe programandthé critical design
and performance attributes of the-ptimps, their dyivers,
and associated electrical system components

(b) dates pumps were added’and/or deleted fo the
program and the reason far-their inclusion and/o1] dele-
tion, including pertinent performance, repair, or refurb-
ishment history

(c) analysis forming the basis for the program

(d) identifiedfailure or maintenance history patterns
for each pump

(e) pump,condition-monitoring program actiyities,
including the trended attributes and the bases for thg asso-
ciated intervals for each pump

(f) records of required corrective action

PDP-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as speciffed in
GR-3 and this subsection. If the pump performancelis un-
acceptable, as established in this Section, the piimp’s
operational readiness is not verified, and corrg¢ctive
action shall be taken in accordance with the Owner’s
corrective action requirements. Prior to returning the
pump to an operationally ready condition, corrgctive
action shall be completed with either

(a) testing to demonstrate that the pump can pejrform
its specified functions until the next scheduled tegt, or

(b) performance of an analysis that supports the
pump’s continued use at the changed values

This analysis shall include verification of the ppmp’s
operational readiness at both the pump level and a
system level, the cause of the change in pump pprfor-
mance, and an evaluation of all trends indicated by|avail-

activities shall be performed in accordance with Owner’s
Quality Assurance Program.

(d) If a supplemental monitoring activity identifies a
parameter outside the normal operating range or identi-
fies atrend toward an unacceptable degraded state, action
shall be taken to

(1) identify and document the condition in the
corrective action program established in accordance
with the Owner’s Quality Assurance Program

able data. The analysis shall confirm the current reference
value or establish a new reference value or values. The
results of this analysis shall be documented in the
record of tests.

PDP-4 RECORDS

(a) Pump records shall be maintained in accordance
with GR-4 and as specified in this Section.
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(b) The Owner shall maintain a record that shall
include the following for each pump covered by this
Section:

(1) the name of the manufacturer and the manufac-
turer’s model and serial numbers or other identification
number

(2) acopy or summary of the manufacturer’s accep-
tance test report, if available

(3) a copy of the pump manufacturer’s operating
limits

(4) test parameters (e.g., flow rate and associated
discharge pressure, and speed for variable speed
pumps) and their basis

27
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Section AQV
Air-Operated Valves

AOV-1 INTRODUCTION

Air-operated valves (AOVs) within the scope of this
Code shall meet the requirements specified in
Section GR and this Section.

AOV-2 INSERVICE TESTING REQUIREMENTS

AOV-2.1 |General Requirements
AOV-2.]1.1 Baseline Testing

(a) Eadh AOV shall be tested prior to the initial IST
interval ap required by this Section. Testing that meets
the requirements of this Code but was performed
before implementation of this Code may be used. A base-
line test of each valve shall be conducted within 1 yr of the
initial IST

(b) Eagh of the following baseline tests shall be
performed for each AOV:

(1) performance assessment test

(2) stroke test

(3) fjil-safe test, as applicable

(4) lgak testing, as applicable

(5) dosition verification testing for valwves with
remote pgsition indicators

(c) Any AOV that has undergone maintenance that
could affect its performance after(the baseline test
shall be t¢sted in accordance with" AOV-2.1.3.

AOV-2.1.2 Inservice Testing:-Inservice testing shall
commencg when the AOV js\telied on to be capable of
performing its specified functions. The following inservice
tests shall be performed for each AOV:

(a) performance assessment test

(b) strqke test

(c) fail{safe’test, as applicable

(d) leak testing, as applicable

testing to determine if new inservice test valugs are
warranted before the AOV is returned to service.[If the
AOV was not removed from service, ihsérvic¢ test
values shall be immediately determinéd or confifmed.
This testing is intended to demonstrate-that test ppram-
eters, which could be affected by the replacement, fjepair,
modification, or maintenancé,/are within acceptable
limits. The Owner’s programishall define the leyel of
testing required prior to.and after replacement, rfepair,
modification, or maintenance activities. Other attriputes,
such as functional margin, shall be evaluated when
defining the level\of testing required prior to and after
replacement, répair, modification, or maintenance [activ-
ities, wherethe basis is properly justified and documlented
by an engineering evaluation. Deviations betwegn the
previoussand new inservice test values shall be identified
and*analyzed. Verification that the new inservice test
values represent acceptable operation shall be docu-
mented as described in AOV-4.

AOV-2.1.4 AOV Inservice Testing Requirements.
Inservice testing shall be performed on each AOV as fpeci-
fied in this Section.

(a) Valve Obturator Movement. The necessary|valve
obturator movement shall be determined by exergising
the valve while observing an appropriate indifator,
such as indicating lights that signal the reqpired
changes of obturator position, or by observing [other
evidence, such as changes in system pressure| flow
rate, level, or temperature, that reflects change of
obturator position.

(1) AOVs in Regular Use. AOVs that operate |n the
course of plant operation at a frequency that yould
satisfy the exercising requirements of this Section need
not be additionally exercised, provided that the observa-
tions otherwise required for testing are madg¢ and
analyzed during such operation and recorded in the

(e) position verification testing for valves with remote
position indicators

AOV-2.1.3 Effect of AOV Replacement, Repair, Modi-
fication, or Maintenance. When an AOV is replaced,
repaired, or modified or undergoes maintenance that
could affect the valve’s performance, new inservice test
values shall be determined. The previously established
inservice test values shall be reconfirmed, or the activities
performed shall be evaluated, along with the results of
post-replacement, repair, modification, and maintenance

plant record at intervals no greater than specified in
AOV-2.5.3(a).

(2) AOVs Out of Service. For an AOV that is out of
service, the exercising test schedule need not be followed.
Before placing the valve in service, the valve shall meet the
requirements of this Section.

(b) Position Verification Testing. AOVs with remote
position indicators shall be observed at least once
every 5 yr to verify that valve operation is accurately
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indicated by indications such as use of flow meters or
other suitable instrumentation to verify obturator posi-
tion.

(c) Leak Testing Requirements. Seat leakage testing
shall be in accordance with Section VLT.

AOV-2.2 Instrumentation and Test Equipment

Instrumentation and test equipment accuracy shall be
included when establishing AOV test acceptance criteria.

Section AOV, Air-Operated Valves

(3) The observation is performed at least once every
24 months.

(4) The valve exhibits the required change in
obturator position.

(5) A stroke test can be performed quarterly.

(6) Credit may be taken for operation at less than
design conditions with proper justification. The basis
shall be documented by engineering evaluation. The engi-

neering evaluation shall be reviewed and updated, as
rnqnirnr" if an AOQV app]ir‘afinn is—changed-the AOV is
o

AOV-+2.3 Specific Inservice Testing Requirements

AOY-2.3.1 Performance Assessment Testing. Perfor-
mancg assessment testing shall be performed to assess
functional margin. An initial performance assessment
test shall be performed to assess functional margin of
each AOV prior to reliance on its capability to perform
the sgecified functions. Baseline performance assessment
test nmhay be used to meet this requirement.

(a)| The interval for periodic performance assessment
tests ghall be determined to demonstrate that an adequate
functjonal margin exists between valve-operating re-
quirenents and the available actuator output capability
to satjisfy the acceptance criteria per AOV-2.4.1.

(b)|In addition to meeting the acceptance criteria, the
performance assessment test interval shall be set such
that pn adequate functional margin shall exist to
provigle reasonable assurance that changes in AOV-oper-
ating fharacteristics over time do not result in reaching a
point|at which the acceptance criteria are not satisfied
befor¢ the next scheduled test activity.

(c) | Testing shall be sufficient to assess changesiin AOV
functional margin consistent with (a). Thesetests shall be
condycted under conditions as near as practicable to those
expedted during subsequent Inservice.testing.

(d)|If insufficient test data exist from an applicable AOV
or AQV group to determine the performance assessment
test interval in accordance with {(a), then performance
assesfgment testing shall be.conducted every 6 yr until
suffidient data exist, ftom an AOV or AOV group, to
justify a longer insepvice test interval.

(e) |If maintenarice activities are scheduled concurrent
with gn AOV’s periodic performance assessment test, then
the pgrformance’assessment test shall be conducted prior
to the maihtenance activity, where practicable. See
AOV-2.1:3.for guidance on the effects of AOV replacement,

physically modified, or the system is moJified in a
manner that invalidates the evaluation.
(g) The periodic performance assessment test interval
shall not exceed 10 yr for each AOV!
(h) Any abnormality or erratie:action shall b¢ recorded
(AOV-4), and an evaluation shall be made regprding the
need for corrective action:
(i) The Owner shall décument an evaluation ¢fthe need
for more frequent perfermance assessment festing for
AOVs in any of thé following categories:
(1) AOVs,with severe service conditions
ture, radiation,\fluid process, etc.)
(2) AOVs with any abnormal characteris
ating, design, or maintenance conditions)
(3)”"A0Vs with low margin according to the Owner’s
program

(tempera-

ics (oper-

Methods

(a) Performance Assessment Test Prereqyisites. All
testing shall be conducted in accordance with [plant-spe-
cific technical specifications, installation detdjils, accep-
tance criteria, and maintenance, survfeillance,
operation, or other applicable procedures.

(b) Performance Assessment Test Conditions. Perfor-
mance assessment test conditions shall be syfficient to
determine the AOV’s functional margin per
AQOV-2.3.1(a). Test conditions shall be recprded for
each test per AOV-4.

(c) Limits and Precautions. Performance agsessment
testing limits and precautions include the follpwing:

(1) Manufacturer or vendor limits and pfecautions
associated with the AOV and with the test equipment shall
be incorporated into limits and precautions finder this
Section.

(2) Plant-specific operational precautiohs, design
precautions, operational limits, and design limits shall

AOV-2.3.2 Performance Assessment Test

repail; modification, or maitemance:

(f) For AOVs that operate in the course of plant opera-
tion, periodic performance assessment testing may be
satisfied by the following, provided that:

(1) The conditions during exercise of the AOV meet
or exceed the worst-case licensed design operating condi-
tions.

(2) The required observations are made and
analyzed during such operation and recorded in the
plant record.
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be followed. Items shall include, but are not limited to,
water hammer and intersystem relationships.

(3) The benefits of performing a particular test
should be balanced against the potential increase in
risk for damage caused to the AOV by the particular
testing performed.

AOV-2.3.3 Performance Assessment Test Parame-
ters. Sufficient performance assessment test parameters
shall be selected for measurement to meet the require-
ments of AOV-2.4.
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AOV-2.4 Performance Assessment Test Analysis
and Evaluation

AOV-2.4.1 Performance Assessment Test Criteria

(a) Acceptance criteria shall be established for appli-
cable AOVs within the scope of this Section. Applicable test
parameters (as defined in Section GL) shall be used. In-
strumentation and test equipmentaccuracy shall be incor-
porated in accordance with AOV-2.2 when establishing the

ASME OM-2-2024

testing to demonstrate that the AOV can perform its speci-
fied functions until the next scheduled test.

