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FOREWORD

This document was developed and is maintained by the ASME Committee on Operation and
Maintenance (OM Committee) of Nuclear Power Plants. The Committee operates under proce-
dures accredited by the American National Standards Institute as meeting the criteria of consensus

pfocedures for Ammericar Natiormat Stardards.

Due to the additional time required to consolidate the OM Code and OM-S/G documents, the
2009 edition encompasses all material that would have been included in the 2007 edition,-2008
agldenda, and 2009 addenda.

The 2012 edition of Operation and Maintenance of Nuclear Power Plants includes revisions to
hrious sections of Division 1, along with the addition of Mandatory Appendix, V.\Approved
de cases and interpretations have also been added.

The OM Committee develops, revises, and maintains Codes, Standards, and-Guides applicable
tq the safe and reliable operation and maintenance of nuclear power plants;

This publication, the 2012 edition of Operation and Maintenance of Nugclear Power Plants, was
approved by the ASME Board on Nuclear Codes and Standards. ASME OM-2012 was approved
by the American National Standards Institute on December 21, 2012

o <
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PREPARATION OF TECHNICAL INQUIRIES
TO THE COMMITTEE ON OPERATION
AND MAINTENANCE OF NUCLEAR POWER PLANTS

INTRODUCTION

The ASME Committee on Operation and Maintenance of Nuclear Power Plants meets regular]y
to conduct standards development business. This includes consideration of written regtiests fpr
interpretations, Code Cases, and revisions to Operation and Maintenance Code and developmeht
of new requirements as dictated by technological development. This supplement provides guifl-
ance to Code users for submitting technical inquiries to the Committee. Technical inqtiiries inclugle
requests for revisions or additions to the Code requirements, requests for Code'Cases, and requests
for Code interpretations.

Code Cases may be issued by the Committee when the need is urgent>Code Cases clarify the
intent of existing Code requirements or provide alternative requirements. Code Cases are writt¢n
as a question and a reply and are usually intended to be incorpgrated into the Code at a latper
date. Code interpretations provide the meaning of or the intent of existing requirements in the
Code and are also presented as a question and reply. Both Code Cases and Code interpretatiofs
are published by the Committee.

The Code requirements, Code Cases, and Code interpretations established by the Committee
are not to be considered as approving, recommending,-certifying, or endorsing any proprietafy
or specific design or as limiting in any way the fréedom of manufacturers or constructors fo
choose any method of design or any form of construction that conforms to the Code requirements.

Moreover, ASME does not act as a consultant on specific engineering problems or on the
general application or understanding of thé Code requirements. If, based on the inquiry informp-
tion submitted, it is the opinion of the.Committee that the inquirer should seek assistance, the
inquiry will be returned with the recommendation that such assistance be obtained.

As an alternate to the requirements of this Supplement, members of the Committee and its
subcommittees, subgroups, and working groups may introduce requests for Code revisions pr
additions, Code Cases, and-Code interpretations at their respective Committee meetings or may
submit such requests tothe-Secretary of a subcommittee, subgroup, or working group.

Allinquiries that donotprovide the information needed for the Committee’s full understanding
will be returned.

INQUIRY FORMAT

Submittals to the Committee shall include:
(a)Rurpose. Specify one of the following:
(1) revision of present Code requirement(s)
(2) new or additional Code requirement(s)

Copyright ASME International
Provided by IHS under license with ASME

(3) Code Case
(4) Code interpretation

(b) Background. Provide the information needed for the Committee’s understanding of the
inquiry, being sure to include reference to the applicable Code subsection, appendix, edition,
addenda, paragraphs, figures, and tables. Preferably, provide a copy of the specific referenced
portions of the Code.

(c) Presentations. The inquirer may desire or be asked to attend a meeting of the Committee
to make a formal presentation or to answer questions from the Committee members with regard
to the inquiry. Attendance at a committee meeting shall be at the expense of the inquirer. The
inquirer’s attendance or lack of attendance at a meeting shall not be a basis for acceptance or
rejection of the inquiry by the Committee.

No reproduction or networking permitted without license from IHS Not for Resale
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CODE REVISIONS AND ADDITIONS

Requests for Code revisions or additions shall provide the following;:

(a) Proposed Revision(s) or Addition(s). For revisions, identify the requirements of the Code that
require revision and submit a copy of the appropriate requirements as they appear in the Code
marked up with the proposed revision. For additions, provide the recommended wording refer-
enced to the existing Code requirements.

(b) Statement of Need. Provide a brief explanation of the need for the revision(s) or addition(s).

(c) Background Information. Provide background information to support the revision(s) or addi-
tion(s) including any data or changes in technology that form the basis for the request that will

o

tow the Committee o adequately evatuate the proposed Tevision(s) of addition(s). SKetches,
tgbles, figures, and graphs should be submitted as appropriate. When applicable, identify any
pertinent paragraph in the Code that would be affected by the revision(s) or addition(s),'ahd
ppragraphs in the Code that reference the paragraphs that are to be revised or added.

CPDE CASES

Requests for Code Cases shall provide a Statement of Need and Background duformation similar
tq that defined in subparas. (b) and (c) of “Code Revisions or Additions” section. The proposed
Code Case should identify the Code Section and Division and be written as.a Question and Reply
il the same format as existing Code Cases. Requests for Code Case§ should also indicate the
applicable Code edition(s) and addenda to which the proposed Cdde Case applies.

CDDE INTERPRETATIONS

Requests for Code interpretations shall provide the follewing;:

(a) Inguiry. Provide a condensed and precise question, omitting superfluous background infor-
njation, and, when possible, composed in such a way; that a “yes” or a “no” Reply, possibly with
btief provisos, is acceptable. The question should-be technically and editorially correct.

(b) Reply. Provide a proposed Reply that will'clearly and concisely answer the Inquiry question.
referably, the Reply should be “yes” or “1no* possibly with brief provisos.

(c) Background Information. Provide any:background information that will assist the Committee
1} understanding the proposed Inquiri-and Reply.

3

—-

SUBMITTALS

Submittals to and respénses from the Committee shall meet the following:

(a) Submittal. Inquiries)from Code users shall preferably be submitted in typewritten form;
bwever, legible handwritten inquiries will also be considered. They shall include the name,
idress, telephonesntumber, and fax number, if available, of the inquirer and be mailed to the
qllowing address:

- o 5

Secretary

Committee on Operation and Maintenance of
Nuclear Power Plants

The American Society of Mechanical Engineers

Two Park Avenue
New York, NY 10016-5990

(b) Response. The Secretary of the Operation and Maintenance Committee shall acknowledge
receipt of each properly prepared inquiry and shall provide a written response to the inquirer
upon completion of the requested action by the Committee.

vi
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PREFACE

GENERAL

In 2008, the OM Committee directed that the two separately published OM Code and the OM
Standards and Guides (OM-S/G) publications be combined into one document. This was done
to ensure all of our standards and guides documents were readily available to users of the OM

Code products. Some of the standards and guides were originally developed as part of the curre

nt

operating nuclear power plants pre-operational testing program conducted during the 1970s-ax
1980s. These Standards and Guides will be useful for power uprate projects and for new-react
design plant construction. Combining the OM Code and OM-5/G into one document Will’'ma
the publication schedules for the Committee more efficient and easier to track.

ORGANIZATION

The 2012 consolidated code, standards, and guides for nuclear power plants, titled Operati
and Maintenance of Nuclear Power Plants, are arranged into three distinét divisions. The titl
of some of the sections have been shortened to simplify the presentation purely for the uses
ease of review and use. Reference to the individual published cdde, standard, or guide shou
be made for the specific title and the application requirements.{Subsequent changes made to tl
Division contents will be detailed in future addenda publications in separately listed summa

of changes sections. Interpretations and code cases are included as a separate section following

Division 3 for the user’s convenience.

Division 1: OM Code: Section IST

Subsection ISTA  General Requirements

Subsection ISTB  Inservice Testing of Pumps— Pre-2000 Plants'

Subsection ISTC  Inservice Testing of Valyes

Subsection ISTD  Preservice and Inseivice Examination and Testing of Dynamic Restraints
(Snubbers)

Subsection ISTE ~ Risk-Informed Inservice Testing of Components

Subsection ISTF  Inservice Teésting of Pumps — Post-2000 Plants?

Mandatory Appendices

I Inservice Testing-of Pressure Relief Devices

I Check Valve Condition Monitoring Program

III  Preservice afid-Inservice Testing of Active Electric Motor Operated Valve Assemblies
IV Pneumatically and Hydraulically Operated Valves (in course of preparation)

V  Pump ®eriodic Verification Test Program

Nonmgndatory Appendices

Preparation of Test Plans

Dynamic Restraint Examination Checklist Items
Dynamic Restraint Design and Operating Information

Yol
pr
e

n
eS

7
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e

Y
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Flowchart for 10% and 37 Snubber Testing Plans

Dynamic Restraints (Snubbers) Service Life Monitoring Methods
Application of Table ISTD-4252-1, Snubber Visual Examination

Test Parameters and Methods

Check Valve Testing Following Valve Reassembly

Sample List of Component Deterministic Considerations

AT T OTHIPNE >

! Pre-2000 plant: a nuclear power plant that was issued its construction permit by the applicable regulatory authority

prior to January 1, 2000.

2 Post-2000 plant: a nuclear power plant that was issued (or will be issued) its construction permit, or combined

license for construction and operation, by the applicable regulatory authority on or following January 1, 2000.

ix
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L Acceptance Guidelines
M Design Guidance for Nuclear Power Plant Systems and Component Testing

Division 2: OM Standards

Part 3

Part 12
Part 16
Part 21
Part 24

Vibration Testing of Piping Systems

Loose Part Monitoring

Performance Testing and Inspection of Diesel Drive Assemblies
Inservice Performance Testing of Heat Exchangers

Reactor Coolant and Recirculation Pump Condition Monitoring

Phrt 26
Phrt 28
Phrt 29

o

Part 5
Pprt 7
Part 11
Phrt 14
Part 19

Phrt 23

Determination of Reactor Coolant Temperature From Diverse Measurements
Standard for Performance Testing of Systems
Alternative Treatment Requirements for RISC-3 Pumps and Valves

vision 3: OM Guides

Inservice Monitoring of Core Support Barrel Axial Preload intPressurized
Water Reactor Power Plants

Requirements for Thermal Expansion Testing of Nuclear{Power Plant Piping
Systems

Vibration Testing and Assessment of Heat Exchangers

Vibration Monitoring of Rotating Equipment indNyiclear Power Plants
Preservice and Periodic Performance Testing 6f Pneumatically and
Hydraulically Operated Valve Assemblies

Inservice Monitoring of Reactor Internals Vibration in Pressurized Water
Reactor Power Plants
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ASME OM-2012
SUMMARY OF CHANGES

Following approval by the ASME Committee on Operation and Maintenance (OM Committee)
a S and atter public Teview,
Standards Institute on December 21, 2012.

ME OM-2012 is a consolidation of ASME OM Code and ASME OM-S/G. This edition includes
edlitorial changes, revisions, and corrections introduced in ASME OM Code-2004, ASME'OMa

Clode-2005, ASME OMb Code-2006, ASME OM-S/G-2007, and ASME OM-2009, as well as the

fqllowing changes identified by a margin note, (12).

Ppge Location Change

iy, x Preface Updated

7 ISTA-2000 Definitions of #1¢-2000 plant and post-2000

plant added

1 ISTB-1400 Revised, invits entirety

ISTB-2000 Definition of comprehensive pump test flow
rate added

12 Table ISTB-3000-1 Sixth column and Note (1) added
ISTB-3300 Subparagraphs (e)(1) and (e)(2) revised

1 Table ISTB-3400-1 Fifth column and Note (1) added

14-17 ISTB-5000 Revised in its entirety
ISTB-5110 Subparagraph (a) revised
ISTB-5121 First paragraph and subpara. (b) revised
I51B<5122 First paragraph and subpara. (c) revised
ISTB-5123 First paragraph and subpara. (b) revised
ISTB-5210 Subparagraph (a) revised
ISTB-5221 First paragraph and subpara. (b) revised
ISTB-5222 First paragraph and subpara. (c) revised
ISTB-5223 First paragraph and subpara. (b) revised

18-20 ISTB-5321 First paragraph and subpara. (b) revised
ISTB-5322 First paragraph and subpara. (c) revised
ISTB-5323 First paragraph and subpara. (b) revised

21 ISTB-9100 Subparagraph (d) added

22 ISTC-1200 First paragraph revised
ISTC-1300 First paragraph revised

23 ISTC-3100 Subparagraph (d) added

Xi
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Page Location Change

24 Table ISTC-3500-1 (1) Notes in first column added
(2) Notes in third column deleted
30, 31 ISTC-5260 Subparagraph (e) added
33 ISTD-3120 Added
34 ISTD-3300 Added
37 1STD-5230 Deteted
ISTD-5271 First paragraph revised
38 ISTD-5280 Revised
41 ISTD-6300 Revised in its entirety
58 1-1320 Subparagraph (a) revised
1-1350 Subparagraph (a)revised
81 Division 1, Mandatory Added
Appendix V

SPECIAL NOTE:

The Interpretations and Code Cases to ASME OMare included in this edition as a separajte
section at the end of this document for the user’s\convenience.

Xii
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DIVISION 1: OM CODE: SECTION IST
CONTENTS

SUBSECTION ISTA GENERAL REQUIREMENTS ...t 6
ISTA-1000 Introduction. ....... ... ... ... 6
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ISTA-1300 Application ........ ... i 6
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Table
ISTA-1400-1 Referenced Standards and Specifications ................. ... ... ... 6
SUBSECTION ISTB INSERVICE TESTING OF PUMPS IN LIGHT-WATER REACTOR

NUCLEAR POWER PLANTS — PRE-2000 PLANTS ...................... 11
ISTB-1000 Introduction. ... .. 11
ISTB-1100 Applicability 1
ISTB-1200 EXCIUSIONS .ot e 11
ISTB-1300 Pump Categories .............. ... 11
ISTB-1400 Owner’s Responsibility .................... ..o 11
ISTB-2000 Supplemental Definitions ............... ... ... ... . 11
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ASME OM-2012

Subsection ISTA
General Requirements

ISTA-1000 INTRODUCTION

Table ISTA-1400-1 Referenced Standards and

ISTA-1100| Scope

Section IBT establishes the requirements for preservice
and inserv]ce testing and examination of certain compo-
nents to asgess their operational readiness in light-water
reactor nuflear power plants. It identifies the compo-
nents subjgct to test or examination, responsibilities,
methods, ifitervals, parameters to be measured and eval-
uated, criferia for evaluating the results, corrective
action, pefsonnel qualification, and record keeping.
These requirements apply to

(1) pumps and valves that are required to perform a
specific fuction in shutting down a reactor to the safe
shutdown fondition, in maintaining the safe shutdown
conditionf or in mitigating the consequences of an
accident

(b) presdure relief devices that protect systems or por-
tions of syptems that perform one or more of the three
functions identified in subpara. ISTA-1100(a)

(c) dynamic restraints (snubbers) used in systems that
perform ofie or more of the three functions identified
in subparal ISTA-1100(a), or to ensure the integrity jof
the reactor| coolant pressure boundary

ISTA-1200| Jurisdiction

The jurisdiction of Section IST covers individual com-
ponents that have met all the requirements of the con-
struction code commencing at the'time when the
constructign code requirements-have been met, irrespec-
tive of the [physical location. When portions of systems
or plants afre completed at)different times, the jurisdic-
tion of thig Section shall'cover only those components
on which afll construction related to the components has
been compjleted.

ISTA-1300| Application

Specifications————————

Revision|Date or
Indicator

Standard or
Specification

PTC 25 1994
API RP-527 3rd editign, 1991

the overall system classification by which the applicable
requirements of Sectiorf]ST are determined.

ISTA-1400 Referericed Standards and Specificltions

When standdrds’and specifications are refereced in
Section IST, their revision date or indicator shall be as
shown in Table ISTA-1400-1.

ISTA-1500 Owner’s Responsibilities

The responsibilities of the Owner of the nuclear}power
plant shall include the following:
(a) determination of the appropriate Code Class for
each component of the plant, identification of the pystem
boundaries for each class of components subject| to test
or examination, and the components exempt from test-
ing or examination requirements.
(b) design and arrangement of system comporfents to
include allowance for adequate access and clegrances
for conduct of the tests and examinations. Refer to
Nonmandatory Appendix M of this Divisipn for
guidance.
(c) preparation of plans and schedules.
(d) preparation of written test and examihation
instructions and procedures.
(e) qualification of personnel who perform and evalu-
ate examinations and tests in accordance wjth the
Owner’s quality assurance program.
(f) performance of required tests and examinations.

ISTA-13T0 Components Subject to Testing and
Examination. Components identified in Section IST for
testing or examination shall be included in the test plan
(para. ISTA-3110). These components include nuclear
power plant items such as pumps, valves, and dynamic
restraints (snubbers).

ISTA-1320 Classifications. Optional construction of
a component in a system boundary to a classification
higher than the minimum class established in the com-
ponent Design Specification (either upgrading from
Class 2 to Class 1 or Class 3 to Class 2) shall not affect

(g) recording of required test and examination results
that provide a basis for evaluation and facilitate compar-
ison with the results of subsequent tests or examinations.

(h) evaluation of tests and examination results.

(i) maintenance of adequate test and examination rec-
ords such as test and examination data and description
of procedures used.

(j) retention of all test and examination records for
the service lifetime of the component or system.

(k) documentation of a quality assurance program in
accordance with either of the following:
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(1) Title 10, Code of Federal Regulations, Part 50
(2) ASME NQA-1, Parts II and III

ISTA-1600 Accessibility

Provisions for examination shall include access for
the examination personnel and equipment necessary to
conduct the test or examination.

ISTA-2000 DEFINITIONS

SUBSECTION ISTA

performance testing: a test to determine whether a system
or component meets specified acceptance criteria.

plant operation: the conditions of startup, operation at
power, hot standby, and reactor cooldown, as defined
by plant technical specifications.

post-2000 plant: a nuclear power plant that was issued
(or will be issued) its construction permit, or combined
license for construction and operation, by the applicable
regulatory authority on or following January 1, 2000.

equipmient dynamic restraint (snubber): device that pro-
vides pestraint to a component or system during the
sudden application of forces, but allows essentially free
motion during thermal movement.

examingtion: observing, visual monitoring, or measuring
to defermine conformance to Owner-specified
requir¢gments.

exercisfng: demonstration based on direct visual or indi-
rect pgsitive indications that the moving parts of a com-
ponent function.

inservige test: test to assess the operational readiness of
a syst¢m, structure, or component after first electrical
generdtion by nuclear heat.

instrurjient loop: two or more instruments or components
working together to provide a single output.

instrument loop accuracy: accuracy of an instrument loop
based fon the square root of the sum of the squares of
the inqccuracies of each instrument or component~in
the logp when considered separately. Alternatively,the
allowgble inaccuracy of the instrument loop(may be
based pn the output for a known input int6 the instru-
ment Ipop.

maintepance: replacement of parts, adjustments, and sim-
ilar actions that do not change thedesign (configuration
and mfterial) of an item.

modifidation: alteration in thé design of a system, struc-
ture, of component.

monitofing: continuouS)or periodic observation or mea-
surement to ascertdin)the performance or obtain charac-
teristigs of a system, structure, or component.

nonintfusivetesting: testing performed on a component
withoyt disassembly or disturbing the boundary of the
compdgnent.

pre-2000 plant: a nuclear power plant thatwds issued its
construction permit, or combined license. fqr construc-
tion and operation, by the applicabletegulatpry author-
ity prior to January 1, 2000.

preservice test: test performed after completjon of con-
struction activities related todthe component|and before
first electrical generation'by nuclear heat, or in an
operating plant, before.the component is initjally placed
in service.

preservice test petiod: the period of time following comple-
tion of constfugdtion activities related to the component
and before first electrical generation by nuclear heat, in
which, component and system testing takes place, or in
an operating plant prior to the component bejng initially
placed in service.

pump: a mechanical device used to move flgid.

qualitative testing: testing performed to establjsh parame-
ters without determining the specific meapure of the
parameter.

quantitative testing: testing performed to egtablish the
specific measure or limit of a parameter, syich as that
required to establish that a parameter is within a speci-
fied range.

reference point: a point of operation at which reference
values are established and inservice test parameters are
measured for comparison with applicable [acceptance
criteria.

reference values: one or more values of parameters as
measured or determined when the equipment is known
to be operating acceptably.

repair: the process of restoring a degraded |item to its
original design requirements.

obturator: valve closure member (disk, gate, plug, etc.).

operational readiness: the ability of a component to per-
form its specified functions.

overpressure protection: the means by which components
are protected from overpressure by the use of pressure-
relieving devices or other design provisions as required
by the BPV Code, Section III, or other applicable con-
struction codes.

Owner: an organization owning or operating a facility
where items are installed or used.

TOULiTie servicing. performance ol planned, preventive
maintenance.

skid-mounted pumps and valves: pumps and valves inte-
gral to or that support operation of major components,
even though these pumps and valves may not be located
directly on the skid. In general, these pumps and valves
are supplied by the manufacturer of the major compo-
nent. Examples include

(a) diesel fuel oil pumps and valves

(b) steam admission and trip throttle valves for high-
pressure coolant injection turbine-driven pumps
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SUBSECTION ISTA

(c) steam admission and trip throttle valves for auxil-
iary feedwater turbine-driven pumps

(d) solenoid-operated valves provided to control an
air-operated valve

system resistance: hydraulic resistance to flow.

trending: a comparison of current data to previous data
obtained under similar conditions for the same
equipment.

valves, active: valves that are required to change obturator

ASME OM-2012

(1) Initial Examination and Test Interval: 10 yr follow-
ing initial start of unit commercial service
(2) Successive Examination and Test Intervals: 10 yr
following the previous test interval
(d) Each of the inservice examination and test inter-
vals may be extended or decreased by as much as 1 yr.
Adjustments shall not cause successive intervals to be
altered by more than 1 yr from the original pattern of
intervals.
(e) In addition to subpara. ISTA-3120(d), for units that

position tq accomplish a specific function in shutting
down a reqctor to the safe shutdown condition, main-
taining thed safe shutdown condition, or mitigating the
consequenges of an accident.

valves, pasdive: valves that maintain obturator position
and are n¢t required to change obturator position to
accomplisl} the required function(s) in shutting down a
reactor to the safe shutdown condition, maintaining the
safe shutdown condition, or mitigating the conse-
quences off an accident.

ISTA-3000 GENERAL REQUIREMENTS
ISTA-3100| Test and Examination Program

ISTA-31[10 Test and Examination Plans. Test plans
shall be prepared for the preservice test period, initial
inservice, gnd subsequent inservice test intervals.! Each
inservice test plan shall include the following:

(a) the eflition and addenda of this Section that apply’
to the required tests and examinations
(b) the glassification of the components and‘the
boundarieg of system classification
(c) identfification of the components subject to tests
and examihation
(d) the Code requirements for each_component and
the test or [examination to be perfdrmed
(e) the Jode requirements for.each component that
are not beihg satisfied by the #€sts or examinations; and
justification for substitute“tests or examinations
(f) Codd Cases proposed for use and the extent of
their applifation
. (g) test pr examifdtion frequency or a schedule for
" performange of tests and examinations, as applicable

ISTA-31R0¢ Inservice Examination and Test Interval

are out of service continuously for 6 mo or mdre, the
examination and test interval during which'thé putage
occurred may be extended for a period equivqlent to
the outage and the original pattern of intervals exfended
accordingly for successive intervals.

(f) The inservice examination and test intervals for
component replacements, additions, and alteratigns that
may be required during thé-Service lifetime of the unit
shall coincide with the,rémaining intervals, as| deter-
mined by the calendar(years of unit service at the time
of replacement, addition, or alteration.

ISTA-3130 Application of Code Cases
(a) Code Cases tobe used during a preservice of inser-
vice test or.examination shall be identified in the test
plan.
(b). €ode Cases shall be applicable to the editipn and
addenda specified in the test plan.
(c) Code Cases shall be in effect at the time the test
plan is filed, except as provided in suppara.
ISTA-3130(d).
(d) Code Cases issued subsequent to filing the test
plan may be proposed for use in amendments| to the
test plan.

ISTA-3140 Application of Revised Code Cases.
Superseded Code Cases approved for use in accgrdance
with para. ISTA-3130 may continue to be used.

ISTA-3150 Application of Annulled Code Cases.
Code Cases approved for use in accordance with para.
ISTA-3130 or ISTA-3140 may be used after annfilment
for the duration of that test plan.

ISTA-3160 Test and Examination Procedures.| Tests
and examinations shall be performed in accordanfe with
written procedures. The procedures shall contgin the

nmrnpr-qpprifipd reference values and acceptance

(1) Examination and test frequency shall be in accor-

~dance with the requirements of Section IST.

(b) The examination and test interval shall be deter-
mined by calendar years following placement of the unit
into commercial service.

(c) The examination and test intervals shall comply
with the following, except as modified by subparas.
ISTA-3120(d) and ISTA-3120(e):

! Guidance for the preparation of test plans is in Nonmandatory
Appendix A of this Division.

criteria.

ISTA-3200 Administrative Requirements

(a) 1IST Plans shall be filed with the regulatory authori-
ties having jurisdiction at the plant site.

(b) The selection of components included in the test
plan is subject to review by the regulatory authorities
having jurisdiction at the plant site.

(c) Application of the requirements of this Section
shall be governed by group classification criteria of the
regulatory authority having jurisdiction at the plant site.
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(d) The use of any Code Case is subject to acceptance
by the regulatory authorities having jurisdiction at the
plant site.

(e) Revisions to a previously approved Code Case
may be substituted for that Code Case with the accept-
ance of the regulatory authorities having jurisdiction at
the plant site.

(f) Tests and examinations shall meet the require-
ments of the edition and addenda of this Section speci-
fied in the following paragraphs:

SUBSECTION ISTA

the range and accuracy necessary to demonstrate confor-
mance to specific examination or test requirements.

ISTA-4200 Calibration

All instruments and test equipment used in per-
forming the examination and testing program shall be
calibrated and controlled in accordance with the
Owner’s administrative procedures or a quality assur-
ance program approved by the Owner.

(1) Preservice Test Period. The test plan for the pre-
servicg test period shall comply with the latest edition
and addenda of this Section that have been adopted by
the regulatory authority 36 mo prior to the docket date
of the|unit’s construction permit, or the edition and
adderjda of the OM Code referenced in the unit’s
Combined License, as applicable. Alternatively, the test
plan for the preservice test period shall comply with
subsefjuent editions and addenda that have been
adoptgd by the regulatory authority. Specific portions
subsequent editions and addenda may be used,
d all related requirements are met.

d all related requirements are.met.

e edition and addendalof the Section that have
been adopted by the regulatory authority 12 mo prior
to the ptart of the inservice test interval, or subsequent
edition)s and addendaythat have been adopted by the
regulafory authority:\Specific portions of such subse-
quent editions or-addenda may be used, provided all
related requirements are met.

ISTA-3300--Corrective Actions

Cor Foctive actions reguiring repair/renlacement
1 o r r

ISTA-5000 TO BE PROVIDED AT A LATER DATE
ISTA-6000 TO BE PROVIDED AT A,LATER DATE
ISTA-7000 TO BE PROVIDED AT'A LATER DATE
ISTA-8000 TO BE PROVIDED-AT A LATER DATE
ISTA-9000 RECORDS_AND REPORTS

ISTA-9100 Scope

The requirements ‘for retention of records apply to
those records.génerated in the course of performing
preservice and.inservice tests and examinations required
by Section IST.

ISTA-9200 Requirements

ISTA-9210 Owner’s Responsibility

(a) The Owner shall prepare plans for prepervice and
inservice tests and examinations to meet the require-
ments of Section IST.

(b) The Owner shall prepare and retain reg¢ords of the
preservice and inservice tests and examinatjons.

ISTA-9220 Preparation
(a) Test and examination records shall be prepared
in accordance with the requirements of the|Subsection
applicable to the test and examination requjrements.
(b) Plans shall have a cover sheet providing the fol-
lowing information:
(1) date of document completion
(2) name and address of Owner
(3) name and address of plant
(4) name and number designation of the unit
(5) commercial service date for the uni

ISTA-9230 Inservice Test and Examination Results.
The results of tests and examinations shall be docu-

activities shall be performed in accordance with
ASME Section XI, as applicable. Other corrective actions
shall be performed in accordance with the Owner’s qual-
ity assurance program.

INSTRUMENTATION AND TEST
EQUIPMENT

ISTA-4100 Range and Accuracy

Instrumentation and test equipment used in per-
forming the examination and testing program shall have

ISTA-4000
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mented and shall include the following, as a minimum:

(a) component identification

(b) date of test or examination

(c) reason for test or examination (e.g., postmainte-
nance, routine inservice test or examination, establishing
reference values, etc.)