AOV-2.5 Stroke Test and Fail-Safe Test
AOV-2.5.1 Stroke Test Reference Values

(a) Stroke test reference values shall be determined
from the results of baseline testing. These tests shall
be performed under conditions as near as practicable
to those expected during subsequent inservice testing.

'S 14+ H
carCC—CreCttar

test acce

(b) Acceptance criteria shall be reviewed and updated,
as requirgd, if an AOV application is changed, the AOV is
physicallyjmodified, or the system is modified in a manner
that invalldates the acceptance criteria.

AOV-2
Analysis

4.2 Performance Assessment Test Data

(a) Datp obtained from a test required by this Section
shall be analyzed to determine if the AOV performance is
acceptablg¢. The Owner shall determine which methods are
suitable fqr analyzing necessary parameters for each AOV
and provide the necessary instructions for performance of
the analydes.

(b) Whenever data are analyzed, all relevant operating
and test cpnditions shall be evaluated.

(c) ThelOwner shall compare performance test data to
the accepfance criteria.

(d) Performance assessment test data analysis shall
include a fjualitative review to identify anomalous beha-
vior. If indications of anomalous behavior are identified;
the cause pf the behavior shall be analyzed and corrective
actions cpmpleted, if required, in accordance\with
AOV-2.4.4

AOV-2/4.3 Performance Assessment Test Data
Evaluatiop

(a) Thg Owner shall determiné which methods are
suitable for evaluating perforimance assessment test
data for epch AOV and application.

(b) Theg Owner shall develop procedural guidelines to
establish the methods™and timing for evaluating AOV
performance assessment test data.

(c) Where periodie performance assessment testing is
being performed;-evaluations shall determine the loss of
functionallmargin that occurred over time and shall eval-
uate the i i b
to establish appropriate intervals for future performance
assessment test activities.

AOV-2.4.4 Performance Assessment Test Corrective
Action. If the AOV performance is unacceptable, as estab-
lished in AOV-2.4.2, operational readiness is not verified,
and corrective action shall be taken in accordance with the
Owner’s corrective action requirements. Prior to
returning the AOV to an operationally ready condition,
corrective action shall be completed with performance
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(b) Reference values shall be established only whrlan the
valve is known to be operating acceptably. If the particular
parameter being measured can be significantly-influpnced
by other related conditions, then these conditions shall be
analyzed.

AOV-2.5.2 Establishment of Additional Set of
vice Stroke Test Reference Values. If it is necessary or
desirable for some reason, gther than stated in AOV}2.1.3,
to establish additional streke test reference valups, an
inservice stroke test shall first be performed at the ¢ondi-
tions of an existingSet of reference values, or at the ¢ondi-
tions for which the new reference values are required, and
the results analyzed. If operation is acceptable in ficcor-
dance with the applicable requirements of AOV-2.5(4 and
AOV-2.5,6,a'second test shall be performed under thie new
conditions as soon as practicable. The results of the spcond
test shall establish the additional reference values. yVhen-
ever additional reference values are established, thg basis
shall be justified and documented in the record of tests
(see AOV-4).

nser-

AOV-2.5.3 AOV Stroke Testing

(a) Stroke testing shall be performed on each AOV
quarterly.

(b) Stroke testingincludes stroke time measuremlentas
follows:

(1) The limiting value or values of full-stroke t
each valve shall be specified by the Owner.

(2) The stroke time of all valves shall be measu
at least, the nearest second.

(3) Any abnormality or erratic action sh
recorded (see AOV-4), and an evaluation shall be
regarding the need for corrective action.

(c) Stroke testing shall be performed prior to perfor-
mance assessment testing when these tests are schegduled

me of
red to,

hll be
made

(d) Remote position-indicating lights may be used for
quarterly stroke testing with verification of position veri-
fication lights performed under separate requirements
and interval specified in this Code.

AOV-2.5.4 Stroke Test Acceptance Criteria. Test
results shall be compared to the reference values estab-
lished in accordance with AOV-2.1.3, AOV-2.5.2, and
AOV-2.5.3.
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(a) Valves with reference stroke times of greater than
10 sec shall exhibit no more than +25% change in stroke
time when compared to the reference value.

(b) Valves with reference stroke times of less than or
equal to 10 sec shall exhibit no more than +50% change in
stroke time when compared to the reference value.

(c) Valves that stroke in less than 2 sec may be
exempted from (b). In such cases, the maximum limiting
stroke time shall be 2 sec.

Section AOV, Air-Operated Valves

readiness is not verified, and corrective action shall be
taken in accordance with the Owner’s corrective action
requirements. Prior to returning the AOV to an operation-
ally ready condition, corrective action shall be completed
with diagnostic testing to demonstrate that the AOV can
perform its specified functions until the next scheduled
test.

AOV-4 RECORDS AND TEST PLANS

AOV-2.5.5 Fail-Safe Test. All AOVs with fail-safe
actuagors, within the scope of this Code, shall have a
fail-sdfe test performed in accordance with the interval
in AQV-2.5.3(a). The fail-safe test shall verify the valve
exerc]ses to the safe position upon loss of valve actuating
power.

AOVY-2.5.6 Stroke Test and Fail-Safe Action

(a)| If a valve fails to exhibit the required change of
obturptor position or exceeds the limiting values of full
stroke time [see AOV-2.5.3(b)(1)], the valve’s operational
readipess is not verified, and corrective action shall be
taken|in accordance with the Owner’s corrective action
requirement..

(b)| Valves with measured stroke times that do not meet
the adceptance criteria of AOV-2.5.4 shall be immediately
retestied, or the valve’s operational readiness is not veri-
fied, dnd corrective action shall be taken in accordance
with the Owner’s corrective action requirement.

(c)|If the second set of data meets the acceptance
criterfa, the cause of the initial deviation shall be analyzed
and the results documented in the record of tests (see
AOV-4).

(d)| If a valve fails to meet the acceptance criteria, the
valve's operational readiness is not verified, and correc-
tive aftion shall be taken in accordance 'with the Owner’s
corrective action requirements.)The valve shall be
repaired or replaced or the data analyzed to determine
the cquse of the deviation.-The repaired valve, evaluated
valve| or replacement valve’shall be demonstrated to be
operating acceptably/prior to placing the valve in an oper-
ationally ready condition.

(e)] Valves determined to be acceptable based on
analypis shall have the results of the analysis recorded
in thg record of tests (see AOV-4).

(f) |See-AOV-2.1.3 for requirements regarding the

AOV-4.1 AOV Records

The Owner shall maintain arecord that'shall include the
following:

(a) records as required by Section 'GR and this Section

(b) documentation showingthat legacy AOY program
activities met requirements/within this Section| if used to
satisfy AOV-2.3.1

(c) documentation-of engineering evalufation per
AOV-2.3.1(f)

(d) any abnormal or erratic action in accord
AOV-2.3.1 and AOV-2.5.3

(e) documentation of engineering evaluatio
cable per AOV-2.1.3

(f).. decumentation of performance assessment test
acceptance criteria per AOV-2.4.1

{g) summary of analysis, evaluation, and functional
margin required per AOV-2.4.2, AOV-2.4.3, AOV-2.5.4,
and AOV-2.5.6

ance with

h as appli-

AOV-4.2 Record of Tests

The Owner shall maintain a record of test
shall include the following:

(a) testplansasrequired by Section GR and this Section

(b) values of test data, parameters, and information
established by AOV-2.3.2

(c) performance assessment test methods gnd condi-
tions, described in AOV-2.3.2, including desdription of
valve lineups, process equipment, and type of test

plans that

AOV-4.3 Record of Corrective Action
See AOV-3.

AOV-4.4 Test Plans

(a) Approved plant documents shall be established for

returirof arepaired T TEPIACEMETTt valve to amr operation=
ally ready condition.

AOV-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as specified in
GR-3 and this Section. If the AOV performance is unaccept-
able, as established in this Section, the AOV’s operational
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attperformmarceassessmenttestsspecifredimrthis Section
and shall provide the following:

(1) methodical, repeatable, and consistent perfor-
mance testing

(2) collection of performance assessment data
required to analyze and evaluate the AOV functional
margininaccordance with AOV-2.3.1(a), where applicable
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Section CV
Check Valves

CV-1 INTRODUCTION

Check Vfalves (CVs) within the scope of this Code shall
meet the requirements specified in Section GR and this
Section.

CV-2 INSERVICE TESTING REQUIREMENTS

CV-2.1 General Requirements

CV-2.1.1 Baseline Testing

(a) Each valve shall be tested in accordance with the
provisiong in this Section prior to the initial IST interval as
required Wy this Section. Testing that meets the require-
ments of this Code but was performed before implemen-
tation of this Code may be used. A baseline test of each
valve shall be conducted within 1 yr of the initial IST.

(b) Any valve that has undergone maintenance that
could affect its performance after the baseline test
shall be tg¢sted in accordance with CV-2.1.4.

CV-2.1.2 Inservice Testing. Inservice testing in accor-
dance with this Section shall commence when the valve is
needed to be capable of performing its specified functions.

Cv-2.1.

Cv-2
from the
from the
results of]

B Reference Values

1.3.1 Reference values shall-be determined
results of baseline testing; including data
QME-1 Qualificatiom\Reéport or from the
inservice testing. Reference values for check
valves depend on the testifeatures of the valve. If the
valve has pn actuator to.move the obturator, a reference
value woulld be the force.or torque required. If IST is to be
performed by thesuse of flow, the flowrate required to
open the yalve would be its reference value.

CV-2{1:3,2” Reference values shall be established

it is returned to service or immediately if not fterhoved
from service. This test is to demonstrate that perfermance
parameters that could be affected by the‘neplacement,
repair, or maintenance are within acceptable limits. Devia-
tions between the previous and new reference valuep shall
be identified and analyzed. Verification that th¢ new
values represent acceptable dperation shall be docu-
mented in the record of tests-[see CV-4(b)].

CV-2.1.5 Establishment-of Additional Set of Refer-
ence Values. If it is necessary or desirable for|some
reason, other than stated in CV-2.1.4, to establish|addi-
tional referencé.values, an inservice test shall fifst be
performed at thie conditions of an existing set of refgrence
values, or at'the conditions for which the new refdrence
values are required, and the results analyzed. If opefation
is aceéptable in accordance with the applicable refuire-
ments of CV-2.3.1, a second test shall be performed inder
the new conditions as soon as practicable. The restlts of
the second test shall establish the additional refdrence
values. Whenever additional reference values are gstab-
lished, the reasons for doing so shall be justified and|docu-
mented in the record of tests.