(d) test or examination procedure used

(e) identification of test equipment used

(f) calibration records, or traceability to calibration
records

(g) values of measured parameters

Not for Resale
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(h) comparison with allowable ranges of test and
examination values, and analysis of deviations

(i) requirement for corrective action

(j) documentation of the person(s) responsible for
conducting and analyzing the test or examination per
the Owner’s QA program

ISTA-9240 Record of Corrective Actions. The Owner
shall maintain records of corrective action that shall
include a summary of the corrective actions made, the

ASME OM-2012

The Owner shall provide suitable protection from deteri-
oration and damage for all records, in accordance with
the Owner’s quality assurance program for the service
lifetime of the component or system. Storage shall be
either at the plant site or at another location that will
meet the access and quality assurance program
requirements.

ISTA-9320 Reproduction. Records shall be either the
original or a legible copy.

subsequen servicetestor C)\auliualiuu, corfirnration . .

of operatipnal adequacy, and the printed (or typed) ISTA-9330 Test anq Examlnatllon Records. The
name and pignature of the person(s) responsible for the ~ Owner shall be responsible for designating.the fecords
corrective hction and verification of results. to be maintained. Such records shall incltide the follow-

ISTA-9300

ISTA-9310 Maintenance of Records. The Owner
shall retaif records identified in para. ISTA-9330 as a
minimum.|The records shall be filed and maintained.

Retention

ing as a minimum:
(a) an index to record file
(b) test plans (see para. ISTA%3110)
(c) test and examination results
(d) records of correctivesactions

10
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SUBSECTION ISTB

Subsection ISTB
Inservice Testing of Pumps in Light-Water Reactor Nuclear
Power Plants — Pre-2000 Plants’

ISTB-1000 INTRODUCTION
ISTB-1j100 Applicability

The [requirements of this Subsection apply to certain
centrifigal and positive displacement pumps that have
an emergency power source.

ISTB-1200 Exclusions

The [following are excluded from this Subsection:

(a) drivers, except where the pump and driver form
an intggral unit and the pump bearings are in the driver

(b) pumps that are supplied with emergency power
solely ffor operating convenience

(c) dkid-mounted pumps that are tested as part of the
major fomponent and are justified by the Owner to be
adequately tested

ISTB-

All pumps within the scope of paras. ISTA-1100,and
ISTB-1J100 shall be categorized as either a Group A" or
Group| B pump.

300 Pump Categories

ISTB-1j400 Owner’s Responsibility

In afldition to the requirements pf\para. ISTA-1500,
the Owner’s responsibility includés

(a) providing in both the pumps and plant design all
necesspry valving, instrumentation, test loops, required
fluid ipventory, or other proyvisions that are required to
fully cpmply with the-fequirements of this Subsection.

pumpg in the\plant records (see section ISTB-9000). A
pump [thatTmeets both Group A and Group B pump

definitions shall he rafpgm‘iw:d as a Crnnp A pump

ISTB-2000 SUPPLEMENTAL DEFINITIONS

The following are provided to ensure
understanding of selected terms used in this

a uniform
Subsection.

comprehensive pump test flow rate{the flow rate pstablished
by the Owner that is effective for detecting mmechanical
and hydraulic degradatien during subsequent testing.
The best efficiency point) ‘system flow ratgs, and any
other plant-specific flow rates shall be consjdered.

Group A pumps; ptunps that are operated cqntinuously
or routinely dufing normal operation, cold|shutdown,
or refueling operations.

Group Bpumps: pumps in standby systems that are not
operated routinely except for testing.

vertical line shaft pump: a vertically suspended pump
where the pump driver and pump element are con-
nected by a line shaft within an enclosed cglumn.

ISTB-3000 GENERAL TESTING REQUIREMENTS

The hydraulic and mechanical condition |of a pump
relative to a previous condition can be det¢rmined by
attempting to duplicate by test a set of refergnce values.
Deviations detected are symptoms of changes and,
depending upon the degree of deviation, inglicate need
for further tests or corrective action.

The parameters to be measured during preservice and
inservice testing are specified in Table ISTB}3000-1.

ISTB-3100 Preservice Testing

During the preservice test period or before imple-
menting inservice testing, an initial set of reference val-
ues shall be established for each pump. Thesg tests shall
be conducted under conditions as near as [practicable
to those expected during subsequent inserviice testing.

(c) establishing a comprehensive pump test flow rate
for each pump.

(d) establishing a pump periodic verification test
program? in accordance with Division 1, Mandatory

Appendix V.

! Pre-2000 plant: a nuclear power plant that was issued its con-
struction permit by the applicable regulatory authority prior to
January 1, 2000.

2 Reference Division 1, Mandatory Appendix V, Pump Periodic
Verification Test Program.
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Except as specified in para. ISTB-3310, only one preser-
vice test is required for each pump. A set of reference
values shall be established in accordance with para.
ISTB-3300 for each pump required to be tested by this
Subsection. Preservice testing shall be performed in
accordance with the requirements of the following
paragraphs:

(a) centrifugal pump tests (except vertical line shaft
centrifugal pumps) in accordance with para. ISTB-5110

(b) vertical line shaft centrifugal pump tests in accor-
dance with para. ISTB-5210

Not for Resale
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(12 Table ISTB-3000-1 Inservice Test Parameters
Pump Periodic
Preservice Group A Group B Comprehensive Verification
Quantity Test Test Test Test Test [Note (1)] Remarks
Speed, N X X X X X If variable speed
Differential pressure, AP X X X [Note (2)] X X Centrifugal pumps, including vertical line
shaft pumps
Discharge pressure, P X X e X X Positive displacement pumps
Flow rate, Q X X X [Note (2)] X X .
Vibration X X .. X Measure either V, or V,
Displacemgnt, V, Peak-to-peak
Velocity, V, Peak
NOTE:
(1) Only reqyired for those pumps identified in Division 1, Mandatory Appendix V.
(2) For positive displacement pumps, flow rate shall be measured or determined; for all other pumps, differential pressure or flow fate
shall be fneasured or determined.
(c) positive displacement pump (except reciprocat- (2) Reference values shall be established at the com-
ing) tests ih accordance with para. ISTB-5310 prehensive pump test flow rate for the Group [A and
(d) recipfrocating positive displacement pump testsin  Group B tests, if practicable. If not practicable, the refer-
accordancq with para. ISTB-5310 ence point flow rate‘shall be established at the highest
. . practical flow fate.
ISTB-3200| Inservice Testing (f) All subsequent test results shall be compgred to
Inservicg testing of a pump in accordance with this  these initial\feference values or to new reference|values
Subsectionfshall commence when the pump is required  establishéd in accordance with para. ISTB-3310 or
to be operpble (see para. ISTB-1100). Inservice testing ISTB-3320, or subpara. ISTB-6200(c).
shall be pefformed in accordance with the requirements {g) Related conditions that can significantly influence
of the follqwing paragraphs: the measurement or determination of the reference value
(a) centrjifugal pump tests (except vertical line shaft () shall be analyzed in accordance with para. ISTB-6400.
centrifugall pumps) in accordance with para. ISTB-5120 .
i . . ISTB-3310 Effect of Pump Replacement, Repgir, and
(b) vertifal line shaft centrifugal pump tests in-acedr- .
. Maintenance on Reference Values. When a reference
dance witlf para. ISTB-5220 )
. . . value or set of values may have been affected by|repair,
(c) positfve displacement pump (exceptireciprocat- . .
. . . replacement, or routine servicing of a pump, a new refer-
ing) tests ih accordance with para. ISTB-5320 . .
. . ) ; . ence value or set of values shall be determined irf accor-
(d) recipfrocating positive displacement-pump tests in . .
. dance with para. ISTB-3300 or the previoud value
accordancqd with para. ISTB-5320 . .
reconfirmed by a comprehensive or Group A tgst run
(12) ISTB-3300| Reference Values before declaring the pump operable. The Owngr shall
Referende values shall be-abtiined as follows: determine Whether the requirements of para. IST. 3—3.100,
-, . to reestablish reference values, apply. Deviations
(a) Initidl reference values shall be determined from .
) . X between the previous and new set of reference|values
the results [of testing meeting the requirements of para. e
. . shall be evaluated, and verification that the new|values
ISTB-3100, [Preservice Testing, or from the results of the . .
o A represent acceptable pump operation shall be placed in
first inserviice togl the record of tests (see section ISTB-9000)
(b) New|or additional reference values shall be estab- '
lished as rpquired by para. ISTB-3310 or ISTB-3320, or ISTB-3320 Establishment of Additional [Set of

subpara. ISTB-6200(c).

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

(d) Reference values shall be established at a point(s)
of operation (reference point) readily duplicated during
subsequent tests.

(e) Reference values shall be established in a region(s)
of relatively stable pump flow.

(1) Reference values shall be established at the com-
prehensive pump test flow rate for the comprehensive
test.

12

Reference Values. If it is necessary or desirable, for
some reason other than stated in para. ISTB-3310, to
establish an additional set of reference values, a Group
A or comprehensive test shall be run at the conditions
of an existing set of reference values and the results
analyzed. If operation is acceptable per para. ISTB-6200,
an additional set of reference values may be established
as follows:

(a) For centrifugal and vertical line shaft pumps, the
additional set of reference values shall be determined
from the pump curve established in para. ISTB-5110 or

Copyright ASME International

Provided by IHS under license with ASME

No reproduction or networking permitted

without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

(12)

ASME OM-2012

Table ISTB-3400-1 Inservice Test Frequency

SUBSECTION ISTB

Table ISTB-3510-1 Required Instrument Accuracy

Pump Periodic

Group A and Comprehensive and

Pump Group A Group B Comprehensive Verification Quantity Group B Test, % Preservice Tests, %
Group Test Test Test Test [Note (1)]
Pressure +2 %
Group A Quarterly N/A Biennially Biennially Flow rate +2
Group B N/A Quarterly Biennially Biennially Speed +2
Vibration +5
GENERAL NOTE: N/A = Not applicable. Differential pressure +2 £l
NOTE:
(1) Onlyrequired for those pumps identified in Division 1 _Manda-

tory|Appendix V.

ISTB-5R10, as applicable. Vibration acceptance criteria
shall Qe established by a Group A or comprehensive
test at| the new reference point. If vibration data was
taken at all points used in determining the pump curve,
an intgrpolation of the new vibration reference value is
accepthble.

(b) Kor positive displacement pumps, the additional
set of |reference values shall be established per para.
ISTB-5310.

A tept shall be run to verify the new reference values
before|their implementation. Whenever an additional
set of feference values is established, the reasons for so
doing shall be justified and documented in the record
of tests (see section ISTB-9000). The requirements of
para. ISTB-3300 apply.

ISTB-3400 Frequency of Inservice Tests

An inservice test shall be run on each pump.as speci-
fied in| Table ISTB-3400-1.

ISTB-3410 Pumps in Regular Use.~ Group A pumps
that arp operated more frequently than every 3 mo need
not be| run or stopped for a special test, provided the
plant rpcords show the pump was operated at least once
every 3 mo at the referencecconditions, and the quantities
specified were determined; recorded, and analyzed per
section) ISTB-6000.

ISTB-3420 Pumps in Systems Out of Service. For a
pump [in a systém declared inoperable or not required
to be qperable; the test schedule need not be followed.
Within| 3imo before the system is placed in an operable

ISTB-3500 Data Collection

ISTB-3510 General

(a) Accuracy. Instrument\accuracy shall bg within the
limits of Table ISTB-351071.'If a parameter is ¢letermined
by analytical methods\instead of measurement, then the
determination shall meet the paramete} accuracy
requirement of Table ISTB-3510-1 (e.g., flow|rate deter-
mination shall.be accurate to within +2% of pctual). For
individual analog instruments, the required jaccuracy is
percentof full-scale. For digital instruments, the required
accuracy is over the calibrated range. For a cpmbination
of instruments, the required accuracy is loop accuracy.
(b) Range
(1) The full-scale range of each analog [instrument
shall be not greater than three times the refegence value.
(2) Digital instruments shall be selecteql such that

the reference value does not exceed 90% of th¢ calibrated
range of the instrument.
(3) Vibration instruments are excluded from the
range requirements of subparas. ISTB-3510(b)(1) and
ISTB-3510(b)(2).
(c) Instrument Location. The sensor locatipn shall be
established by the Owner, documented in thie plant rec-
ords (see section ISTB-9000), and shall be gppropriate
for the parameter being measured. The sarpe location
shall be used for subsequent tests. Instrumepts that are
position sensitive shall be either permanently mounted,
or provision shall be made to duplicate th¢ir position
during each test.
(d) Fluctuations. Symmetrical damping|devices or
averaging techniques may be used to reduceinstrument

Status, l‘IlU PUulIip blldll }JE LUblUd dIlL‘l Llle LSSl bdledulc
followed in accordance with the requirements of this
Subsection. Pumps that can only be tested during plant
operation shall be tested within 1 week following plant
startup.

ISTB-3430 Pumps Lacking Required Fluid Inventory.
Group B pumps lacking required fluid inventory (e.g.,
pumps in dry sumps) shall receive a comprehensive test
at least once every 2 yr except as provided in para.
ISTB-3420. The required fluid inventory shall be pro-
vided during this test. A Group B test is not required.

13

fluctuations Hydrautic instruments may be damped by
using gage snubbers or by throttling small valves in
instrument lines.

(e) Frequency Response Range. The frequency response
range of the vibration-measuring transducers and their
readout system shall be from one-third minimum pump
shaft rotational speed to at least 1,000 Hz.

ISTB-3520 Pressure

(a) Gage Lines. If the presence or absence of liquid in
a gage line could produce a difference of more than
0.25% in the indicated value of the measured pressure,

Copyright ASME International
Provided by IHS under license with ASME

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

SUBSECTION ISTB

means shall be provided to ensure or determine the
presence or absence of liquid as required for the static
correction used.

(b) Differential Pressure. When determining differen-
tial pressure across a pump, a differential pressure gage
or a differential pressure transmitter that provides direct
measurement of the pressure difference 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.

ately orthogonal directions, one of which is
the axial djrection.

(c) On reciprocating pumps, the location shall be on
the bearing housing of the crankshaft, approximately
perpendicylar to both the crankshaft and the line of

plunger trg

(d) If a g
surement {
to permit s
plane.

ISTB-35
a rate or q
test circuit
‘directly, th
reduce the
to be meg|
required td

vel.

ortable vibration indicator is used, the mea-
oints shall be clearly identified on the pump
ubsequent duplication in both location~and

50 Flow Rate. When measuring flow rate,
iantity meter shall be installed’in the pump
If a meter does not indicate the flow rate
e record shall includé the method used to
Hata. Internal recirctilated flow is not required
sured. Externaksecirculated flow is not
be measured-if it is not practical to isolate,

has a fixeq resistancejand has been evaluated by the
‘Owner to ot havela substantial effect on the results of
the test.

ASME OM-2012

ISTB-5100 Centrifugal Pumps (Except Vertical Line
Shaft Centrifugal Pumps)

(a) Duration of Tests
(1) For the Group A test and the comprehensive
test, after pump conditions are as stable as the system
permits, each pump shall be run atleast 2 min. At theend
of this time at least one measurement or determination of
each of the quantities required by Table ISTB-3000-1
shall be made and recorded.

stable, at least one measurement or determinaftio:
quantity required by Table ISTB-3000-1 shall*bg
and recorded.
(b) Bypass Loops
(1) A bypass test loop may be\used for a Gfoup A
test or comprehensive test, prOvided the flow rate
through the loop meets the requirements as specjfied in
para. ISTB-3300.
(2) A bypass test loop may be used for Group B
tests if it is designed to-meet the pump manufagturer’s
operating specifieations (e.g., flow rate, time limitations)
for minimum flow”operation.

ISTB-5110, Preservice Testing. The paramete}s to be
measured, are specified in Table ISTB-3000-1.

(a) Jasystems where resistance can be variegl, flow
rateland differential pressure shall be measurgd at a
nminimum of five points. If practicable, these poinis shall
be from pump minimum flow to at least the comprehen-
sive pump test flow rate. A pump curve shall bqg estab-
lished based on the measured points. At least onf point
shall be designated as the reference point(s). Datj taken
at the reference point will be used to compare the|results
of inservice tests. A pump curve need not be established
for pumps in systems where resistance cannot be [varied.

(b) Vibration measurements are only required to be
taken at the reference point(s).

ISTB-5120 Inservice Testing

ISTB-5121 Group A Test Procedure. Group [A tests
shall be conducted with the pump operating as dlose as
practical to a specified reference point and within the
variances from the reference point as described|in this
paragraph. The test parameters shown in
Table ISTB-3000-1 shall be determined and recofded as

required by this paragraph. The test shall be conducted
ISTB-4000 as follows:

ISTB-5000 SPECIFIC TESTING REQUIREMENTS

This Subsection defines requirements for preservice,
Group A, Group B, and comprehensive tests.

(a) When a Group B test is required, a Group A, com-
prehensive, or preservice test may be substituted.

(b) When a Group A test is required, a comprehensive
or preservice test may be substituted.

(c) When a comprehensive test is required, a preser-
vice test may be substituted.

(12)
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(a) The pump shall be operated at nominal motor
speed for constant speed drives or at a speed adjusted
to the reference point (+1%) for variable speed drives.

(b) The resistance of the system shall be varied until
the flow rate is as close as practical to the reference point
with the variance not to exceed +2% or —1% of the
reference point. The differential pressure shall then be
determined and compared to its reference value. Alter-
natively, the flow rate shall be varied until the differential
pressure is as close as practical to the reference point

14
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Table ISTB-5121-1

SUBSECTION ISTB

Centrifugal Pump Test Acceptance Criteria

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High

Group A Test N/A Q 0.90 to 1.10Q, None <0.90Q, >1.10Q,
[Notes (1), (2)] N/A AP 0.90 to 1.10AP, None <0.90AP, >1.10AP,
<600 rpm VgorV, <2.5V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8 wm) (558.8 wm)
>600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or

03250075 >0.7 in./sec

(0.8 to 1.7 cm/s) (1.7 cm/s)
Group B Test N/A Q, or 0.90 to 1.10Q, None <0.90Q;, >1.10Q,
N/A AP 0.90 to 1.10AP, None <0.90AP; >1.10AP,
Comprehensive Test N/A Q 0.94 to 1.06Q, 0.90 to <0.94Q, <0.90Q, >1.06Q,
[Note$ (1), (2)] N/A AP 0.93 to 1.06AP, 0.90 to <0.93AP, <0.90AP, >1.06AP,
<600 rpm VyorV, <2.5V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8 ‘\wm) (558.8 wm)
2600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or

>0.325 tpr 0.7-n./sec >0.7 in./sec

(0.840,1.7 cm/s) (1.7 cm/s)

GENERAL NOTE:
denotes| displacement.

NOTES:

(1) Vibrption parameter per Table ISTB-3000-1. V, is vibration reference valdenin the selected units.

The subscript r denotes reference value, the subscript v denotes\vibration velocity reference value, and thle subscript d

(2) Refdr to Fig. ISTB-5223-1 to establish displacement limits for pumps\with speeds =600 rpm or velocity limits for pumps wjth speeds

<600 rpm.

with the variance not to exceed +1% or =2%-of the
refererjce point and the flow rate determined/and com-
pared with the reference flow rate.

(c) Where it is not practical to vary system resistance,
flow rate and pressure shall be detefmined and com-
pared o their respective referefice values.

(d) Yibration (displacement or velocity) shall be deter-
mined|and compared witlithe reference value. Vibration
measufrements shall be.bread band (unfiltered). If veloc-
ity mepsurements are‘used, they shall be peak. If dis-
placenjent amplitudes are used, they shall be peak-to-
peak.

(e) All deviations from the reference values shall be
compared,with the ranges of Table ISTB-5121-1 and cor-

1 ICTR_&200
\vAvEy

Table ISTB-3000-1 shall be determined and fecorded as
required by this paragraph. The test shall be conducted
as follows:

(a) The pump shall be operated at nomnfinal motor
speed for constant speed drives or at a spegd adjusted
to the reference point (+1%) for variable spg¢ed drives.

(b) The differential pressure or flow rajte shall be
determined and compared to its reference vjalue.

(c) System resistance may be varied as necessary to
achieve a point as close as practical to thp reference
point. If the reference point is flow rate, the variance
from the reference point shall not exceed +2% or —1%.
If the reference point is differential pressure, the variance
from the reference point shall not exceed 1% or —2%

rectivé-aeton—talkenas-specifiedinpara:
Vibration measurements shall be compared to both the
relative and absolute criteria shown in the alert and
required action ranges of Table ISTB-5121-1. For exam-
ple, if vibration exceeds either 6V, or 0.7 in./sec
(1.7 cm/s) the pump is in the required action range.

TOTDOO

ISTB-5122 Group B Test Procedure. Group B tests
shall be conducted with the pump operating as close as
practical to a specified reference point and within the
variances from the reference point as described in this
paragraph. The test parameter value identified in
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of the reference point.

(d) All deviations from the reference values shall be
compared with the ranges of Table ISTB-5121-1 and cor-
rective action taken as specified in para. ISTB-6200.

ISTB-5123 Comprehensive Test Procedure. Com-
prehensive tests shall be conducted with the pump
operating as close as practical to a specified reference
point and within the variances from the reference point
as described in this paragraph. The test parameters
shown in Table ISTB-3000-1 shall be determined and

Not for Resale
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recorded as required by this paragraph. The test shall
be conducted as follows:

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

(b) The resistance of the system shall be varied until
the flow rate is as close as practical to the reference point
with the variance not to exceed +2% or —1% of the
reference point. The differential pressure shall then be
determined and compared to its reference value. Alter-

ASME OM-2012

(a) In systems where resistance can be varied, flow
rate and differential pressure shall be measured at a
minimum of five points. If practicable, these points shall
be from pump minimum flow to at least the comprehen-
sive pump test flow rate. A pump curve shall be estab-
lished based on the measured points. At least one point
shall be designated as the reference point(s). Data taken
at the reference point will be used to compare the results
of inservice tests. A pump curve need not be established
for pumps in systems where resistance cannot be varied.

natively, the flow rate shall be varied until the differential

(b) Vibration measurements are only requiredl to be

pressure i as close as practical to the reference point  taken at the reference point(s).
with the yariance not to exceed +1% or —2% of the . .
reference fJoint and the flow rate determined and com- ISTB-5220 Inservice Testing
pared witl] the reference flow rate. ISTB-5221 Group A Test Procedure. Group [A tests (12)
(c) Whefte it is not practical to vary system resistance, shall be conducted with the pundp operating as dlose as
flow rate gnd pressure shall be determined and com-  practical to a specified reference“point and within the
pared to their respective reference values. variances from the reference”point as described|in this
(d) Vibration (displacement or velocity) shallbedeter-  paragraph. The test parameters shown in
mined and|compared with corresponding reference val- ~ Table ISTB-3000-1 shall’be determined and recotded as
ues. Vibration measurements are to be broad band  required by this pardgraph. The test shall be conducted
(unfiltered). If velocity measurements are used, they  as follows:
shall be pefk. If displacement amplitudes are used, they (a) The pump shall be operated at nominal| motor
shall be pdak-to-peak. speed for constant speed drives or at a speed aﬂjusted
(e) All deviations from the reference values shall be  to the reference point (+1%) for variable speed dlrives.
compared pvith the ranges of Table ISTB-5121-1 and cor- (b)The resistance of the system shall be varied until
rective action taken as specified in para. ISTB-6200. The  theflow rate is as close as practical to the referende point
vibration rheasurements shall be compared to both the  with the variance not to exceed +2% or —1%|of the
relative ar{d absolute criteria shown in the alert and . “teference point. The differential pressure shall then be
required agtion ranges of Table ISTB-5121-1. For exam-\" determined and compared to its reference value] Alter-
ple, if vifration exceeds either 6V, or 0.7 in. /sec natively, the flow rate shall be varied until the diff¢rential
(1.7 cm/s)] the pump is in the required action range. pressure is as close as practical to the reference point
. . ] with the variance not to exceed +1% or -2%|of the
ISTB-5200] Vertical Line Shaft Centrifugal Pumps reference point and the flow rate determined an{d com-
(a) Durafion of Tests pared with the reference flow rate.

(1) Fo the Group A test and the tomprehensive (c) Where it is not practical to vary system resistance,
test, after pump conditions are as stable as the system  flow rate and pressure shall be determined angl com-
permits, each pump shall be run-atléast 2 min. Attheend  pared to their respective reference values.
of this time]at least one measutement or determination of (d) Vibration (displacement or velocity) shall b¢ deter-
each of thp quantities required by Table ISTB-3000-1 = mined and compared with the reference value. Vipration
shall be mfde and recorded. measurements shall be broad band (unfiltered). If veloc-

(2) Fof the Group-B test, after pump conditions are ity measurements are used, they shall be peak.|If dis-
stable, at l1dast oneymeasurement or determination of the ~ placement amplitudes are used, they shall be peak-to-
quantity r¢quired-by Table ISTB-3000-1 shall be made  peak.
and recorded: (e) All deviations from the reference values shall be

(b) BypassToops compared witlt the ranges of Table ISTB-5221=tanhd cor-

(1) A bypass test loop may be used for a Group A  rective action taken as specified in para. ISTB-6200.
test or comprehensive test, provided the flow rate  Vibration measurements shall be compared to both the
through the loop meets the requirements as specified in ~ relative and absolute criteria shown in the alert and
para. ISTB-3300. required action ranges of Table ISTB-5221-1. For exam-

(2) A bypass test loop may be used for Group B ple, if vibration exceeds either 6V, or 0.7 in./sec
tests if it is designed to meet the pump manufacturer’s (1.7 cm/s), the pump is in the required action range.
operating specifications (e.g., flow rate, time limitations) ISTB-5222 Group B Test Procedure. Group B tests (12)

for minimum flow operation.

ISTB-5210 Preservice Testing. The parameters to be
measured are specified in Table ISTB-3000-1.
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shall be conducted with the pump operating as close as
practical to a specified reference point and within the
variances from the reference point as described in this
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SUBSECTION ISTB

Vertical Line Shaft Centrifugal Pump Test Acceptance Criteria

Required Action Range

(12)

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High

Group A Test N/A Q 0.95 to 1.10Q, 0.93 to <0.95Q, <0.93Q, >1.10Q,
[Notes (1), (2] N/A AP 0.95 to 1.10AP, 0.93 to <0.95AP, <0.93AP, >1.10AP,
<600 rpm VgorV, <2.5V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8 wm) (558.8 wm)
>600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or

03250075 >0.7 in./sec

(0.8 to 1.7 cm/s) (1.7 cm/s)
Group B Test N/A Q, or 0.90 to 1.10Q, None <0.90Q;, >1.10Q,
N/A Ap 0.90 to 1.10AP, None <0.90AP; >1.10AP,
Comprehensive Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.93Q, >1.06Q,
[Note$ (1), (2)] N/A AP 0.95 to 1.06AP, 0.93 to <0.95AP, <0.93AP, >1.06AP,
<600 rpm VyorV, <2.5V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8 ‘\wm) (558.8 wm)
2600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or

>0.325 tpr 0.7-n./sec >0.7 in./sec

(0.840,1.7 cm/s) (1.7 cm/s)

GENERAL NOTE:
denotes| displacement.

NOTES:

(1) Vibrption parameter per Table ISTB-3000-1. V, is vibration reference valdenin the selected units.

The subscript r denotes reference value, the subscript v denotes\vibration velocity reference value, and thle subscript d

(2) Refdr to Fig. ISTB-5223-1 to establish displacement limits for pumps\with speeds =600 rpm or velocity limits for pumps w|th speeds

<600 rpm.

paragraph. The test parameter value identified in
Table ISTB-3000-1 shall be determined and'‘recorded as
requir¢d by this paragraph. The test shall be conducted
as follpws:

(a) The pump shall be operatéd,dt nominal motor
speed [for constant speed drives or at a speed adjusted
to the reference point (+1%)(for variable speed drives.

(b) The differential pfessure or flow rate shall be
deternjined and compated to its reference value.

(c) ystem resistance may be varied as necessary to
achievp a point<as.close as practical to the reference
point. [If the référence point is flow rate, the variance
from the reference point shall not exceed +2% or —1%.
If the rpference point is differential pressure, the variance

from the-reference—point-shall-not-exceed—+1%—o0r—29

recorded as required by this paragraph. Thie test shall
be conducted as follows:

(a) The pump shall be operated at nomjinal motor
speed for constant speed drives or at a spe¢d adjusted
to the reference point (+1%) for variable sp¢ed drives.

(b) The resistance of the system shall be yaried until
the flow rate is as close as practical to the refgrence point
with the variance not to exceed +2% or +1% of the
reference point. The differential pressure shall then be
determined and compared to its reference value. Alter-
natively, the flow rate shall be varied until the|differential
pressure is as close as practical to the refefence point
with the variance not to exceed +1% or 12% of the
reference point and the flow rate determinegl and com-
pared with the reference flow rate

of the reference point.

(d) All deviations from the reference values shall be
compared with the ranges of Table ISTB-5221-1 and cor-
rective action taken as specified in para. ISTB-6200.