CV-2.1.6 Valve Inservice Testing Requirement$

(a) Exercising Test Interval. All CVs within the scppe of
this Code shall be full cycle exercised atleast once every 24
months, except as provided by (1), (2), and CV-2.3.

(1) Valves in Regular Use. Valves that operate fin the
course of plant operation at a frequency that would 4atisfy
the exercising requirements of this Section need ot be
additionally exercised, provided that the observations
otherwise required for testing are made and andlyzed
during such operation and recorded in the plant
record at intervals no greater than specified in (a).

(2) Valves Out of Service. For a valve that is put of

only wher
If the particular parameter being measured can be signif-
icantly influenced by other related conditions, then these
conditions shall be analyzed.

) 1 el FI | 4 balal
UIT vdIvVT IS RITUWIT LU UT UpPCT dLllls dalltpiduly.

CV-2.1.4 Effects of Valve Repair, Replacement, or
Maintenance on Reference Values. When a valve has
been replaced or repaired or has undergone maintenance
that could affect the valve’s performance, a new reference
value shall be determined or the previous value recon-
firmed by an inservice test performed before the time
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service theexereising test scheduleneednotbefottowed.
Before placing the valve in service, the valve shall meet the
requirements of this Section.

(b) Position Verification Testing. Valves with remote
position indicators shall be observed at least once every
5 yr to verify that valve operation is accurately indicated
by indications such as use of flow meters or other suitable
instrumentation to verify obturator position.

(c) Leak Testing Requirements. Seat leakage testing
shall be in accordance with Section VLT.
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CV-2.2 Instrumentation and Test Equipment
Instrumentation and test equipment accuracy shall be

included when establishing valve test acceptance criteria.

CV-2.3 Specific Inservice Testing Requirements
CV-2.3.1 Check Valve Obturator Movement

(a) The necessary valve obturator movement during
exercise testing shall be demonstrated by performing

Section CV, Check Valves

a valve or valve group is discontinued, then the require-
ments of CV-2.1.2 through CV-2.3.2 shall apply.

CV-2.4 Check Valve Condition-Monitoring
Program

CV-2.4.1 Purpose. This section establishes the require-
ments for implementing and maintaining a check valve
condition-monitoring program.

i

both M open and a close test. €¥=24.2—Groupings
(b)| For those valves with an external lever or piston to CV-2.4.2.1 Groupings shall be deterin
open fhe valve, the force or forces, or torque or torques,

required to move the obturator and pass the design
requifed flow rate shall meet the acceptance criteria justi-
fied by the Owner.

NOTE{The force or forces, or torque or torques, required to move
the obfurator and fulfill its specified function shall be evaluated
to detect abnormality or erratic action for corrective action.

(c)|For valves that are to be opened using flow, the
refer¢nce flow rate shall be that flowrate determined
during qualification and reported in the QME-1 Qualifica-
tion Report that is required.

(d)| Exercise test or tests shall detect a missing
obturptor, sticking (closed or open), binding (throughout
obturptor movement), and the loss or movement of any
weight or weights.

(e) | Acceptance criteria shall include the specific design,
applidation, data from the required QME-1 Qualification
Repoft, and historical performance.

(f) |As an alternative to detect a missing obturator orthe
loss ¢r movement of any weight or weights using a
mechfanical exerciser, other positive méans may be
used [e.g., seat leakage tests and visual oebservations to
detect obturator loss and the loss or mevement of external
weight or weights, respectively).

CV12.3.2 Corrective Action:If a valve fails to exhibit
the r¢quired change of obtunhator position, the valve’s
operdtional readiness j§ not verified, and corrective
action shall be taken‘invaccordance with the Owner’s
correftive action requirements. A retest showing accept-
able performance-shall be performed following any
requifed corréetive action before the valve is returned
to an|operationally ready condition.

CV12:3:3" Condition-Monitoring Program Alternative.

ed by the
Owner. Groupings shall be technically’justified and
shall be based on

(a) the intended purpose of theé\tondition-monitoring
program (e.g., improve perfonfnance or optimige testing,
examination, and preventive maintenance actjvities)

(b) analysis of test results and maintenance¢ history

(c) design characteristics, application, arjd service
conditions

CV-2.4.2.2, The Owner shall assess the significance
to plant safetyyif an extended test or examinati¢n interval
is planneds

CV.-2:4.3 Analysis. The Owner shall pgrform an
analysis of the test and maintenance history |of a valve
or.group of valves in order to establish the basig for speci-
fying inservice testing, examination, and prevertive main-
tenance activities. The analysis shall include theffollowing:

(a) ldentify any common failure or maintenance
patterns.

(b) Analyze the following patterns to determine their
significance and identify potential failure mechanisms:

(1) determine whether certain preventiye mainte-
nance activities would mitigate the failure or mgintenance
patterns

(2) determine whether certain conditjon-moni-
toring tests, such as nonintrusive testing, aije feasible
and effective in monitoring for these failure mgchanisms

(3) determine whether periodic disassgmbly and
examination activities would be effective in monitoring
for these failure mechanisms

(4) determine whether changes in the va
ings are required

ve group-

CV-2.4.4 Condition-Monitoring Activities. Valve
obturator movement during applicable test 011 examina-

As an-alternative to the testing or examination require-
ments of CV-2.1.2 through CV-2.3.2, the Owner may estab-
lish a condition-monitoring program. The purpose of this
program is both to improve valve performance and opti-
mize testing, examination, and preventive maintenance
activities in order to maintain the continued acceptable
performance of a select group of valves. The Owner
may implement this program on a valve or a group of
similar valves. If the condition-monitoring program for
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tion activities shall be sufficient to determine the bidirec-
tional functionality of the moving parts.
(a) Performance Improvement Activities
(1) Ifsufficientinformationis not currently available
to complete the analysis required in CV-2.4.3, or if this
analysis is inconclusive, then the following activities
shall be performed at sufficient intervals over an
interim period of the next 5 yr to determine the cause
of the failure or the maintenance patterns:
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(-a) ldentify interim tests (e.g., nonintrusive tests)
to assess the performance of the valve or the group of
valves.

(-b) ldentify interim examinations to evaluate
potential degradation mechanisms.

(-c) ldentify other types of analysis that will be
performed to assess valve condition.

(-d) ldentify which of these activities will be
performed on each valve in the group.

ASME OM-2-2024

and evaluation of generic and plant-specific performance
data. Trending and evaluation shall be used to support the
conclusion that the valve or group of valves is capable of
performing its intended function or functions over the
entire interval. At least one of the identified activities
for a valve group shall be performed on each valve of
the group at approximately equal intervals not to
exceed the maximum interval shown in Table CV-2.4.4-1.

(-f) Interval extensions shall be limited to 2 yr per

(e
(2) ldlentify trendable attribute or attributes that will
be trended and evaluated. Trending and evaluation of
existing data must be used as the basis to reduce or
extend th¢ time interval between tests or examinations.
(3) Qomplete or revise the condition-monitoring
program |test plans (see CV-2.4.7) to document the
valve prdgram performance improvement activities
and their jassociated intervals.
(4) Perform these activities at their associated inter-
vals until
(-a
adequate
(-b
(5) A
through (

]r‘nnfify the interval of each ar‘h'vify

sufficientinformation is obtained to permit an
pvaluation of the specific application or

until the end of the interim period
fter completion of the requirements in (1)
1), review those attributes that were selected
for trend|ng, along with the results of each activity,
and trends to determine whether any changes to the
performajnce improvement program are required. If
needed based on the results of the last scheduled test
or examirjation, the program shall be revised in accory
dance with the site corrective action program prior to
the performance of any activity on the next valye'in
the group, and applicable requirements of (CV*2.4.2
through (V-2.4.4 shall be repeated.

(b) Optimization of Condition-Monitoring-Activities

(1) I sufficient information is available to assess the

performance adequacy of the valve or the group of valves,
then the fpllowing activities shall\be’performed:

(-a) ldentify the applicable preventive mainte-
nance actlivities, including ‘theéir associated intervals
that are rpquired to maintain the continued acceptable
performance of the valve or group of valves.

(-b) Identify the applicable examination activities,
including [their aSso€iated intervals that will be used to
periodicglly(assess the condition of each valve or
group of yalves.

extension—All valves in 3 grgup-sampling plan-must be
=] ) o ) o 5P

tested or examined again, before the intervaliycpn be
extended again, or until the extension exceeds the
maximum interval.

(-g) Intervals shall not exceed the maximum
vals shown in Table CV-2.4.4-1.

(2) ldentify attributes that will be trended. Tregnding
and evaluation of existing data.must be used to redyice or
extend the time interval between tests or examindtions.

(3) Revise the test plans’(see CV-2.4.7) to dociment
the optimized conditién-monitoring program actjvities
and the associated,intervals of each activity.

(4) Performrthiese activities at their associated
vals.

(5) Aftex completion of the requirements |n (1)
through (4); review those attributes that were selected
for trending, along with the results of each activitly and
trendsto determine whether any changes to the optimized
program arerequired. [f needed based on the resultsjof the
last scheduled test or examination, the program sHall be
revised in accordance with the site corrective gction
program prior to the performance of any activity on
the next valve in the group, and applicable requirenents
of CV-2.4.2 through CV-2.4.4 shall be repeated.

inter-

inter-

CV-2.4.5 Changes to IST intervals must evaluatq plant
safety and be supported by trending and evaluating both
generic and plant-specific performance data to ensufre the
component is capable of performing its intended function
or functions over the entire interval.

Table CV-2.4.4-1
Maximum Intervals for Use When
Applying Internal Extensions

Maximum Integval
Between Activitips of

Maximum Interval
Between Activities of

(-c) Tdentify the applicable test activities, Group Member Valves in the Each Valve in the Groups,
including their associated intervals that will be used to Size Groups, yr [Note (1)] yr
periodically verify the acceptable performance of each 24 4.5 16
valve or group of valves. 3 4.5 12

(-d) ldentify which of these activities will be 2 6.0 12
performed on each valve in the group. 1 N/A 10

(-e) Identify the interval of each activity. Initial
intervals shall be established using (b), provided that
the condition-monitoring test and examination intervals
evaluate plant safety and are supported by the trending
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NOTE: (1) These intervals shall not exceed intervals imposed by
other station programs where activities are credited for meeting
the requirements of condition monitoring (e.g., Containment
Leakage Rate Testing Program).
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CV-2.4.6 Condition-Monitoring Corrective Mainte-
nance. If check valve condition-monitoring results or
performance is unacceptable, corrective action shall be
taken in accordance with the Owner’s corrective action
requirements. Prior to returning the valve to an operation-
ally ready condition, corrective action shall be completed
with performance testing to demonstrate that the valve
can perform its specified functions until the next sched-
uled test or monitoring activity. If corrective maintenance

is per formed-on-a \YQ]‘ID’ the nnq]ycic used-toformulatethe

Section CV, Check Valves

CV-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as specified in
GR-3 and this subsection. If the valve performance is un-
acceptable, as established in this Section, the valve’s
operational readiness is not verified, and corrective
action shall be taken in accordance with the Owner’s
corrective action requirements. Prior to returning the
valve to an operationally ready condition, corrective
action shall be completed with testing to demonstrate

basis pf the condition-monitoring activities for that valve
and its associated valve group shall be reviewed to deter-
mine |whether any changes are required. If significant
changes are required, the program shall be revised,
and the applicable requirements of CV-2.4.2 through
CV-2.4.4 shall be repeated.