ISTB-5223 Comprehensive Test Procedure. Com-
prehensive tests shall be conducted with the pump
operating as close as practical to a specified reference
point and within the variances from the reference point
as described in this paragraph. The test parameters
shown in Table ISTB-3000-1 shall be determined and

(c) Where it is not practical to vary system resistance,
flow rate and pressure shall be determined and com-
pared to their respective reference values.

(d) Vibration (displacement or velocity) shall be deter-
mined and compared with corresponding reference val-
ues. Vibration measurements are to be broad band
(unfiltered). If velocity measurements are used, they
shall be peak. If displacement amplitudes are used, they
shall be peak-to-peak. (See Fig. ISTB-5223-1.)

(e) All deviations from the reference values shall be
compared with the ranges of Table ISTB-5221-1 and
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Fig. ISTB-5223-1 Vibration Limits
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corrective fiction taken as specified in para:ISTB-6200.  used for Group B tests if it is designed to meet th¢ pump
The vibratjon measurements shall be compared to both ~ manufacturer’s operating specifications (e.g., flow rate,
the relativ¢ and absolute criteria shewnin the alert and ~ time limitations) for minimum flow operation.
required fiction ranges of Taple-ISTB-5221-1. For

example, if vibration exceeds¢either 6V, or 0.7 in./sec
(1.7 cm/s){ the pump is in thevrequired action range.

ISTB-5300| Positive Displacement Pumps

(a) Durafion of Tests
(1) Fof the«Group A test and the comprehensive
test, after pumpiconditions are as stable as the system
permits, eagh'pump shall be run atleast 2 min. At the end

ISTB-5310 Preservice Testing. The paramete}s to be
measured are specified in Table ISTB-3000-1.

(a) For positive displacement pumps, reference
shall be taken at or near pump design pressure
parameters specified in Table ISTB-3000-1.

(b) Vibration measurements are only required to be
taken at the reference point(s).

ISTB-5320 Inservice Testing

values
for the

of this time at least one measurement or determination of
each of the quantities required by Table ISTB-3000-1
shall be made and recorded.

(2) For the Group B test, after pump conditions are
stable, at least one measurement or determination of the
quantity required by Table ISTB-3000-1 shall be made
and recorded.

(b) Bypass Loops. A bypass test loop may be used for
a Group A test or comprehensive test, provided the
flow rate through the loop meets the requirements as
specified in para. ISTB-3300. A bypass test loop may be

18

ISTB-5321 Group A Test Procedure. Group A tests
shall be conducted with the pump operating as close as
practical to a specified reference point and within the
variances from the reference point as described in this
paragraph. The test parameters shown in
Table ISTB-3000-1 shall be determined and recorded as
required by this paragraph. The test shall be conducted
as follows:

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

(12)
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Table ISTB-5321-1 Positive Displacement Pump (Except Reciprocating)
Test Acceptance Criteria

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High

Group A Test N/A Q 0.95 to 1.10Q, 0.93 to <0.95Q, <0.93Q, >1.10Q,
[Notes (1), (2)] N/A P 0.93 to 1.10P, 0.90 to <0.93P, <0.90P, >1.10P,
<600 rpm VyorV, <2.5V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8 pm) (558.8 wm)
ZOUU TPT vV, Or Vg oV DOV, 0 OV, Orf NOTTE >6V, or

>0.325 to 0.7 in./sec >0.7 in./sec

(0.8 to 1.7 cm/s) (1.7 cm/s)
Group B Test N/A Q 0.90 to 1.10Q, None <0190Q; >1.10Q,
Comprehensive Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.93Q, >1.06Q,
[Note$ (1), (2)] N/A P 0.93 to 1.06P, 0.90 to <0.93P, <0.90P, >1.06P,
<600 rpm VgorV, <25V, >2.5V, to 6V, or None >6V, or

>10.5 to 22 mils >22 mils

(266.7 to 558.8\m) (558.8 um)
>600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or

>0.325 16,0.77in./sec >0.7 in./sec

(0.8t0,1.7 cm/s) (1.7 cm/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denoteSwibration velocity reference value, and the subscript d
denotes| displacement.
NOTES:
(1) Vibrption parameter per Table ISTB-3000-1. V, is vibration reference value'in the selected units.
(2) Refdr to Fig. ISTB-5223-1 to establish displacement limits for pumpsiwith speeds =600 rpm or velocity limits for pumps wjth speeds

<60p rpm.

(b) The resistance of the system shall be varied until
the digcharge pressure is as close as practical’to the
refererjce point with the variance not to exceéd +1% or
—2% of the reference point. The flow rate shall then be

ISTB-5322 Group B Test Procedure. Grpup B tests (12)
shall be conducted with the pump operating as close as
practical to a specified reference point and|within the
variances from the reference point as described in this

deternpined and compared to its referenice value. paragraph. The test parameter value identified in Table
(c) Where it is not practical to vary-system resistance, =~ ISTB-3000-1 shall be determined and rqcorded as
flow rhte and pressure shall be détermined and com-  required by this paragraph. The test shall be conducted

as follows:
(1) The pump shall be operated at nomfinal motor
speed for constant speed drives or at a spegd adjusted
to the reference point (+1%) for variable sp¢ed drives.
(b) The flow rate shall be determined and compared
to its reference value.

pared o their respective reference values.

(d) Yibration (displacement or velocity) shall be deter-
minedfand compared with the reference value. Vibration
measupements shallbebroad band (unfiltered). If veloc-
ity measurements\are used, they shall be peak. If dis-
placement amplitudes are used, they shall be peak-to-

peak. (c) System resistance may be varied as necessary to
(e) 4 achieve a point as close as practical to the reference
comp able B- point—Theresistance-of-the-system-shall-be-varied until

cq d ]

Table ISTB-5321-2, as applicable, and corrective action
taken as specified in para. ISTB-6200. For reciprocating
positive displacement pumps, vibration measurements
shall be compared to the relative criteria shown in the
alert and required action ranges of Table ISTB-5321-2.
For all other positive displacement pumps, vibration
measurements shall be compared to both the relative
and absolute criteria shown in the alert and required
action ranges of Table ISTB-5321-1. For example, if vibra-
tion exceeds either 6V, or 0.7 in./sec (1.7 cm/s), the
pump is in the required action range.

the discharge pressure is as close as practical to the
reference point with the variance not to exceed +1% or
—2% of the reference point.

(d) All deviations from the reference values shall be
compared with the ranges of Table ISTB-5321-1 or
Table ISTB-5321-2, as applicable, and corrective action
taken as specified in para. ISTB-6200.

ISTB-5323 Comprehensive Test Procedure. Com-
prehensive tests shall be conducted with the pump
operating as close as practical to a specified reference

(12)
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Table ISTB-5321-2 Reciprocating Positive Displacement Pump Test Acceptance Criteria

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High
Group A Test N/A Q 0.95 to 1.10Q, 0.93 to < 0.95Q, <0.93Q, >1.10Q,
N/A P 0.93 to 1.10P, 0.90 to < 0.93P, <0.90P, >1.10P,
N/A VyorV, <2.5V, > 2.5V, to 6V, None > 6V,
Group B Test N/A Q 0.90 to 1.10Q, None < 0.90Q, >1.10Q,
Comprehensiye Test N/A Q 0.95 to 1.06Q, 0.93 to < 0.95Q, <0.93Q, > 1.06Q,
N/A P 0.93 to 1.06P, 0.90 to < 0.93P, < 0.90P, >1.06P,
N/A VyorV, <2.5V, > 2.5V, to 6V, None 6V,

GENERAL NOTE:
denotes dispjacement.

point and ithin the variances from the reference point
as describpd in this paragraph. The test parameters
shown in [fable ISTB-3000-1 shall be determined and
recorded af required by this paragraph. The test shall
be conducted as follows:

(1) The pump shall be operated at nominal motor
speed for gonstant speed drives or at a speed adjusted
to the refefence point (+1%) for variable speed drives.

(b) The fesistance of the system shall be varied until
the dischafge pressure is as close as practical to the
reference fJoint with the variance not to exceed +1%/or
—2% of thq reference point. The flow rate shall‘then be
determinedl and compared to its reference value.

(c) Whefe it is not practical to vary system resistance,
flow rate gnd pressure shall be detefmiried and com-
pared to their respective reference(values.

(d) Vibration (displacement orvelocity) shall be deter-
mined and|compared with corresponding reference val-
ues. Vibration measurements are to be broad band
(unfiltered). If velocity measurements are used, they
shall be pefk. If displacement amplitudes are used, they
shall be pdak-to-pedlk:

(e) All devidtions from the reference values shall be
compared| with the ranges of Table ISTB-5321-1 or

The subscript r denotes reference value, the subscript v denotes vibration velocity reference valuejand the subscript d

ISTB-6000 MONITORING, ANALYSIS, AND
EVALUATION

ISTB-6100 Trending

Test parameters shown in Table ISTB-3000-1,|except
for fixed.values, shall be trended.

ISTB-6200 Corrective Action

(a) Alert Range. If the measured test parametervalues
fall within the alert range of Table ISTB-§121-1,
Table ISTB-5221-1, Table ISTB-5321-], or
Table ISTB-5321-2, as applicable, the frequency of ftesting
specified in para. ISTB-3400 shall be doubled until the
cause of the deviation is determined and the copdition
is corrected, or an analysis of the pump is performed
in accordance with subpara. ISTB-6200(c).

(b) Action Range. If the measured test parameter val-
ues fall within the required action rarjge of
Table ISTB-5121-1, Table ISTB-5221-1, Table ISTB-p321-1,
or Table ISTB-5321-2, as applicable, the pump shall be
declared inoperable until either the cause of the|devia-
tion has been determined and the condition is coxfrected,
or an analysis of the pump is performed in accgrdance
with subpara. ISTB-6200(c).

(c) Analysis. In cases where the pump’s test pprame-
ters are within either the alert or required actionlranges

Table ISTB-5321-2, as applicable, and corrective action
taken as specified in para. ISTB-6200. For reciprocating
positive displacement pumps, vibration measurements
shall be compared to the relative criteria shown in the
alert and required action ranges of Table ISTB-5321-1.
For all other positive displacement pumps, vibration
measurements shall be compared to both the relative
and absolute criteria shown in the alert and required
action ranges of Table ISTB-5321-2. For example, if vibra-
tion exceeds either 6V, or 0.7 in./sec (1.7 cm/s), the
pump is in the required action range.

of Table ISTB-5121-1, Table ISTB-5221-1,
Table ISTB-5321-1, or Table ISTB-5321-2, 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 readiness.
The analysis shall include both a pump level and a
system level evaluation of operational readiness, the
cause of the change in pump performance, and an evalu-
ation of all trends indicated by available data. The analy-
sis shall also consider whether new reference values
should be established and shall justify the adequacy of

20
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the new reference values, if applicable. The results of
this analysis shall be documented in the record of tests
(see section ISTB-9000).

ISTB-6300 Systematic Error

When a test shows measured parameter values that
fall outside of the acceptable range of Table ISTB-5121-1,
Table ISTB-5221-1, Table ISTB-5321-1, or
Table ISTB-5321-2, as applicable, that have resulted from

an identified systematic error, such as improper system
lineup or-inaccurate—instrumentation, thetest-shall-be

SUBSECTION ISTB

(a) the manufacturer and the manufacturer’s model
and serial or other identification number

(b) a copy or summary of the manufacturer’s accept-
ance test report if available

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

(d) the comprehensive pump test flow rate basis (e.g.,
flow rate and associated differential or discharge pres-
sure and speed for variable speed pumps)

rerun gfter correcting the error.
ISTB-6400 Analysis of Related Conditions

If thp reference value of a particular parameter being
measufed or determined can be significantly influenced
by othpr related conditions, then these conditions shall
be analyzed® and documented in the record of tests (see
section] ISTB-9000).

ISTB-4000 TO BE PROVIDED AT A LATER DATE
ISTB-8000 TO BE PROVIDED AT A LATER DATE
ISTB-9000 RECORDS AND REPORTS
ISTB-9100 Pump Records

The |Owner shall maintain a record that shall include
the following for each pump covered by this Subsection:

® Vibryition measurements of pumps may be foundation, driver,
or piping dependent. Therefore, if initial vibration readings are
high angl have no obvious relationship to the pump, then vibration
measur¢ments should be taken at the driver, at the foundation, and
on the piping and analyzed to ensure that the reference vibration
measur¢ments are representative of the pump and the measured
vibrati¢gn levels will not prevent the pump from fulfilling its
function.

ISTB-9200 Test Plans

In addition to the requirements\of“paras| ISTA-3110
and ISTA-3160, the test planstand procedures shall
include the following;:

(a) category of each pump
(b) the hydraulic circdit to be used

(c) the locationtand type of measurempnt for the
required test parameters

(d) the method of determining test paramjeter values
that are not difectly measured by instrumentation

ISTB-9300 Record of Tests
See para. ISTA-9230.

ISTB-9400 Record of Corrective Action
See para. ISTA-9240.
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Subsection ISTC
Inservice Testing of Valves in Light-Water Reactor Nuclear
Power Plants

INTRODUCTION
Applicability

ISTC-1000
ISTC-1100

The reqyirements of this Subsection apply to certain
valves and| pressure relief devices (and their actuating
and positign-indicating systems).

ISTC-1200

The follqwing components are excluded from the test-
ing requirdments of this Subsection, provided that the
components are not required to perform a specific func-
tion as dedcribed in para. ISTA-1100:

(a) valvds used only for operating convenience such
as vent, drpin, instrument, and test valves

(b) valvles used only for system control, such as
pressure-rdgulating valves

(c) valvles used only for system or component
maintenanfe

Skid-m¢unted valves are excluded from this
Subsection} provided they are tested as part of the major
component and are justified by the Owner to be.ade-
quately tedted.

External| control and protection systems xesponsible
for sensing plant conditions and providifg-signals for
valve operption are excluded from the-requirements of
this Subsedtion.

Category A and Category B safety and relief valves
are exclud¢d from the requiremients of para. ISTC-3700,
Valve Posifion Verification and"para. ISTC-3500, Valve
Testing Refiuirements.

Nonreclgsing pressure relief devices (rupture disks)
used in BYWR Scram. *Accumulators are excluded from
the requirdgments_of'this Subsection.

Exemptions

ISTC-1300| Valve Categories

(b) Category B: valves for which seat leakdge| in the
closed position is inconsequential for fulfillment of the
required function(s), as specified in para.|ISTA-1100.
(c) Category C: valves that are self-actuafing in
response to some system characteristi¢, such as pressure
(relief valves) or flow direction (check valves) for] fulfill-
ment of the required function(s), as specified in para.
ISTA-1100.
(d) Category D: valves that are actuated by an fenergy
source capable of only-6ne operation, such as gupture
disks or explosively‘actuated valves.

ISTC-1400 Owner’s Responsibility

In addition to the requirements of para. ISTA-[500, it
is the:Owner’s responsibility to

(a), include in the plant design all necessary
mentation, test connections, flow instruments,
other provisions that are required to fully comp
the requirements of this Subsection.

(b) categorize (see para. ISTC-1300), and list|in the
plant records (see section ISTC-9000) each valve to be
tested in accordance with the rules of this Subdection,
including Owner-specified acceptance criterja. The
Owner shall specify test conditions.

(c) ensure that the application, method, and cap
of each nonintrusive technique is qualified.

instru-
or any
y with

ability

ISTC-2000 SUPPLEMENTAL DEFINITIONS
The following are provided to ensure a upiform
understanding of selected terms used in this Subdection:

of the
of the

full-stroke time: the time interval from initiation
actuating signal to the indication of the end
nppmfing stroke

Valves within the scope of this Subsection shall be
placed in one or more of the following categories. Where
specified in Table ISTC-3500-1, when more than one
distinguishing category characteristic is applicable, all
requirements of each of the individual categories are
applicable, although duplication or repetition of com-
mon testing requirements is not necessary.

(a) Category A: valves for which seat leakage is lim-
ited to a specific maximum amount in the closed position
for fulfillment of their required function(s), as specified
in para. ISTA-1100.
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power-operated relief valve (PORV): a power-operated
valve that can perform a pressure-relieving function and
is remotely actuated by either a signal from a pressure-
sensing device or a control switch. A power-operated
relief valve is not capacity certified under
ASME Section III overpressure protection requirements.

reactor coolant system pressure isolation: that function that
prevents intersystem overpressurization between the
reactor coolant system and connected low pressure
systems.
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ISTC-3000 GENERAL TESTING REQUIREMENTS
ISTC-3100 Preservice Testing

Each valve shall be tested during the preservice test
period as required by this Subsection. These tests shall
be conducted under conditions as near as practicable
to those expected during subsequent inservice testing.
Only one preservice test of each valve is required with
these exceptions.

(a) Any valve that has undergone maintenance that

SUBSECTION ISTC

Reference values shall be established only when the
valve is known to be operating acceptably. If the particu-
lar parameter being measured can be significantly influ-
enced by other related conditions, then these conditions
shall be analyzed.

ISTC-3310 Effects of Valve Repair, Replacement, or
Maintenance on Reference Values. When a valve or its
control system has been replaced, repaired, or has under-
gone maintenance' that could affect the valve’s perform-

could §ffectits performance after the preservice testshall
be tested in accordance with para. ISTC-3310.

(b) $afety and relief valves and nonreclosing pressure
relief devices shall meet the preservice test requirements
of Mahdatory Appendix I of this Division.

(c) Active motor-operated valves (MOV) shall meet
the preservice test requirements of Mandatory
Apperdix III of this Division.

(d) For post-2000 plants, Category D explosively actu-

ated vplves shall be preservice tested as follows:
(1) Verify the operational readiness of the actuation
logic ahd associated electrical circuits for each valve with
its pyftotechnic charge removed from the valve. This
must nclude confirmation that sufficient electrical
parampters (voltage, current, resistance) are available at
the valve from each circuit that is relied upon to actuate
the valve.

(2) Select a sample of at least 20% of the pyrotechnic
charges in all valves to be tested. Test each selected
charge| either in the valve or a qualified test fixture-to
confirm the capability of each sampled charge to previde
the negessary motive force to operate the valveto per-
form ifs intended function without damage'te' the valve
body ¢r connected piping. The sampliftg must include
at leasf one explosively actuated valye\from each redun-
dant safety train.

(3) Resolve any deficienci¢s identified in the opera-
tional feadiness of the actuation logic or associated elec-
trical dircuits or the capability of a pyrotechnic charge.
If a charge fails to fire.0i:its capability is not confirmed,
all charges with thé same batch number shall be
removpd, discarded;“and replaced with charges from a
different batch@tumber that has demonstrated successful
20% sqmpling\of the charges.

ISTC-3R00" Inservice Testing

afree—anew—reference—vatte-shat-be-determined or the
previous value reconfirmed by an inseryice test run
before the time it is returned to service or irhmediately
if not removed from service. This testlis to demonstrate
that performance parameters that-could be jffected by
the replacement, repair, or maintenance pre within
acceptable limits. Deviations(between the pevious and
new reference values shall-be identified andl analyzed.
Verification that the mew values represent|acceptable
operation shall be dectimented in the record pf tests (see
para. ISTC-9120), Safety and relief valves and nonreclos-
ing pressure reljef devices shall be tested as fequired by
the replaceinerit, repair, and maintenance refjuirements
of Mandatory Appendix I of this Division.

Active MOVs shall be tested as requifed by the
replacement, repair, and maintenance requirements of
Mandatory Appendix III of this Division.

ISTC-3320 Establishment of Additiopal Set of
Reference Values. Ifitisnecessary or desiraljle for some
reason, other than stated in para. ISTC-3310, o establish
additional reference values, an inservice tegt shall first
be run at the conditions of an existing set ¢f reference
values, or, if impractical, at the conditions for which
the new reference values are required, and|the results
analyzed. If operation is acceptable in accordance with
the applicable requirements of para. ISTC-51()0, a second
test shall be performed under the new copditions as
soon as practicable. The results of the second test shall
establish the additional reference values.|Whenever
additional reference values are established, the reasons
for doing so shall be justified and documepted in the
record of tests (see para. ISTC-9120).

ISTC-3400 To Be Provided at a Later Date
ISTC-3500 Valve Testing Requirements

Inservice testing in accordance with this Subsection
shall commence when the valves are required to be oper-
able to fulfill their required function(s) (see
para. ISTA-1100).

ISTC-3300 Reference Values

Reference values shall be determined from the results
of preservice testing or from the results of inservice
testing. These tests shall be performed under conditions
as near as practicable to those expected during subse-
quent inservice testing.

23

Active armd-passive vatves T the tategories defined
in para. ISTC-1300 shall be tested in accordance with
the paragraphs specified in Table ISTC-3500-1 and the
applicable requirements of paras. ISTC-5100 and
ISTC-5200.

ISTC-3510 Exercising Test Frequency. Active
Category A, Category B, and Category C check valves

! Adjustment of stem packing, limit switches, or control system
valves, and removal of the bonnet, stem assembly, actuator, obtura-
tor, or control system components are examples of maintenance
that could affect valve performance parameters.
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Table ISTC-3500-1

ASME OM-2012

Inservice Test Requirements

Leakage Test Special Test Position Indication
Category Valve Procedure and Exercise Test Procedure Procedure Verification and
(See ISTC-1300) Function Frequency and Frequency [Note (1)] Frequency
A [Notes (1), 2] Active See para. ISTC-3600 See para. ISTC-3510 None See para. ISTC-3700
[Note (3)] [Note (3)]
A [Note (2)] Passive See para. ISTC-3600 None None See para. ISTC-3700
B [Notes (1), (2)] Active None See para. ISTC-3510 None See para. ISTC-3700
[Note (3)] [Note (3)]
B [Note (2)] Passive None None None See para. ISTC-3700
C (safety and]relief) Active None See paras. ISTC-5230, None See para. ISTE-3700
[Notes (2),|(4)] ISTC-5240
C (check valvp) Active None See para. ISTC-3510 None See para. ISTC-3700
[Notes (2),[(5)]
D Active None None See paras. None
ISTC-5250,
ISTC-5260
NOTES:
(1) Note addjtional requirement for fail-safe valves, para. ISTC-3560.
(2) When mdre than one distinguishing category characteristic is applicable, all requirements of eachlef the individual categories afe appli-
cable, although duplication or repetition of common testing requirements is not necessary.

(3) For activd

(4) Leak test|as required for Mandatory Appendix I.

MOVs, see Mandatory Appendix Il of this Division per para. ISTC-5120.

(5) If a checl valve used for a pressure relief device is capacity certified, then it shall be\classified as a pressure or vacuum relief flevice.
If a checl valve used to limit pressure is not capacity certified, then it shall be classified as a check valve.

shall be exgrcised nominally every 3 mo, except as pro- 16t required if the time period since the previopis full-

vided by paras. ISTC-3520, ISTC-3540, ISTC-3550, stroke exercise is less than 3 mo. During extendefl shut-

ISTC-3570,{ ISTC-5221, and ISTC-5222. Power-operated™~~ downs, valves that are required to perforn their

relief valvds shall be exercise tested once per fuel cycle.  intended function (see para. ISTA-1100) shall be exer-

ISTC-35

. ISTC-3
Category 4
follows:

PO Exercising Requirements

521 Category A and Category-B.Valves.
\ and Category B valves shall’be tested as

cised every 3 mo, if practicable.

(g) valve exercising during cold shutdown shalll com-
mence within 48 hr of achieving cold shutdowyn and
continue until all testing is complete or the plant i ready
to return to operation at power. For extended ofitages,

“(a) full{stroke exercising eof Category A and testing need not be commenced in 48 hr, provifled all
Category B valves during operation at power to the  valves required to be tested during cold shutdoyn will
position(s)|required to fulfill its”function(s). be tested before or as part of plant start-up.

(b) if full-stroke exercising during operation at power
is not pracfficable, it may.be limited to part-stroke during

(h) all valve testing required to be performed [during
a refueling outage shall be completed before refurning

operation| at power. and full-stroke during cold  the plant to operation at power.
shutdowng.
(c) if exdrcising'is not practicable during operation at ISTC-3522 Category C Check Valves. Category C

power, it mjay¢be limited to full-stroke exercising during

check valves shall be exercised as follows:

cold shutdowns.

(d) if exercising is not practicable during operation at
power and full-stroke during cold shutdowns is also not
practicable, it may be limited to part-stroke during cold
shutdowns, and full-stroke during refueling outages.

(e) if exercising is not practicable during operation at
power or cold shutdowns, it may be limited to full-
stroke during refueling outages.

(f) valves full-stroke exercised at cold shutdowns
shall be exercised during each cold shutdown, except
as specified in subpara. ISTC-3521(g). Such exercise is

24

(a) During operation at power, each check valve shall
be exercised or examined in a manner that verifies obtur-
ator travel by using the methods in para. ISTC-5221.

Each check valve exercise test shall include open and
close tests. Open and close tests need only be performed
at an interval when it is practicable to perform both
tests. Test order (e.g., whether the open test precedes
the close test) shall be determined by the Owner. Open
and close tests are not required to be performed at the
same time if they are both performed within the same
interval.
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(b) If exercising is not practicable during operation at
power, it shall be performed during cold shutdowns.

(c) If exercising is not practicable during operation at
power and cold shutdownes, it shall be performed during
refueling outages.

(d) Valves exercised at shutdowns shall be exercised
during each shutdown, except as specified in subpara.
ISTC-3522(e). Such exercise is not required if the interval
since the previous exercise is less than 3 mo. During
extended shutdowns, valves that are required to perform

SUBSECTION ISTC

to be operable, the exercising test schedule need not be
followed. Within 3 mo before placing the system in an
operable status, the valves shall be exercised and the
schedule followed in accordance with requirements of
this Subsection.

ISTC-3600 Leak Testing Requirements

ISTC-3610 Scope of Seat Leakage Rate Test.
Category A valves shall be leakage tested, except that

their intended function (see para. ISTA-1100) shall be
exerciged every 3 mo, if practicable.
(e) Yalve exercising shall commence within 48 hr of

valves-thatfunetioninthe-eonrse-ef-plant-operation in
a manner that demonstrates functionally‘adpquate seat
leak-tightness need not be additionally\leéaKage tested.
In such cases, the valve record shall provide the basis for

achieving cold shutdown and continue until all testing  he conclusion that operational ebservations constitute
is compplete or the plant is ready to return to operation satisfactory demonstration.

at power. For extended outages, testing need not be

commenced in 48 hr, provided all valves required to be ISTC-3620 Containment Isolation Valves| Contain-
tested |during cold shutdown will be tested before or as ment isolation valves with a leakage rate rpquirement

part of plant start-up.

(f) All valve testing required to be performed during
a refugling outage shall be completed before returning
the pldnt to operation at power.

ISTL-3530 Valve Obturator Movement. The neces-
sary valve obturator movement shall be determined by
exercising the valve while observing an appropriate
indicdtor, such as indicating lights that signal the
requir¢d changes of obturator position, or by observing
other dgvidence, such as changes in system pressure, flow!
rate, level, or temperature, that reflects change of obtuta-
tor position.

ISTL-3540 Manual Valves. Manual valves shall be
full-stroke exercised at least once every 2-yr, except
where|adverse conditions’ may require'thé valve to be
tested [more frequently to ensure opérational readiness.
Any increased testing frequency(shall be specified by
the Owner. The valve shall exhibit the required change
of obtiirator position.

ISTC-3550 Valves in.Regular Use. Valves that oper-
ate in the course of plant operation at a frequency that
would satisfy the exercising requirements of this
Subsedtion need not be additionally exercised, provided
that the observations otherwise required for testing are
made gnd@nalyzed during such operation and recorded
in the plant record at intervals no greater than specified

based on Appendix J/program commitment shall be
tested in accordance with the Owner’s 10 CFR 50,
Appendix ] program. Containment isolation yalves with
a leakage requirement based on other functi¢ns shall be
tested in-accordance with para. ISTC-3630. Hxamples of
these othier functions are reactor coolant systgm pressure
isolation valves and certain Owner-defined system func-
tions such as inventory preservation, system|protection,
or flooding protection.

ISTC-3630 Leakage Rate for Other Than Cpntainment
Isolation Valves. Category A valves with a leakage
requirement not based on an Owner’s 10 CFR 50,
Appendix | program, shall be tested to verifly their seat
leakages within acceptable limits. Valve clopure before
seat leakage testing shall be by using the valye operator
with no additional closing force applied.

(a) Frequency. Tests shall be conducted af
every 2 yr.

(b) Differential Test Pressure. Valve seat tepts shall be
made with the pressure differential in the sanpe direction
as when the valve is performing its functiop, with the
following exceptions:

(1) Globe-type valves may be tested with pressure
under the seat.
(2) Butterfly valves may be tested in efther direc-
tion, provided their seat construction is d¢signed for
sealing against pressure on either side.

least once

in para. ISTC-3510.

ISTC-3560 Fail-Safe Valves. Valves with fail-safe
actuators shall be tested by observing the operation of
the actuator upon loss of valve actuating power in accor-
dance with the exercising frequency of para. ISTC-3510.