CV12.4.7 Condition-Monitoring Documentation. The
condition-monitoring program shall be documented
and shall include the following information:

(a)|list of valves in the program

(b)|list of valves in each valve group

(c)|dates valves were added and/or deleted to the
progrpm and the reason for their inclusion and/or dele-
tion

(d)| analysis forming the basis for the program

(e)|identified failure or maintenance history patterns
for edch valve

(f) |condition-monitoring program activities, including
the trjended attributes and the bases for the associated
intervals for each valve or valve group

that the valve can perform its specified functions until
the next scheduled test.

CV-4 RECORDS

Valve records shall be maintained in accordance with
GR-4 and as specified in this Section.
(a) Valve Records. The Qwner shall maintaip a record
that shall include the fellowing for each valve dovered by
this Section:
(1) the manufacturer and manufacturer’s
serial or other unique identification number
(2) acdpyor summary of the manufactur
tance test\wreport if available
(3)>baseline test results

(b)“Record of Tests. See GR-4.3 and as specified in this
Section.

(c) Record of Corrective Action. See GR-4.4 and as speci-
fied in this Section.

(d) Test Plans. In addition to the requir
GR-2.3.2, the Owner shall maintain a reco
plans that shall include details and bases off
sample disassembly examination progranm
grouping characteristics and frequencies.

model and

br’s accep-

ements of
rd of test
the valve
, such as
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Section HOV
Hydraulically Operated Valves

HOV-1 INTRODUCTION

Hydraulically operated valves (HOVs) within the scope
of this Cdde shall meet the requirements specified in
Section GR and this Section.

HOV-2 INSERVICE TESTING REQUIREMENTS

HOV-2.1|General Requirements
HOV-2.]1.1 Baseline Testing

(a) Eadh HOV shall be tested prior to the initial IST
interval ap required by this Section. Testing that meets
the requirements of this Code but was performed
before implementation of this Code may be used. A base-
line test of each valve shall be conducted within 1 yr of the
initial IST

(b) Eagh of the following baseline tests shall be
performed for each HOV:

(1) performance assessment test

(2) stroke test

(3) fjil-safe test, as applicable

(4) lgak testing, as applicable

(5) dosition verification testing for valwves with
remote pgsition indicators

(c) Any HOV that has undergone maintenance that
could affect its performance after(the baseline test
shall be t¢sted in accordance with"HOV-2.1.2. Inservice
testing shall commence when the HOV is relied on to
be availaljle to perform its specified functions.

HOV-2.1.2 Inservice Testing. Inservice testing shall
commence when the (HOV is needed to be capable of
performing its speeified functions. Each of the following
tests shall be performed for each HOV:

(a) performianice assessment test

(b) strqketest

performed shall be evaluated along with the résylts of
post-replacement, repair, modification, and maintepance
testing to determine if new inservice tést ,valug¢s are
warranted before the HOV is returned td service.|If the
HOV was not removed from service, inservicg test
values shall be immediately determinhed or confifmed.
This testing is intended to demonstrate that test ppram-
eters, which could be affected:by the replacement, fjepair,
modification, or maintenance, are within acceptable
limits. The Owner’s program shall define the leyel of
testing required priof.to and after replacement, rjepair,
modification, or,mdintenance activities. Other attriputes,
such as functipnhal margin, shall be evaluated when
defining thellevel of testing required prior to and after
replacement; repair, modification, or maintenance |activ-
ities, where the basis is properly justified and documlented
by ahlengineering evaluation. Deviations betwegn the
previous and new inservice test values shall be identified
and analyzed. Verification that the new inservice test
values represent acceptable operation shall be docu-
mented as described in HOV-4.

HOV-2.1.4 HOV Inservice Testing Requirements.
Inservice testing shall be performed on each HOV as gpeci-
fied in this Section.

(a) Valve Obturator Movement. The necessary|valve
obturator movement shall be determined by exerrcising
the valve while observing an appropriate indigator,
such as indicating lights that signal the reqpired
changes of obturator position, or by observing |other
evidence, such as changes in system pressure| flow
rate, level, or temperature, that reflects changes of
obturator position.

(b) HOVs in Regular Use. HOVs that operate jn the
course of plant operation at a frequency that yould
satisfy the exercising requirements of this Section need
not he additionally exercised, provided that the ohserva-

(c) fail-safe test, as applicable

(d) leak testing, as applicable

(e) position verification testing for valves with remote
position indicators

HOV-2.1.3 Effect of HOV Replacement, Repair, Modi-
fication, or Maintenance. When an HOV is replaced,
repaired, modified, or undergoes maintenance that
could affect the valve’s performance, new inservice test
values shall be determined. The previously established
inservice test values shall be reconfirmed, or the activities

tions otherwise required for testing are made and
analyzed during such operation and recorded in the
plant record at intervals no greater than specified in
HOV-2.4.3(a).

(c) HOVs Out of Service. For a HOV that is out of service,
the exercising test schedule need not be followed. Before
placing the valve in service, the valve shall meet the re-
quirements of this Section.
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(d) Position Verification Testing. HOVs with remote
position indicators shall be observed at least once
every 5 yr to verify that valve operation is accurately indi-
cated by indications such as use of flow meters or other
suitable instrumentation to verify obturator position.

HOV-2.1.5 Instrumentation and Test Equipment. In-
strumentation and test equipment accuracy shall be
applied when establishing HOV test acceptance criteria
(see GR-2.4).

Section HOV, Hydraulically Operated Valves

(3) The observation is performed at least once every
24 months.

(4) The valve exhibits the required change in
obturator position.

(5) A stroke test can be performed quarterly.

(6) Credit may be taken for operation at less than
design conditions with proper justification. The basis
shall be documented by engineering evaluation. The engi-
neering evaluation shall be reviewed and updated, as

HOV12.2 Specific Inservice Testing Requirements

HON-2.2.1 Performance Assessment Testing. Perfor-
mancg assessment testing shall be performed to assess the
functional margin. An initial performance assessment test
shall he performed to assess the functional margin of each
HOV prior to reliance on its capability to perform the
specified functions. A baseline performance assessment
test npay be used to meet this requirement.

(a)| The interval for periodic performance assessment
tests phall be determined to demonstrate that adequate
functfonal margin exists between valve-operating re-
quirements and the available actuator output capability
to satlisfy the acceptance criteria per HOV-2.3.1.

(b)|In addition to meeting the acceptance criteria, the
perfofmance assessment test interval shall be set such
that pn adequate functional margin shall exist to
provigle reasonable assurance that changes in HOV-oper-
ating characteristics over time do not result in reaching,a
pointfat which the acceptance criteria are not satisfied
beforg¢ the next scheduled test activity.

(c) | Testing shall be sufficient to assess changésin HOV
functional margin consistent with (a). Thesetests shall be
condycted under conditions as near as practicable to those
expedted during subsequent inservice-testing.

(d)| If insufficient test data exist from an applicable HOV
or HQV group to determine the performance assessment
test ipterval in accordance with (a), then performance
assesfment testing shall be-conducted every 6 yr until
suffigient data exist, ffom an HOV or HOV group, to
justify a longer inserVice test interval.

(e) |If maintenance activities are scheduled concurrent
with gn HOV’s périodic performance assessment test, then
the pgrformange’assessment test shall be conducted prior
to the maintenance activity, where practicable. See
HOV-2.1.3for guidance on the effects of HOV replacement,

required, if an HOV application is changed, the HOV is
physically modified, or the system is mod[ified in a
manner that invalidates the evaluation.

(g) The periodic performance assessment test interval
shall not exceed 10 yr for each HOV.

(h) Any abnormality or erratieaction shall b
[see HOV-4(d)], and an evaluation shall be made|
the need for corrective action.

(i) The Owner shall décument an evaluation ¢fthe need
for more frequent perfermance assessment festing for
HOVs in any of the following categories:

(1) HOVs,with severe service conditions
ture, radiation,\fluid process, etc.)

(2) HOVS with any abnormal characteris
ating, design, or maintenance conditions)

(3)'HOVs with low margin according to the Owner’s
program

e recorded
regarding

(tempera-

ics (oper-

Methods

HOV-2.2.3 Performance Assessment Test|Prerequi-
sites. All testing shall be conducted in accordance with
plant-specific technical specifications, ingtallation
details, acceptance criteria, and maintenancg, surveil-
lance, operation, or other applicable procedures.

HOV-2.2.2 Performance Assessment Test

HOV-2.2.4 Performance Assessment Test Condi-
tions. Performance assessment test conditior}s shall be
sufficient to determine the HOV’s functionpl margin
per HOV-2.2.1(a). Test conditions shall be re¢orded for
each test per HOV-4(d).

HOV-2.2.5 Limits and Precautions. Performance
assessment testing limits and precautions irjclude the
following:

(a) Manufacturer or vendor limits and piecautions
associated with the HOV and testequipment shajl be incor-
porated into limits and precautions under thif Section.

(b) Plant-specific operational precautions, design

repair, modification, or maintenance.

(f) For HOVs that operate in the course of plant opera-
tion, periodic performance assessment testing may be
satisfied by the following, provided that:

(1) The conditions during exercise of the HOV meet
or exceed the worst-case operating conditions.

(2) The required observations are made and
analyzed during such operation and recorded in the
plant records.
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precautions, operational limits, and design limits shall
be followed. Items shall include, but are not limited to,
water hammer and intersystem relationships.

(c) The benefits of performing a particular test should
be balanced against the potential increase in risk for
damage caused to the HOV by the particular testing
performed.
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HOV-2.2.6 Performance Assessment Test Parame-
ters. Sufficient performance assessment test parameters
shall be selected for measurement to meet the require-
ments of HOV-2.3.