ISTC-3570 Valves in Systems Out of Service. For a
valve in a system declared inoperable or not required

2 Harsh service environment, lubricant hardening, corrosive or
sediment-laden process fluid, or degraded valve components are
some examples of adverse conditions.

25

(3) Double-disk gate valves may be tested by pres-
surizing between the disks.

(4) Leakage tests involving pressure differential
lower than function pressure differentials are permitted
in those types of valves in which service pressure will
tend to diminish the overall leakage channel opening,
as by pressing the disk into or onto the seat with greater
force. Gate valves, check valves, and globe-type valves,
having function pressure differential applied over the
seat, are examples of valve applications satisfying this
requirement. When leakage tests are made in such cases
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using pressures lower than function maximum pressure
differential, the observed leakage shall be adjusted to
the function maximum pressure differential value. The
adjustment shall be made by calculation appropriate to
the test media and the ratio between the test and func-
tion pressure differential, assuming leakage to be
directly proportional to the pressure differential to the
one-half power.

(5) Valves not qualifying for reduced pressure test-
ing as defined above shall be tested at full maximum

ASME OM-2012

other indications such as use of flow meters or other
suitable instrumentation to verify obturator position.
These observations need not be concurrent. Where local
observation is not possible, other indications shall be
used for verification of valve operation.

Position verification for active MOVs shall be tested
in accordance with Mandatory Appendix III of this
Division.

1CTC. 'H

function pfessure differential.

(c) Seat Leakage Measurement. Valve seat leakage shall
be determined by one of the following methods:

(1) mgasuring leakage through a downstream tell-
tale conne¢tion while maintaining test pressure on one
side of the|valve

(2) mgasuring the feed rate required to maintain
test pressure in the test volume or between two seats
of a gate v3lve, provided the total apparent leakage rate
is charged|to the valve or valve combination or gate
valve seat peing tested and the conditions required by
subpara. I$TC-3630(b) are satisfied

(3) dgtermining leakage by measuring pressure
decay in the test volume, provided the total apparent
leakage rate is charged to the valve or valve combination
or gate vdlve seat being tested and the conditions
required by subpara. ISTC-3630(b) are satisfied

(d) Test Medium. The test medium shall be specified
by the Owper.

(e) Analysis of Leakage Rates. Leakage rate measure-
ments shalll be compared with the permissible leakage
rates specified by the plant Owner for a specific walve
or valve cqmbination. If leakage rates are not-specified
by the Owher, the following rates shall be.permissible:

(1) fofr water, 0.5D gal/min (12.4d ml/s) or
5 gal/min| (315 ml/s), whichever is\less, at function
pressure djfferential

(2) fof air, at function pressure differential, 7.5D
standard f{*/ day (584 std. ccfanin)

where
D ndminal valvessize, in.
d = ndgminal valve size, cm

(f) Corrdctive”Action. Valves or valve combinations
with leakalge(rates exceeding the valves specified by

ion
TITCT oI

Instrumentation accuracy shall be considered when

establishing valve test acceptance criteriay

ISTC-4000 TO BE PROVIDED AT A LATER DATE
ISTC-5000 SPECIFIC TESTING REQUIREMENTS

ISTC-5100 Power-Operated Valves (POVs)

All valves shall be tested in accordance with thq
cable requirements of section ISTC-3000, and as
fied below; except for power-operated control
that only’have a fail-safe safety function.

Fot<power-operated control valves that only
failssafe safety function, the requirements foj
stroke-time measurement testing, the associated
time test acceptance criteria, and any corrective pctions
that would result from stroke-time testing need|not be
met. For these valves, all other applicable requirpments
of section ISTC-3000, and as identified below, shall be
met.

appli-
identi-
valves

have a
valve
stroke-

ISTC-5110 Power-Operated Relief Valves (PORVs).
Power-operated relief valves shall meet the requirpments
of para. ISTC-5100 for the specific Category B valye type
and para. ISTC-5240 for Category C valves.

ISTC-5111 Valve Testing Requirements

(a) Testing shall be performed in the following
sequence or concurrently. If testing in the following
sequence is impractical, it may be performed |out of
sequence, and a justification shall be documented in the
record of tests for each test or in the test plan:

the Owner per subpara. ISTC-3630(e) shall be declared
inoperable and either repaired or replaced. A retest dem-
onstrating acceptable operation shall be performed fol-
lowing any required corrective action before the valve
is returned to service.

ISTC-3700 Position Verification Testing

Valves with remote position indicators shall be
observed locally at least once every 2 yr to verify that
valve operation is accurately indicated. Where practica-
ble, this local observation should be supplemented by
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(1) leakage testing
(2) stroke testing
(3) position indication testing
(b) The pressure-sensing device shall be calibrated in
accordance with the Owner’s quality assurance
program.

ISTC-5112 Leak Testing. Seat tightness of the
PORV shall be verified by leak testing in accordance
with the requirements of Mandatory Appendix I of this
Division.
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ISTC-5113 Valve Stroke Testing

(a) Active valves shall have their stroke times mea-
sured when exercised in accordance with para.
ISTC-3500.

(b) The limiting value(s) of full-stroke time of each
valve shall be specified by the Owner.

(¢) The stroke time of all valves shall be measured to
at least the nearest second.

(d) Any abnormality or erratic action shall be

SUBSECTION ISTC

(e) Before returning a repaired or replacement valve
to service, a test demonstrating satisfactory operation
shall be performed.

ISTC-5120 Motor-Operated Valves Active MOVs
shall meet the requirements of Mandatory Appendix III
of this Division.

ISTC-5130 Pneumatically Operated Valves
ISTC-5131 Valve Stroke Testing

recordpd (see para. ISTC-9120), and an evaluation shall
be magle regarding need for corrective action.

(e) Jtroke testing shall be performed during normal
operating conditions for temperature and pressure if
practidable.

ISTC-5114 Stroke Test Acceptance Criteria. Test
results shall be compared to the reference values estab-
lished [in accordance with para. ISTC-3300, ISTC-3310,
. or IST{-3320.

(a) Yalves with reference stroke times of greater than
10 sec phall exhibit no more than +25% change in stroke
- time when compared to the reference value.

~ (b) Yalves with reference stroke times of less than or
* equal o 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 subpara. ISTC-5114(b). In such cases the
maxinfum limiting stroke time shall be 2 sec.

ISITC-5115 Corrective Action

(a) If a valve fails the applicable leakytest acceptance
criterig, to exhibit the required change.of obturator posi-
tion orjexceeds the limiting values of full-stroke time [see
subpata. ISTC-5113(b)], the valve shall be immediately
declar¢d inoperable.

(b) Yalves with measured stroke times that do not
meet the acceptance criteria of para. ISTC-5114 shall be
immediately retestecdhor declared inoperable. If the valve
is retegted and thesecond set of data also does not meet
the acdeptance’efiteria, the data shall be analyzed within
96 hr t¢ verify that the new stroke time represents accept-
able vdlve,operation, or the valve shall be declared inop-

tr)—Active vatves shatttavetheirstrokefimes mea-
sured when exercised in accordange | ivith para.
ISTC-3500.

(b) The limiting value(s) of full-stteke ti
valve shall be specified by the Owler.

(c) The stroke time of all yalves shall be nfeasured to
at least the nearest seconds

(d) Any abnormality or erratic actiop shall be
recorded (see para. ISE€-9120), and an evalyation shall
be made regarding-heed for corrective actign.

ISTC-5132 Stroke Test Acceptance Crif
results shallbe/compared to the reference v3
lished intacecordance with para. ISTC-3300,
or ISTEG:3320.

(a)>Valves with reference stroke times of greater than
19 sec shall exhibit no more than +25% change in stroke
time when compared to the reference value

(b) Valves with reference stroke times of Jess than or
equal to 10 sec shall exhibit no more than +30% change
in stroke time when compared to the referepce value.

(c) Valves that stroke in less than 2 sec may be
exempted from subpara. ISTC-5132(b). In sug¢h cases the
maximum limiting stroke time shall be 2 sec.

ISTC-5133 Stroke Test Corrective Action

(a) If a valve fails to exhibit the required
obturator position or exceeds the limiting va
stroke time [see subpara. ISTC-5131(b)], the
be immediately declared inoperable.

(b) Valves with measured stroke times that do not
meet the acceptance criteria of para. ISTC-5132 shall be
immediately retested or declared inoperable.|If the valve
is retested and the second set of data also dops not meet
the acceptance criteria, the data shall be analyzed within
96 hr to verify that the new stroke time repres¢nts accept-
able valve operation, or the valve shall be dedlared inop-

me of each

eria. Test
lues estab-
ISTC-3310,

change of
ues of full-
valve shall

erable. I .lllc acuuud set uf et nreets 'Lhc aLLcP'LauLc
criteria, the cause of the initial deviation shall be
analyzed and the results documented in the record of
tests (see para. ISTC-9120).

(c) Valves declared inoperable may be repaired,
replaced, or the data may be analyzed to determine
the cause of the deviation and the valve shown to be
operating acceptably.

(d) Valve operability based upon analysis shall have
the results of the analysis recorded in the record of tests
(see para. ISTC-9120).
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erable. If the second set of data meets the acceptance
criteria, the cause of the initial deviation shall be ana-
lyzed and the results documented in the record of tests
(see para. ISTC-9120).

(c) Valves declared inoperable may be repaired,
replaced, or the data may be analyzed to determine
the cause of the deviation and the valve shown to be
operating acceptably.

(d) Valve operability based upon analysis shall have
the results of the analysis recorded in the record of tests
(see para. ISTC-9120).
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(e) Before returning a repaired or replacement valve
to service, a test demonstrating satisfactory operation
shall be performed.

ISTC-5140 Hydraulically Operated Valves

ISTC-5141 Valve Stroke Testing
(a) Active valves shall have their stroke times mea-
sured when exercised in accordance with para.
ISTC-3500.

(b) The limiting value(s) of full-stroke time of each

ASME OM-2012

ISTC-5150 Solenoid-Operated Valves

ISTC-5151 Valve Stroke Testing

(a) Active valves shall have their stroke times mea-
sured when exercised in accordance with para.
ISTC-3500.

(b) The limiting value(s) of full-stroke time of each
valve shall be specified by the Owner.

(c) Stroke time shall be measured to at least the near-
est second.

valve shalll be specified by the Owner.

(c) The 4troke time of all valves shall be measured to
at least thg nearest second.

(d) Any| abnormality or erratic action shall be
recorded (4ee para. ISTC-9120), and an evaluation shall
be made r¢garding need for corrective action.

ISTC-5142 Stroke Test Acceptance Criteria. Test
results shall be compared to reference values established
in accordgnce with para. ISTC-3300, ISTC-3310, or
ISTC-3320.

(a) Valves with reference stroke times of greater than
10 sec shal] 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 1(] sec shall exhibit no more than +50% change
in stroke time when compared to the reference value.

(c) Valyles that stroke in less than 2 sec may be
exempted from subpara. ISTC-5142(b). In such cases the
maximum [limiting stroke time shall be 2 sec.

ISTC-5[143 Stroke Test Corrective Action

(a) If a yalve fails to exhibit the required change of
obturator fjosition or exceeds the limiting values of full-
stroke tim¢ [see subpara. ISTC-5141(b)], thewalve shall
be immediately declared inoperable.

(b) Valves with measured stroke- times that do not
meet the a¢ceptance criteria of para:-1STC-5142 shall be
immediate]y retested or declarédjinoperable. If the valve
is retested pnd the second set.of data also does not meet
the acceptdnce criteria, théctata shall be analyzed within
96 hr to verfify that the new’'stroke time represents accept-
able valve pperatior, or the valve shall be declared inop-
erable. If the second set of data meets the acceptance
criteria, the cause of the initial deviation shall be ana-
lyzed and fhe results documented in the record of tests

(th—ATy abrormality or erratic actiomn shall be
recorded (see para. ISTC-9120), and an evaluatiegn shall
be made regarding need for corrective action.

ISTC-5152 Stroke Test Acceptance Criterial, Test
results shall be compared to reference'yalues established
in accordance with para. IST€-3300, ISTC-3$10, or
ISTC-3320.

(a) Valves with reference'stroke times of greatpr than
10 sec shall exhibit no mor¢ than +25% change ir{ stroke
time when compared t0) the reference value.

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

(c) Valvesrthat stroke in less than 2 sec rhay be
exempted from subpara. ISTC-5152(b). In such cgses the
maximum limiting stroke time shall be 2 sec.

ISTC-5153 Stroke Test Corrective Action

(a) If a valve fails to exhibit the required chdnge of
obturator position or exceeds the limiting values fof full-
stroke time [see subpara. ISTC-5151(b)], the valye shall
be immediately declared inoperable.
(b) Valves with measured stroke times that do not
meet the acceptance criteria of para. ISTC-5152 ghall be
immediately retested or declared inoperable. If the valve
is retested and the second set of data also does njt meet
the acceptance criteria, the data shall be analyzed|within
96 hr to verify that the new stroke time represents pccept-
able valve operation, or the valve shall be declaredl inop-
erable. If the second set of data meets the accgptance
criteria, the cause of the initial deviation shall e ana-
lyzed and the results documented in the record pf tests
(see para. ISTC-9120).
(c) Valves declared inoperable may be repaired,
replaced, or the data may be analyzed to detprmine
the cause of the deviation and the valve shown to be

han or

(see para. ISTC-9120).

(c) Valves declared inoperable may be repaired,
replaced, or the data may be analyzed to determine
the cause of the deviation and the valve shown to be
operating acceptably.

(d) Valve operability based upon analysis shall have
the results of the analysis recorded in the record of tests
(see para. ISTC-9120).

(e) Before returning a repaired or replacement valve
to service, a test demonstrating satisfactory operation
shall be performed.

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

28

operating acceptably.

(d) Valve operability based upon analysis shall have
the results of the analysis recorded in the record of tests
(see para. ISTC-9120).

(e) Before returning a repaired or replacement valve
to service, a test demonstrating satisfactory operation
shall be performed.

ISTC-5200 Other Valves

ISTC-5210 Manually Operated Valves. Valve testing
shall be in accordance with para. ISTC-3500. If a valve
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fails to exhibit the required change of obturator position,
the valve shall be immediately declared inoperable.
Valves equipped with remote position indication shall
be tested in accordance with para. ISTC-3700.

ISTC-5220 Check Valves

ISTC-5221 Valve Obturator Movement
(a) The necessary valve obturator movement during
exercise testing shall be demonstrated by performing
both an open and a close test.