HOV-2.3 Performance Assessment Test
Analysis and Evaluation

HOV-2.3.1 Performance Assessment Test Criteria
(a) Acc

ptance criteria shall he established for appli-

ASME OM-2-2024

HOV-2.3.4 Performance Assessment Test Corrective
Action. If the HOV performance is unacceptable, as estab-
lished in HOV-2.3.2, operational readiness is not verified,
and corrective action shall be taken in accordance with the
Owner’s corrective action requirements. Prior to
returning the HOV to an operationally ready condition,
corrective action shall be completed with performance
testing to demonstrate that the HOV can perform its speci-
fied functions until the next scheduled test.

cable HOVf within the scope of this Section. Applicable test
parameters (as defined in Section GL) shall be used. In-
strumentdtion and test equipment accuracy shall be incor-
porated inf accordance with GR-2.4 when establishing the
test accepftance criteria.

(b) Accpptance criteria shall be reviewed and updated,
as requiregd, if an HOV application is changed, the HOV is
physicallyimodified, or the system is modified in a manner
that invalldates the acceptance criteria.

HOV-2
Analysis

3.2 Performance Assessment Test Data

(a) Dath obtained from a test required by this Section
shall be analyzed to determine if the HOV performance is
acceptablg¢. The Owner shall determine which methods are
suitable fqr analyzing necessary parameters for each HOV
and provide the necessary instructions for performance of
the analydes.

(b) Whenever data are analyzed, all relevant operating
and test cpnditions shall be evaluated.

(c) The|Owner shall compare performance test data to
the acceptance criteria.

(d) Performance assessment test data analysis shall
include a fjualitative review to identify anomalous beha-
vior. If indications of anomalous behavior are identified,
the cause of the behavior shall be analyzed/and corrective
actions cpmpleted, if required, in accordance with
HOV-2.3.4

HOV-2{3.3 Performance Assessment Test Data
Evaluatioh

(a) The Owner shall-determine which methods are
suitable for evaldating performance assessment test
data for epch HQY and application.

(b) Thd Qwner shall develop procedural guidelines to
establish the methods and timing for evaluating HOV

HOV-2.4 Stroke Test and Fail-Safe Test
HOV-2.4.1 Stroke Test Reference Values

(a) Stroke test reference values shall be deterinined
from the results of baseline testing.\These tests| shall
be performed under conditions ds near as practjcable
to those expected during subsequent inservice tedting.

(b) Reference values shallbeestablished only when the
valve is known to be operating acceptably. If the particular
parameter being measured can be significantly influpnced
by other related conditions, then these conditions shall be
analyzed.

HOV-2.4.2 ‘Establishment of Additional Set of
vice Stroke Test Reference Values. If it is necessary or
desirable for some reason, other than stated in HOV12.1.3,
to establish additional stroke test reference valups, an
inservice stroke test shall first be performed at the ¢ondi-
tions of an existing set of reference values, or at the ¢ondi-
tions for which the new reference values are required, and
the results analyzed. If operation is acceptable in fccor-
dance with the applicable requirements of HOV-2.4(4 and
HOV-2.4.6,a second test shall be performed under thie new
conditions as soon as practicable. The results of the spcond
test shall establish the additional reference values. yVhen-
ever additional reference values are established, thg basis
shall be justified and documented in the record of tests
[see HOV-4(b)].

nser-

HOV-2.4.3 HOV Stroke Testing

(a) Stroke testing shall be performed on eac HOV
quarterly.
(b) Stroke testingincludes stroke time measuremlentas

follows:
(1) The limiting value or values of full-stroke t

each valve shall be specified by the Owner.

me of

red to,

performance assessment test data.

(c) Where periodic performance assessment testing is
being performed, evaluations shall determine the loss of
functional margin that occurred over time and shall eval-
uate the influence of past maintenance and test activities
to establish appropriate frequencies for future perfor-
mance assessment test activities.
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{2} Thestroketimeofallvalvesshall bemeasy
at least, the nearest second.

(3) Any abnormality or erratic action shall be
recorded [see HOV-4(d)], and an evaluation shall be
made regarding the need for corrective action.

(c) Stroke testing shall be performed prior to perfor-
mance assessment testing when these tests are scheduled
concurrently.
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(d) Remote position-indicating lights may be used for
quarterly stroke testing with verification of position veri-
fication lights performed under separate requirements
and intervals specified in this Code.

HOV-2.4.4 Stroke Test Acceptance Criteria. Test
results shall be compared to the reference values estab-
lished in accordance with HOV-2.1.3, HOV-2.4.2, and
HOV-2.4.3.

(a) Valves with reference stroke times of greater than

Section HOV, Hydraulically Operated Valves

corrective actionrequirements. The valve may be repaired
or replaced or the data may be analyzed to determine the
cause of the deviation. The repaired valve, the evaluated
valve, or a replacement valve shall be shown to be oper-
ating acceptably prior to placing the valve in an operation-
ally ready condition.

(e) Valves determined to be acceptable based on
analysis shall have the results of the analysis recorded
in the record of tests [see HOV-4(c)].

— _ (] See HOV-2 1 3 for guidance on returning repaired
10 se¢ shall exhibit no more than +25% change in stroke i ° ) ° -
time fvhen compared to the reference value. or replacement valve to an operationally ready|condition.
(b)| Valves with reference stroke times of less than or
equaljto 10 sec shall exhibit no more than +50% change in HOV-3 CORRECTIVE ACTIONS
stroke time when compared to the reference value. Corrective actions shall be performed as specified in
(c)| Valves that stroke in less than 2 sec may be  GR-3 and this Section. If the HOV performance iunaccept-

exempted from the requirement in (b). In such cases,
the maximum limiting stroke time shall be 2 sec.

(d)| Instrumentation and test equipment accuracy shall
be in¢orporated in accordance with GR-2.4.

HOV-2.4.5 Fail-Safe Test. All HOVs with fail-safe
actuafors, within the scope of this Section, shall have a
fail-sgfe test performed in accordance with the interval
in HOV-2.4.3(a). The fail-safe test is performed by obser-
ving the operation of the actuator upon loss of valve-
actuating power.

HO
Actio

(a)| If a valve fails to exhibit the required change of
obturptor position or exceeds the limiting values_of full
strok¢ time [see HOV-2.4.3(b)(1)], the valve’s:operational
readipess is not verified, and corrective action shall be
taken|in accordance with the Owner’s«corrective action
requirements.

(b)| Valves with measured stroketimes that do not meet
the adceptance criteria of HOV-2.4.4 shall be immediately
retestled, or the valve’s openational readiness is not veri-
fied, dnd corrective action shall be taken in accordance
with the Owner’s corrective action requirements.

(c)|1f the second’set of data meets the acceptance
criterja, the cause:ofthe initial deviation shall be analyzed
and the results:documented in the record of tests [see
HOV-#(b)].

(d)|1If a-valve fails to meet the acceptance criteria, the
valvels operational readiness is not verified, and correc-

-2.4.6 Stroke Test and Fail-Safe Corrective

able, as established in this Section, the HOV’s operational
readiness is not verified, ‘and corrective action shall be
taken in accordance with'the Owner’s correcfive action
requirements. Prior te returning the HOV to an pperation-
ally ready condition; corrective action shall be fompleted
with diagnostie’testing to demonstrate that thg HOV can
perform its,specified functions until the next [scheduled
test.

HOV-4 RECORDS

(a) General. HOV records shall be maintainefl in accor-
dance with GR-4 and as specified in this Section.

(b) Valve Records. The Owner shall maintaip a record
that shall include the following for each valve dovered by
this Section:

(1) the manufacturer and manufacturer’s
serial or other unique identification number

(2) acopy or summary of the manufactur
tance test report, if available

(3) baseline test results

(4) limiting value of full stroke time sf
HOV-2.4.3(b)(1)

(c) Record of Tests. See GR-4.3 and as specified in this
Section.

(d) Record of Corrective Action. See GR-4.4 an[d as speci-
fied in this Section.

(e) Test Plans. See GR-2.3.2.

model and

br’s accep-

ecified in

tive action shall be taken in accordance with the Owner’s
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Section MOV
Motor-Operated Valves

MOV-1 INTRODUCTION

Motor-gperated valves (MOVs) within the scope of this
Code shall meet the requirements specified in Section GR
and this Section.

MOV-2 INSERVICE TESTING REQUIREMENTS

MOV-2.1

Baselin
ments:

(a) Each MOV shall be baseline tested within 1 yr before
implementing IST activities.

(b) Each of the following tests shall be performed for
each MOV| as part of the baseline activities:

(1) ekercise test

(2) fjil-safe test, as applicable

(3) dosition verification testing for valves with
remote pgsition indicators

(4) lgak testing, as applicable

(5) diagnostic test

(6) stroke time, as applicable

(c) Basgline tests shall be performed in accordance
with the requirements specified in the IST paragraphs
of this Se¢tion.

(d) Any MOV that has undergone repair, replacement,
or maintgnance, or experienced conditions that could
affect its performance following-the baseline activities,
shall be retested to demonstrate.its operational readiness
in prepardtion for reliance en\its capability to perform its
specified function. If qudlification of the MOV has been
undermingd, the MOV 'shall be requalified in accordance
with ASME QME-L1-as.accepted by the applicable regula-
tory authdrity, or'an-alternative method shall be reviewed
and apprgved_by the applicable regulatory authority.

Baseline Testing

e testing of MOV include the following require-

MOV-2.2

MOV-2.2.1 General. Inservice testing of MOVs include
the following requirements:

(a) Inservice testing in accordance with this Section
shall commence when the MOV is relied upon to be
capable of performing its specified functions.

(b) Each of the following IST activities shall be
performed for each MOV:

(1) exercise test
(2) fail-safe test, as applicable
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(3) position verification testing for valvies with
remote position indicators
(4) leak testing, as applicable
(5) diagnostic test
(c) Inservice tests shall be condueted in the as-found
condition.
(d) ForanMOV thatisoutofservice,the MOV shal] meet
the requirements of this_Section before the MOV is
returned to service.

MOV-2.2.2 MOV Exercise Test

MOV-2.2.2.1 Normal Exercising Requiremen
MOVs within the scope of this Code shall be full cycle
cised atleastonce every 24 months. Full cycle operatf
an MOV, as'a result of normal facility operations of
requirements, may be credited for an exercise of the
if documented.

s. All
exer-
ion of
Code
MOV,

MOV-2.2.2.2 Exercising Corrective Action. C
tive action requirements are specified in Secti
and this Section, including the following:

(a) If a valve fails to exhibit the required change of
obturator position during exercising, the valve’s gpera-
tional readiness is not verified, and corrective action
shall be taken in accordance with the Owner’s corrgction
action requirements.

(b) Valves with stroke-time limits or that rjeveal
abnormal performance that do not meet the exgrcise
acceptance criteria shall be immediately retestg¢d, or
the valve’s operational readiness is not verified, and
corrective action shall be taken in accordance with the
Owner’s corrective action requirements.

(c) If the second set of data meets the accepftance
criteria, the cause of the initial deviation shall be anglyzed
and the results documented in the record of tests

(d) Therequirements for maintenance, repair, replace-
ment-and-operating-experienceof M shaltbe-met as

brrec-
n GR

) aoP P v

specified in this Section.

MOV-2.2.3 MOV Fail-Safe Testing. Each MOV shall
undergo fail-safe testing with the exercise test where ap-
plicable to the MOV design.

MOV-2.2.4 MOV Position Verification Testing. For
MOVs with remote position indicators, primary remote
position indicators shall be verified for the MOV obturator
for both open and close positions with each exercise test.
MOV obturator position open and closed shall be verified
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during diagnostic testing conducted per MOV-2.2.6. If
MOV design and operation are not sufficient to verify
MOV obturator position open and closed during diagnostic
testing, MOVs with remote position indicators shall be
observed atleast once every 5 yr to verify that valve opera-
tion is accurately indicated by indications such as use of
flow meters or other suitable instrumentation to verify
obturator position.

MOV-2.2.5 MOV Leak Testing. MOV seat leakage

Section MOV, Motor-Operated Valves

(b) valve and actuator repeatability (e.g., torque switch
repeatability)
(c) analysis, evaluation, and extrapolation method

MOV-2.2.6.3 Analysis of Data. The analysis for MOV
test data shall meet the following requirements:
(a) Procedures shall specify the methods for analyzing
MOV test data.
(b) Data obtained from a test required by this Code
shall be analyzed to determine if the MOV performance

testing shall be performed in accordance with the
Sectign VLT.

MOV-2.2.6 MOV Diagnostic Testing. MOV diagnostic
testinjg shall be performed in accordance with the require-
ment§ in Section GR and this Section.

0V-2.2.6.1 Diagnostic Test Methods. Diagnostic
ethods shall meet the following requirements:

(a)| All testing shall be conducted in accordance with
facility-specific technical specifications, installation
details, acceptance criteria, and maintenance, surveil-
lance) operation, and other applicable procedures.

(b)| Test conditions shall be sufficient to determine the
MOV’s functional margin per this Section. Test conditions
shall pe recorded for each test per MOV-4.

(c)|Testing limits and precautions shall include the
following:

1) MOV exposure to dust, moisture, or other adverse
condifions shall be minimized when normally enclosed
compprtment covers are removed while performing tests.
() Manufacturer or vendor limits and precautions
assocfjated with the MOV and test equipment shall be
incorporated into the limits and precautions\under this
Sectipn, including the structural thrust-and torque
limits| of the MOV.

(B) Facility-specific operational™and design precau-
tions|and limits shall be followed, including, but not
limitgd to, potential water hammer impacts and inter-
system relationships.

(d)| Sufficient test pafameters shall be selected for
measfirement to meet the requirements of MOV-2.2.6.4
in defermining the-MOV functional margin.

test

0V-2.2,6,2 Diagnostic Test Acceptance Criteria.
The Qwner shall’establish documented methods to deter-
mine pccéptance criteria for the operational readiness of
each MOV within the scope of this Code. Acceptance

is acceptable.

(c) Whenever data are analyzed, all relevant
and test conditions shall be evaluated:

(d) Data shall be compared to the acceptancecriteria. If
the functional margin determined\per MOV-2.£.6.8 does
not meet the acceptance criteriaythe MOV’s operational
readiness is not verified, and correction actign shall be
taken in accordance with\thé Owner’s corrective action
requirements.

(e) Data analysis shall include identificatior} of anom-
alous behavior, determination of the cause of the anom-
alous behavidr, and completion of correctiye actions
before the-MOV is returned to an operationglly ready
condition.

(f) Data analysis shall be independently verified by in-
dividuals qualified through the Owner’s qualifjcation re-
quirements.

MOV-2.2.6.4 Evaluation of Data. The evgluation of
MOV test data shall meet the following requijements:
(a) Procedures shall specify the methods for pvaluating
MOV test data.
(b) Evaluations shall determine the amount of degra-
dation in functional margin that occurred over time.
(c) Evaluations shall include the influence of past main-
tenance and test activities to establish approgriate time
intervals for future test activities.
(d) Evaluations shall apply changes in functional
margin to other applicable MOVs to establish appropriate
time intervals for future test activities.
(e) Test evaluation shall be independently verified by
individuals qualified through the Owner’s qualification re-
quirements.

MOV-2.2.6.5 Determination of MOV Functional
Margin. The Owner shall demonstrate that|adequate

margin exists between valve-operating reqTirements
and the available actuator output r‘:\pnhi]ify to Satisfy

operating

criteria shall be based on the minimum amount by
which available actuator output capability must exceed
the valve-operating requirements. Thrust, torque, or
other measured engineering parameters correlated to
thrust or torque may be used to establish the acceptance
criteria. Motor control center testing is acceptable if corre-
lation with testing at the MOV has been established. When
determining the acceptance criteria, the following sources
of uncertainty shall be included:
(a) test measurement and equipment accuracy
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the acceptance criteria for operational readiness of the
MOV to perform its specified functions. In addition to
meeting the acceptance criteria, adequate margin shall
exist to ensure that changes in MOV-operating character-
istics over time do not result in reaching a point at which
the acceptance criteria are not satisfied before the next
scheduled test activity.
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MOV-2.2.6.6 Determination of Valve-Operating Re-
quirements. Design-basis, valve-operating requirements,
including stem factor for rising stem valves, shall be deter-
mined from one of the following:

(a) measurements taken during testing at design-basis
conditions during qualification or installed in the facility
(b) analytical methods using valve parameters deter-
mined from testing at conditions that may be extrapolated

to design-basis conditions
(C) application of }nchﬁﬂri lnrincﬁ'y mnfhndn]nginc

ASME OM-2-2024

vals can affect test intervals and shall be evaluated. The
diagnostic testinterval shall be set such that the MOV func-
tional margin does not decrease below the acceptance
criteria.

MOV-2.3 Preventive Maintenance

Changes to preventive maintenance activities and their
schedules shall be evaluated when establishing accep-
tance criteria in MOV-2.2.6.2, evaluating potential degra-

MOV:2.2.6.7 Determination of Actuator Output
Capability. The determination of MOV actuator output
capability| shall be determined by one of the following
methods:

(a) For|available output based on motor capabilities,
available actuator output shall be determined based on
motor capgbilities at the motor’s design-basis conditions,
including fthe following:

(1) rated motor start torque

(2) nminimum voltage conditions

(3) elevated ambient temperature conditions

(4) operator efficiency

(5) other appropriate factors

(b) Forfavailable outputbased on torque switch setting,
the availalple actuator output shall be determined based on
the currerft torque switch setting, including the following:

(1) cplibration of the torque switch spring pack

(2) cprrent torque switch setting

(3) repeatability of torque switch operation

MOV2.2.6.8 Calculation of MOV Functionat
Margin. MOV functional margin shall be calculatéd*as
the difference between the available actuatar gutput
and valve-operating requirements. Available actuator
output is fetermined as one of the following:

(a) deslign-basis motor operator capability for limit
switch controlled strokes

(b) thelesser of design-basis metor operator capability
or motor ¢perator capability atthe'current torque switch
setting for torque switch-controlled strokes

MOV12.2.6.9 Diagnostic Test Interval. The diag-

nostic test interval shall-be determined by the following:

(a) The diagnostictest interval shall be determined by
the evaludtion_required in this Section.

(b) Ifin sufficient data exist to determine the diagnostic
testinterva
this MOV-2.2.6.4, then MOV diagnostic testmg shall be
conducted every 3 yr until sufficient data exist.

(c) Not later than 5 yr after initial implementation of
this Code, the Owner shall evaluate the adequacy of the
MOV diagnostic test interval as described in this Section.

(d) The maximum diagnostic test interval shall not
exceed 10 yr.

(e) Calculations for determining MOV functional
margin shall account for potential performance-related
degradation. Maintenance activities and associated inter-

dation per MOUV-2.2.6.4, and establishing MUY test
intervals per MOV-2.2.6.9. For example, changes to
stem lubrication procedures, including the)lubricant
type and application schedule, might impact the|engi-
neering evaluations performed in this,Section and shall
be evaluated.

MOV-2.4 Effect of MOV Replacement, Repair,
Maintenance,cor-Operating Conditions

When an MOV or itsfcontrol system is replaced,
repaired, or undergoes maintenance,’ or experiences a
condition that equld affect the MOV’s performjance,
new baseline ©r IST values shall be determined, ¢r the
previously ‘€stablished baseline or IST values shgll be
confirméd;.by testing before the MOV is returned to
serviceIfthe MOV was not removed from service, baseline
or IST values shall be immediately determingd, or
confirmed, by testing. Deviations between the prgvious
and new IST values shall be identified and analyzed| Veri-
fication that the new values represent acceptable gpera-
tion shall be documented as described in this Code and
MOV-4.1fan MOV undergoes replacement, repair, orjmain-
tenance, or experiences a condition that undermings the
qualification of the component, the MOV shall be ilequa-
lified as specified in GR-2.2 to perform its specified func-
tions in accordance with ASME QME-1 as accepted by the
applicable regulatory authority or by another method
justified by the Owner based on review and acceptance
by the applicable regulatory authority.

MOV-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as speciffed in
GR-3 and this Section. If the MOV performance is[unac-
ceptable, as established in this Section, the MOV’s gpera-
tional readlness isnot verlfied and corrective actlo n shall

requ1rements Prior to returning the MOV toan operatlon-
ally ready condition, corrective action shall be completed
with diagnostic testing to demonstrate that the MOV can
perform its specified functions until the next scheduled
test.

! Adjustment or replacement of stem packing, limit switches, or control
system valves, and removal of the bonnet, stem assembly, actuator,
obturator, or control system components, are examples of maintenance
that could affect valve performance parameters.
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MOV-4 RECORDS
MOV-4.1 Test Plans

Approved facility documents shall be established for all
tests specified in this Code and shall provide for collection
of data required to analyze and evaluate the MOV func-
tional margin in accordance with this Section.

MOV-4.2 MOV Test Records

Section MOV, Motor-Operated Valves

(h) names of test performer and reviewer and applica-
ble dates

(i) system flow, system pressure, differential pressure,
system fluid temperature, system fluid phase, and ambient
temperature

(j) significant observations, including comments perti-
nent to the test results, remarks regarding abnormal or
erratic MOV action during recent or preceding perfor-
mance testing, and other pertinent design information

MOV records shall be maintained in accordance with
GR-4 pnd as specified below:

(a)| MOV facility-specific unique identification number

(b)| motor, valve, and actuator nameplate data

(c) |test equipment unique identification numbers and
equipment calibration dates

(d)| test method and conditions, per MOV-2.2.6.1,
including description of valve lineups, process equipment,
and tyfpe of test, with identification of the valve body, valve
stem,| electric motor-operator orientation, and piping
configuration near the MOV

(e) |breaker setting and/or fuse size and motor starter
thernjal overload size, as applicable

(f) IMOV torque and limit switch configuration and
settings

(9)] MOV performance test procedure and other
approved facility documents containing acceptance
criterfa

MOV-4.3 MOV Analysis and Evaluation

The documentation of MOV performance,
been analyzed and evaluated i acc
MOV-2.2.6.3, shall include the followihg:

(a) values of test data, pagameters, and information
established in accordance with MOV-2.2.6{1(d) and
MOV-4.2

(b) summary of analysis and evaluation required per
MOV-2.2.6.3 and MOV=2.2.6.4

(c) functional margin determined per this $ection

(d) signatures and dates of individuals|qualified
through the)Owner’s qualification requfrements
performing test analysis and evaluations and indepen-
dently, verifying the analysis and evaluation

Which has
ordance
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Section MV
Manual Valves

MV-1 IN

Manual
meet the
Section.

FRODUCTION

valves (MVs) within the scope of this Code shall
Fequirements specified in Section GR and this

MV-2 INSERVICE TESTING REQUIREMENTS

MV-2.1 General Requirements
MV-2.1.1 Baseline Testing

(a) Each valve shall be baseline tested as required by
this Sectjon. A baseline test of each valve shall be
conducted within 1 yr of the initial IST test.

(b) Eagh of the following baseline tests shall be
performed for each MV:

(1) manual stroke test

(2) lgak testing, as applicable

(3) dosition verification testing for valves with
remote pgsition indicators

(c) Seaf leakage testing shall be in accordance with
Section VIL.T.

MV-2.1.2 Inservice Testing. Inservice testing/injaccor-
dance with this Section shall commence when the valve is
relied on tp be available to perform its specified functions.
Each of th¢ following inservice tests shall'be/performed for
each MV:

(a) manual stroke test

(b) leak testing, as applicabte

(c) posltion verification testing for valves with remote
position indicators

MV-2.1.3 Effect of MV Replacement, Repair, Modifi-
cation or Maintenance. When an MV is replaced, repaired,
or modifigd or undergoes maintenance that could affect
the valvels péerformance, a new baseline test shall be
performe in accordance with MV-211

as changes in system pressure, flow rate, level, or tenjpera-
ture, that reflects change of obturator position, The|valve
shall exhibit the required change of obtufator position
within the time limit specified for the wotst-case licgnsing
design-operating condition.

MV-2.1.6 ValvesinRegular Use.Valves thatopefate in
the course of plant operation ‘at\d frequency that yould
satisfy the exercising requitements of this Section need
not be additionally exercised, provided that the obsgerva-
tions otherwise required for testing are madg¢ and
analyzed during such operation and recorded in the
plant records at. intervals no greater than speciffjed in
MV-2.1.3.

MV-2.1:7.Valves Out of Service. For a valve that|is out
of servive, the exercising test schedule need not be
followed. Before placing the valve in service, the|valve
shall meet the requirements of this Section.

MV-2.1.8 Position Verification Testing. Valves with
remote position indicators shall be observed atf least
once every 5 yr to verify that valve operation is accufrately
verified by indications such as use of flow meters or{other
suitable instrumentation to verify obturator positjon.

MV-2.1.9 Leak Testing Requirements. Seat lepkage
testing shall be in accordance with Section VLT.
MV-2.2 Instrumentation and Test Equipment

Instrumentation and test equipment accuracy sHall be
included when establishing valve test acceptance crjiteria.
MV-2.3 Specific Inservice Testing Requireme¢nts

MV-2.3.1 Valve testing shall be in accordancg with

MV-2.1.4.

MV-2.3.2 Ifa valve fails to exhibit the required change

MV-2.1.4 Valve Exercise. Manual valves shall be full-
stroke exercised at least once every 2 yr, except where
adverse conditions require the valve to be tested more
frequently to ensure operational readiness.

MV-2.1.5 Valve Obturator Movement. The necessary
valve obturator movement shall be determined by exer-
cising the valve while observing an appropriate indicator,
such asindicating lights that signal the required changes of
obturator position, or by observing other evidence, such
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of obturator position, the valve’s operational readiness is
not verified, and corrective action shall be taken in accor-
dance with the Owner’s corrective action requirements.

MV-2.3.3 Prior to returning the MV to an operationally
ready condition, corrective action shall be completed with
exercise testing to demonstrate that the MV can perform
its specified functions until the next scheduled test.
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MV-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as specified in
GR-3 and this Section. If the MV performance is unaccept-
able, as established in this Section, the MV’s operational
readiness is not verified, and corrective action shall be
taken in accordance with the Owner’s corrective action
requirements. Prior to returning the MV to an operational
condition, corrective action shall be completed with
testing to demonstrate that the MV can perform its speci-

Section MV, Manual Valves

(b) Valve Records. The Owner shall maintain a record
that shall include the following for each valve covered by
this Section:

(1) the manufacturer and manufacturer’s model and
serial or other unique identification number
(2) acopy or summary of the manufacturer’s accep-
tance test report, if available
(3) baseline test results
(c) Record of Tests. See GR-4.3 and as specified in this

Section

fied finctions until the next scheduled test.

MV-4
(a)

dancd

RECORDS

General. MV records shall be maintained in accor-
with GR-4 and as specified in this Section.

(d) Record of Corrective Action. See GR-4,4'anld as speci-
fied in this Section.
(e) Test Plans. See GR-2.3.2.
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Section PAV
Pyrotechnic-Actuated Valves

PAV-1 INTRODUCTION

Pyrotechnic-actuated valves (PAVs) within the scope of
this Codd shall meet the requirements specified in
Section GR and this Section.

PAV-2 INSERVICE TESTING REQUIREMENTS

PAV-2.1 |General Testing Requirements
PAV-2.1.1 Baseline Testing

(a) Each PAV shall be inspected and tested prior to the
initial IST|interval as required by this Section. Baseline
activities that meet the requirements of this Code but
performed before implementation of this Code may be
used. Th¢ baseline activities for each PAV shall be
conducted within 1 yr of the initial IST activity.

(b) Corlduct an internal inspection of each PAV as part
of the bageline test prior to commencement of the IST
period.

(c) Ver
logic and
with its j

fy the operational readiness of the actuation
associated electrical circuits for each yalve
yrotechnic charge removed from the\PAV.
This must| include confirmation that sufficient electrical
parameteys (voltage, current, and resistanée) are avail-
able at thle valve from each circuit thatis relied upon
to actuatel the PAV.

(d) Selgct a sample of at least 20% of the pyrotechnic
charges fdr each group of PAVs(based on manufacturer,
type, and gize. Test each selectedcharge either in the PAV
or a qualiffed test fixture to'corifirm the capability of each
sampled charge to proyide the necessary motive force to
operate thle PAV to perform its intended function without
damage to the valve body or connected piping. The
sampling must include at least one PAV from each redun-
dant safety trdin.

(e) Res
tional readiness of the actuation logic or associated elec-
trical circuits or the capability of a pyrotechnic charge. Ifa
charge fails to fire or its capability is not confirmed, all
charges with the same batch number shall be removed,
discarded, and replaced with charges from a different
batch number that has demonstrated successful 20%
sampling of the charges.

(f) AnyPAV thathasundergone maintenance that could
affectits performance after the baseline test shall be tested
or inspected.
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PAV-2.1.2 Inservice Testing. Inservice telst
accordance with this Section shall commenge whe
PAV is needed to be capable of performing)its spe
functions.

PAV-2.1.3 Effect of PAV Replacement, Repair,
fication, or Maintenance. When-a PAV is replaced,
repaired, or modified or undergoes maintenance that
could affect the valve’s perfermance, new inservide test
values shall be determingd. The previously established
inservice test values shall be reconfirmed, or the act}vities
performed shall bé-evaluated along with the resylts of
post-replacement, répair, modification, and maintepance
testing to detérmine if new inservice test valugs are
warranted before the PAV is returned to service.[If the
PAV was not removed from service, inservic¢ test
values'shall be immediately determined or confifmed.
This testing is intended to demonstrate that test ppram-
eters, which could be affected by the replacement, fjepair,
modification, or maintenance, are within acceptable
limits. The Owner’s program shall define the leyel of
testing required prior to and after replacement, rjepair,
modification, or maintenance activities. Other attriputes,
such as functional margin, shall be evaluated when
defining the level of testing required prior to and after
replacement, repair, modification, or maintenance [activ-
ities, where the basis is properly justified and documlented
by an engineering evaluation. Deviations betwegn the
previous and new inservice test values shall be identified
and analyzed. Verification that the new inservice test
values represent acceptable operation shall be docu-
mented.

ng in
n the
cified

Modi-

PAV-2.2 PAV Inservice Testing Requirements

(a) A record of the service life of each charge i each
PAV shall be maintained. This record shall include the date
atch numbper, instaiiation date, and the
date when service life expires based on the manufacturer’s
recommendations. In no case shall the service life exceed
10 yr.

(b) Concurrentwiththe firsttestand atleastonce every
2 yr, the service life records of each PAV shall be reviewed
to verify that the service lives of the charges have not been
exceeded. The Owner shall take appropriate actions to
ensure charge service lives are not exceeded.
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(c) At least 20% of the charges in PAVs shall be fired
and replaced atleastonce every 2 yr.Ifa charge fails to fire,
all charges with the same batch number shall be removed,
discarded, and replaced with charges from a different
batch.

(d) Replacement charges shall be from batches from
which a sample charge shall have been tested satisfacto-
rily and with a service life such that the requirements of
(b) are met.

Section PAV, Pyrotechnic-Actuated Valves

(1) during examinations with post-maintenance
testing conducted in accordance with PAV-2.1.1

(2) inthe capability of a pyrotechnic charge in accor-
dance with PAV-2.1.1, or

(3) in the actuation logic or associated electrical
circuits

(j) If deficiencies are identified that would prevent

specified operation, the PAV shall be declared not oper-

ationally ready in accordance with the Owner’s require-
ments-Deficiencies-shall be addressed-for ether PAVS,

(e)
visual
surfa
sions;

At least once every 2 VI each PAV shall nnr‘nrgr\

examination of external surfaces and internal
es and parts with the following additional provi-

1) Visual examination shall include documentation
of thd presence of fluids or other contaminants.
(B) Any identified fluids or other contaminants
withih the internal mechanism that could potentially
interffere with the function of the PAV shall be
remoYed, and their presence shall be evaluated to deter-
mine fthe impact on the operational readiness of the valve
and ifs actuator.
(B) This examination shall include verification of the
initial operating position of the internal actuating
mechanism.
(#) Proper operation of remote position indicators
be confirmed.
At least once every 2 yr, one PAV of each size shall be
disasgembled for internal examination of the valve and
actuator with the following provisions:
(L) This examination will verify the operational
readiness of the PAV assembly by evaluating the internal
comppnents for their operational functionalityf{enhsuring
the inkegrity of individual components, and removing any
foreign material, fluid, or corrosion in accordance with the
’s examination procedures.
') All PAVs shall be disassembled for internal exam-
at least once every 10 yr:
For the PAVs selected, in'the test sample for (c), the
ional readiness of theaetuation logic and associated
cal circuits mustbewerified for each sampled valve
ing removal of/its charge. This verification must
e confirmation/that sufficient electrical parameters
ge, current, and resistance) are available for each
actuation circuit.

(h)| For’the PAVs selected in the test sample for (c), the
sampling'must select at least one PAV from each redun-

shall
0]

such as by internal examination or pyrotechpic charge
and circuitry testing, as applicable, withi appropriate
actions based on those findings. Post-maintenance
testing shall be conducted in accordance with PAV-2.1.1.

(k) Valve Obturator Movement, The necessary valve
obturator movement shalllbe determined (either
during installed testing of\the valve or during internal
inspections) while obsérving an appropriate|indicator,
such as indicating-lights that signal the|required
changes of obturator position, or by obserying other
evidence, such as’ changes in system presqure, flow
rate, level, ortemperature, that reflects a chapge of the
obturator{position.

(1) Pesition Verification Testing. PAVs withre
tion ihdicators shall be observed at least once
dufing installed testing or internal inspection
that valve operation is accurately verified by i
such as flow meters or other suitable instrume
verify obturator position.

(m) Leak Testing Requirements. Seat leakage testing
shall be performed in accordance with Section VLT.

mote posi-
every 5 yr
5 to verify
ndications
ntation to

PAV-3 CORRECTIVE ACTIONS

Corrective actions shall be performed as sj
GR-3 and this Section.

ecified in

PAV-4 RECORDS

(a) General. PAV records shall be maintaine in accor-
dance with GR-4 and as specified in this Section.

(b) PAV Records. The Owner shall maintaip a record
that shall include the following for each PAY covered
by this Section:

(1) the manufacturer and manufacturer’s
serial or other unique identification number
(2) a copy or summary of the manufactur

model and

Pr's accep-

dant safety train every 2 yr. Each sampled pyrotechnic
charge shall be tested in the PAV or a qualified test
fixture to confirm the capability of the charge to
provide the necessary motive force to operate the PAV
to perform its intended function without damage to
the valve body or connected piping.

(i) Corrective action shall be taken in accordance with
the Owner’s corrective action requirements to resolve any
deficiencies identified
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tance test report, if available
(3) baseline test results
(c) Record of Tests. See GR-4.3 and as specified in this
Section.
(d) Record of Corrective Action. See GR-4.4 and as speci-
fied in this Section.
(e) Test Plans. See GR-2.3.2.
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Section PRD
Pressure Relief Devices

PRD-1 INTRODUCTION

Pressurg relief devices (PRDs) within the scope of this
Code shall meet the requirements specified in Section GR
and this Section. In addition, the following shall apply:

(a) Thgrequirements of this Code apply to valves that
are capacity certified and used to perform a pressure or
vacuum re¢lief function.

(b) Valyes used for pressure or vacuum relief protec-
tion that dre not capacity certified shall be tested by the
section or] sections for that valve type.

(c) Thq requirements of this Code recognize differ-
ences between the installed operating conditions and
the conditions under which a PRD might be tested. For
a specific|PRD design, if the parameter to be tested is
dependenlt on conditions not specifically addressed by
these requirements, the installed operating condition
and the tg¢st condition shall be comparable, or proven
correlations shall be applied.

(d) Theg requirements of this Code apply only to PRDs
required for overpressure protection.

(e) The|requirements of this Code are not intendéed-to
demonstrate conformance to design specificationreguire-
ments.

(f) The|requirements of this Code are not.intended to
verify or lemonstrate all aspects of PRD operation.

(g) Teskequipment (e.g., gages, tranisducers, load cells,
and calibrjation standards) used t@ determine valve set-
pressure ghall have an overall conbined accuracy not to
exceed 1% of the indicated {measured) set-pressure.

PRD-2 INSERVICE TESTING REQUIREMENTS

PRD-2.1 |General

(a) Opdrationyand Maintenance Instructions. Complete
operationjand maintenance instructions shall be available

(d) Acceptance Criteria. The Owner, based upofisystem
and valve design basics, license basis code of.record for
plant design requirements for overpressure protectijon, or
technical specification, shall establish‘test accegtance
criteria for overpressure protections

(e) Position Verification Testing.)PRDs with r¢mote
position indicators shall be obseryed at the test infterval
specified in PRD-2.3.1 to verify that valve operatjion is
accurately indicated by indications such as use of flow
meters or other suitable instrumentation to yerify
obturator position,

PRD-2.1.1 Test Frequencies — Pressure Relief alves

(a) Test Interval
(1) Pressurereliefvalves shall be tested atleasf once
every 10,yr, starting with reliance on their capability to
perform their specified functions. The 10-yr test infterval
shall begin from the date of the as-left set-pressure test for
édch valve.
(2) Valves shall be tracked by the manufactpirer’s
serial number or a unique alphanumeric identifigation
assigned by the Owner.

(3) The initial test interval for a new or an
hauled valve is 48 months where qualified for th
interval or longer in accordance with QME-1.

(4) Valves that fail the as-found set-pressurge test
shall have their test interval reduced by 24 m¢nths.
The minimum required time between tests is aff least
once every 24 months.

(5) Valves that pass the as-found set-pressurje test
may have their test interval increased by 24 m¢nths.
The maximum required time allowed between t¢sts is
at least once every 10 yr.

(b) Replacement With Pretested Valves. The Owndr may
satisfy testing requirements by installing pretested yalves
to replace valves that have been in service, provided that

over-
s test

for each device. This Code shall be supplemented by these
operating and maintenance instructions.

(b) Valve Testing Frequency. A frequency for valve
testing is required by this Code to provide verification
of the valve operational readiness to perform its specified
functions.

(c) Visual Examination. Visual examinations shall be
performed in accordance with the examination proce-
dures and shall be documented.
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(1) for Teplacement of a partial group of vaives, the
valves removed from service shall be tested prior to reli-
ance on the installed valves to perform their specified
functions, or

(2) for replacement of a full group of valves, the
valves removed from service shall be tested within 12
months of removal from the system
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PRD-2.1.2 Test Frequency — Nonreclosing PRDs.
Nonreclosing PRDs shall be replaced every 5 yr, unless
historical data indicate a requirement for more frequent
replacement.

PRD-2.1.3 Test Frequency — Pressure Relief Valves
That Are Used for Thermal Relief Application. Tests shall
be performed onrelief devices used in thermal relief appli-
cation every 10 yr, unless performance data indicate more
frequent testing is necessary. In lieu of tests, the Owner

Section PRD, Pressure Relief Devices

PRD-2.2.4 Power-Actuated Relief Valves. Tests shall
be performed in the following sequence, or manufac-
turer’s production tests may be accepted for (b)
through (d), provided the valve passes visual examination
in accordance with the examination procedures:

(a) visual examination

(b) determination of functional capability

(c) testing of accessories

(d) determination of compliance with the seat tight-

ness-criteria

may replace therelief devices ata frequency ofevery 10 yr,

unless performance data indicate more frequent replace-
mentg are necessary.
PRD-2.1.4 Test Frequency — Primary Containment

Vacuum Relief Valves

(a)
vacuy
adjus

(b)
Secti
contd
requi

PRD-2.1.5 Test Frequency — Vacuum Relief Valves,
Except for Primary Containment Vacuum Relief Valves.
All vacuum relief valves shall be tested every 2 yr. Test
interyals may be adjusted using the requirements of
PRD-2.1.1(a).

Tests shall be performed on all containment
m relief valves every 2 yr. Test intervals may be
ed using the requirements of PRD-2.1.1(a).
Additional leakage rate testing in accordance with
n VLT or other regulatory specified primary
inment leakage rate testing programs may be
‘ed as determined by GR-1.2(a) and GR-2.3.1.

PRD-2.2 PRD Testing

PR
initial
shall

PR
Auxil
in thd

D-2.2.1 Testing Before Initial Installation.-Before
installation, each PRD within the scope ofthis Code
be qualified as required in Section GR:

D-2.2.2 Main Steam Pressure-Relief Valves with
ary Actuating Devices. Tests-shall be performed
following sequence, or manufacturer’s production
tests may be accepted for (b)\through (d), provided the
valve|passes visual examifiation in accordance with the
examjnation procedures:

(a)| visual examination

(b)| set-pressure.determination

(c) |testing of accessories

(d)| determination of compliance with the seat tight-
ness ¢ritéria

PRD-2.2.5 Pressure Relief Valves. Testp shall be
performed in the following sequence, or.manifacturer’s
production tests may be accepted for{b)'and (c], provided
the valve passes visual examinationin accordan¢e with the
examination procedures:

(a) visual examination

(b) set-pressure determination

(c) determination ofegmpliance with the seaf tightness
criteria

PRD-2.2.6 Nonreclosing PRDs. The device|shall pass
visual examination in accordance with the examination
procedurés!

PRD=2.2.7 Vacuum Relief Valves. The v
pass visual examination in accordance with thg
tion procedures.

Ives shall
examina-

PRD-2.3 Baseline Testing

PRD-2.3.1 Main Steam Pressure Relief V3lves with
Auxiliary Actuating Devices. After installation, safety
valves and pilot-operated pressure relief valveg equipped
with auxiliary actuating devices shall be remgtely actu-
ated at reduced or normal system operating pressure
to verify open and close capability before reflied on to
perform their specified functions. Set-pressurg verifica-
tion is not required. Actuation pressure of th¢ auxiliary
actuating device-sensing element, where applicable,
and electrical continuity shall have been verifiied.

PRD-2.3.2 Safety Valves. Within 1 yr befpre relied
upon to perform its specified function, each yalve shall
have its set pressure verified.

PRD-2.3.3 Power-Actuated Relief Valves. After instal-
lation, each valve shall be remotely actuated [at normal
system operating pressure to verify open pnd close

PRB-2:2: —Festsshal-be-perfermedin
the following sequence, or manufacturer’s production
tests may be accepted for (b) through (d), provided
the valve passes visual examination in accordance with
the examination procedures:

(a) visual examination

(b) set-pressure determination

(c) testing of accessories

(d) determination of compliance with seat tightness
criteria

49

capability before relied upon to pertorm 1ts specified func-
tion.

PRD-2.3.4 Other Pressure Relief Valves. Within 1 yr
before relied upon to perform its specified function, each
valve shall have its set pressure verified.

PRD-2.3.5 Nonreclosing PRDs. The device shall pass
visual examination in accordance with the examination
procedures before relied upon to perform its specified
function.
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