SUBSECTION ISTC

if sufficient flow cannot be achieved or verified, a sample
disassembly examination program shall be used to ver-
ify valve obturator movement. If maintenance is per-
formed on one of these valves that could affect its
performance, the postmaintenance testing shall be con-
ducted in accordance with subpara. ISTC-5221(c)(4).
The sample disassembly examination program shall
group check valves of similar design, application, and
service condition and require a periodic examination of
one valve from each group. The details and bases of the

(1) Check valves that have a safety function in both
the oppn and close directions shall be exercised by ini-
tiating| flow and observing that the obturator has trav-
eled tq either the full open position or to the position
requiged to perform its intended function(s) (see
para. IFTA-1100), and verify that on cessation or reversal
of flow, the obturator has traveled to the seat.

(2) Check valves that have a safety function in only
the oppn direction shall be exercised by initiating flow
and olserving that the obturator has traveled either the
full open position or to the position required to perform

sampling program shall be documentedand recorded
in the test plan (see para. ISTC-9200).

(1) Grouping® of check valves fot the sample disas-
sembly examination program shallzbe technjfically justi-
fied and shall consider, a§™a minimulm,® valve
manufacturer, design, service, size, materials of con-
struction, and orientation.

(2) During the disassembly process, thq full-stroke
motion of the obturator shall be verified. |Full-stroke
motion of the obtufator shall be reverified ithmediately
prior to compléting reassembly. Check valves” that have

its intgnded function(s) (see para. ISTA-1100), and verify their obturator’ disturbed before full-strokd motion is
closur¢. verified shall be examined to determine if § condition
(3) Check valves that have a safety function in only ~ exists that'could prevent full opening or reclpsure of the

the clgse direction shall be exercised by initiating flow

obturator.

and observing that the obturator has traveled at least (3) At least one valve from each groyp shall be

the paftially open position,” and verify that on cessation . 1disassembled and examined at each refueling outage;

or revgrsal of flow, the obturator has traveled to the seat;«'< all valves in each group shall be disassembled and exam-
Obsérvations shall be made by observing a directindi-*  ined at least once every 8 yr.

cator (¢.g., a position-indicating device) or by other posi- (4) Before return to service, valves that ere disas-

tive mpans (e.g., changes in system pressure, flow rate,
level, {mperature, seat leakage, testing, or monintrusive

sembled for examination or that received njaintenance
that could affect their performance, shall be exercised

testing results). full- or part-stroke, if practicable, with floyv in accor-
(b) If a mechanical exerciser is used\to exercise the dance with para. ISTC-3520.” Those valves shall also be
valve, [the force(s) or torque(s) redquiréd to move the tested for other requirements (e.g., closure yerification

obturajtor and fulfill its safety funetion(s) shall meet the
accepthnce criteria specified by the Owner.*

(1) Exercise test(s) shall\détect a missing obturator,
stickinig (closed or open), binding (throughout obturator
moverent), and the lggs'or movement of any weight(s).
Both an open and €lose test may not be required.

or leak rate testing) before returning them fo service.

ISTC-5222 Condition-Monitoring Program. As an
alternative to the testing or examination refjuirements
of paras. ISTC-3510, ISTC-3520, ISTC-3530, |ISTC-3550,
and ISTC-5221, the Owner may establish af condition-
monitoring program. The purpose of this program is

_(2 Acce.pta.nce criteri.a sh.all consider the specific  poth to improve valve performance® and fo optimize
designl, application, and historical performance.

(3) If dmpracticable to detect a missing obturator % Maintenance and modification history should be fonsidered in
or the[ 195§ or movement of any weight(s) using a  the grouping process.

mechanical exerciser, other positive means may be used
[e.g., seat leakage tests and visual observations to detect
obturator loss and the loss or movement of external
weight(s), respectively].

(c) If the test methods in subparas. ISTC-5221(a) and
ISTC-5221(b) are impractical for certain check valves, or

® The partially open position should correspond to the normal
or expected system flow.

41f practicable, the force(s) or torque(s) required to move the
obturator and fulfill any nonsafety function should be evaluated
to detect abnormality or erratic action for corrective action.

29

& Vatve 51Uuyh 124 shoutdtatsoconsider Putcutial flo instabilities,
required degree of disassembly, and the need for tolerance or criti-
cal dimension checks.

7 Examples are spring-loaded lift check valves, or check valves
with the obturator supported from the bonnet.

8 Examples of candidates for improved valve performance are
check valves that

(a) have an unusually high failure rate during inservice testing
or operations

(b) cannot be exercised under normal operating conditions or
during shutdown

(c) exhibit unusual, abnormal, or unexpected behavior during
exercising or operation, or

(d) the Owner elects to monitor for improved valve performance.
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testing, examination, and preventive maintenance activ-
ities” in order to maintain the continued acceptable per-
formance of a select group of check valves. The Owner
may implement this program on a valve or a group of
similar valves. The program shall be implemented in
accordance with this Division’s Mandatory Appendix II,
Check Valve Condition-Monitoring Program. If the con-
dition-monitoring program for a valve or valve group is
discontinued, then the requirements of Subsection ISTC
shall apply.

ASME OM-2012

of para. ISTC-5220 and Mandatory Appendix I of this
Division.

ISTC-5240 Safety and Relief Valves. Safety and relief
valves shall meet the inservice test requirements of
Mandatory Appendix I of this Division.

ISTC-5250 Rupture Disks. Rupture disks shall meet
the requirements for nonreclosing pressure relief devices
of Mandatory Appendix I of this Division.

ISTC-5p23 Series Valves in Pairs’® If two check
valves are fin a series configuration without provisions
to verify ipdividual reverse flow closure (e.g., keepfill
pressurizdtion valves) and the plant safety analysis
assumes clpsure of either valve (but not both), the valve
pair may He operationally tested closed as a unit.

If the plant safety analysis assumes that a specific
valve or bpth valves of the pair close to perform the
safety fundtion(s), the required valve(s) shall be tested
to demonstrate individual valve closure.

ISTC-5R24 Corrective Action. If a check valve fails
to exhibit the required change of obturator position, it
shall be ddclared inoperable. A retest showing accept-
able perfofmance shall be run following any required
corrective fction before the valve is returned to service.

Check valves in a sample disassembly program that
are not capable of full-stroke movement (i.e., due to
binding) of have failed or have unacceptably degraded
valve interhals, shall have the cause of failure analyzed
and the copdition corrected. Other check valves in(the
sample grqup that may also be affected by thi¢ failure
mechanisn shall be examined or tested during the same
refueling dutage to determine the condition\of internal
components and their ability to functjon.”}

Series vdlve pairs tested as a unit.in~accordance with
para. IST(3-5223 that fail to preyent-teverse flow shall
be declaredl inoperable, and betlr-valves shall be either
repaired of replaced.

ISTC-52B0 Vacuum Breaker Valves. Vacuum break-
ers shall mpet the applicable inservice test requirements

° Examples| of éandidates for optimization of testing, examina-
tion, and prgventive maintenance activities are check valves with

ISTC-5260 Explosively Actuated Valves
(a) A record of the service life of each charge’n each
valve shall be maintained. This record shallinclyde the
date of manufacture, batch number, installation date,
and the date when service life expiresbased on mgnufac-
turer’s recommendations. In no’case shall the service
life exceed 10 yr.
(b) Concurrent with the(fiyst test and at leagt once
every 2 yr, the service life records of each valve dhall be
reviewed to verify that'the service lives of the ¢harges
have not been exceéded and will not be exceeded|before
the next refueling./The Owner shall take apprppriate
actions to ensure charge service lives are not exdeeded.
(c) Atleast20% of the charges in explosively a¢tuated
valves shall be fired and replaced at least oncg every
2 yr. if\a charge fails to fire, all charges with thp same
batch number shall be removed, discarded, and rgplaced
with charges from a different batch.
(d) Replacement charges shall be from batchgs from
which a sample charge shall have been tested satsfacto-
rily and with a service life such that the requirpments
of subpara. ISTC-5260(b) are met.
(e) In addition to the requirements specified in
Table ISTC-3500-1 (including requiremepts in
ISTC-5260), post-2000 plants shall satisfy the following
requirements for explosively actuated valves aftgr com-
mencement of commercial operation:
(1) At least once every 2 yr, each valve shall
undergo visual examination of external surfaces and
internal surfaces and parts.
(a) Visual examination shall include documenta-

tion of the presence of fluids or other contamingnts.
(b) Any identified fluids or other contaminants
within the internal mechanism that could pot¢ntially
interfere with the function of the valve shall be refnoved,

documented au.cyl.a‘u}c Pcuruuualu_c theert

(a) have had their performance improved under the Condition
Monitoring Program

(b) cannot be exercised or are not readily exercised during nor-
mal operating conditions or during shutdown

(c) can only be disassembled and examined, or

(d) the Owner elects to optimize all of the associated activities
of the valve group in a consolidated program.

10 1STC-5223 is only applicable to pre-2000 plants whose construc-
tion permit was issued January 1, 2000, or earlier.

' An evaluation should be made to determine if there are valves
outside of the sampling group that could be affected by the failure
mechanism. Valves that are determined to be directly affected by
the failure mechanism should be examined or tested.

30

and their presence shall be evaluated to determine the
impact on the operational readiness of the valve and its
actuator.

(¢) This examination shall include verification of
the initial operating position of the internal actuating
mechanism.

(d) Proper operation of remote position indica-
tors shall be confirmed.

(2) At least once every 2 yr, one valve of each size
shall be disassembled for internal examination of the
valve and actuator.

(12)
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(a) This examination will verify the operational
readiness of the valve assembly by evaluating the inter-
nal components for their operational functionality,
ensuring the integrity of individual components, and
removing any foreign material, fluid, or corrosion in
accordance with the Owner’s examination procedures.

(b) All valves shall be disassembled for internal
examination at least once every 10 yr.

(3) For the valves selected in the test sample for
subpara. ISTC-5260(c), the operational readiness of the

SUBSECTION ISTC

ISTC-6000 MONITORING, ANALYSIS, AND
EVALUATION

ISTC-7000 TO BE PROVIDED AT A LATER DATE

ISTC-8000 TO BE PROVIDED AT A LATER DATE

ISTC-9000 RECORDS AND REPORTS

ISTC-9100 Records

actuatjon logic and associated electrical circuits must be
verifiefl for each sampled valve following removal of its
chargel This verification must include confirmation that
suffici¢nt electrical parameters (voltage, current, resist-
ance) are available for each actuation circuit.

(4) For the valves selected in the test sample for
subpata. ISTC-5260(c), the sampling must select at least
one eXplosively actuated valve from each redundant
safety frain every 2 yr. Each sampled pyrotechnic charge
shall He tested in the valve or a qualified test fixture
to confirm the capability of the charge to provide the
necesspry motive force to operate the valve to perform
its intgnded function without damage to the valve body
or conpected piping.

(5) Corrective action shall be taken in accordance
with the Owner’s corrective action requirements to
resolve any deficiencies identified.

(a) during examinations with postmaintenance
testing conducted in accordance with subpara.
ISTC-3100(d)

(b) in the capability of a pyrotechnic charge in
accordpance with subpara. ISTC-3100(d) or

(c) in the actuation logic or associated electrical
circuity

(6} If deficiencies are identified that'would prevent
specifipd operation, the valve shall'be-declared inopera-
ble in fccordance with the Owner’srequirements. Defi-
ciencipes shall be addressed for other explosively
actuat¢d valves, such as bydhtetnal examination or pyro-
techni¢ charge and circuitry testing, as applicable, with
appropriate actions based on those findings. Postmainte-
nance [testing shall be conducted in accordance with
subpata. ISTC-3100(d).

ISTC-9110 Valve Records. The Owner shqll maintain
a record that shall include the following\fof{each valve
covered by this Subsection:

(a) the manufacturer and manufacturer’s
serial or other unique identifigation numbe

(b) a copy or summary of the manufacturpr’s accept-
ance test report if available

(c) preservice test restilts

(d) limiting valué of full-stroke time specified in sub-
paras. ISTC-5113(b), ISTC-5131(b), ISTC-5141(b), and
ISTC-5151(b)

model and

ISTC-9120 Record of Tests. See para. ISTA-9230.

ISTC-9130 Record of Corrective Action.| See para.
ISTA=9240.
ISTC-9200 Test Plans
In addition to the requirements of para.|ISTA-3110,

the Owner shall maintain a record of test plarjs that shall
include the following:
(a) category of each valve
(b) justification for deferral of stroke testifg in accor-
dance with para. ISTC-3520
(c) details and bases of the check valve sapnple disas-
sembly examination program, such as groupiing charac-
teristics, frequency, and justification for not performing
an exercise test to at least a partially open pdsition after
reassembly or periodic exercising in accor¢lance with
para. ISTC-3520
(d) bases for testing series check valve pajrs as a unit
in accordance with para. ISTC-5223
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Subsection ISTD
Preservice and Inservice Examination and Testing of Dynamic

Restraints (Snubbers) in Light-Water Reactor Nuclear
Power Plants

ISTD-100(
ISTD-1100
The reqy
dynamic r¢
ISTD-1]

structures
Code!

ISTD-1

ISTD-1

ISTD-1400,

In additi
is the Owr

(a) makd
necessary
testing pro
a list of ty]

(b) ident
examined 4
Subsection|

INTRODUCTION
Applicability
irements of this Subsection apply to certain
straints (snubbers, pin to pin, inclusive).

10 Exclusions. Examination of support
hnd attachments is outside the scope of this

P00 REDESIGNATED AS ISTD-1400(a)

300 REDESIGNATED AS ISTD-9300(a)

Owner’s Responsibility

on to the requirements of para. ISTA-1500, it
er’s responsibility to

available design and operating information
or the performance of the examination and
gram. Nonmandatory Appendix C ¢ontains
pical information that may be useful.
ify and maintain a list of each.$nubber to be
nd tested in accordance with the rules of this

(c) specify acceptance criteria~for’ examination and

testing.
ISTD-1500

Snubber
dance with
Vessel Cod

Snubber Maintenance or Repair

repair activitiesishall be performed in accor-
Section Xl-of the ASME Boiler and Pressure
e, as applicable.

ISTD-

1510 ‘Maintenance or Repair Before

of para. ISTD-5120 before returning to service. Ad
ally, the requirements of para. ISTD-4110 shall |
The requirements selected shall enstire‘that the p
ters that may have been affected are verified to be
able by suitable examinationeaiid tests.?

dition-
e met.
Arame-
hccept-

ISTD-1600 Snubber Modification and Replacement

Snubber replacement activities shall be perfor
accordance with Section XI of the ASME Boill
Pressure Vessel'Code, as applicable.

ISTD-1610'Suitability. Replacement or m
snubber(s) shall have a proven suitability for the a|
tion and’environment.

ISTD-1620 Examination and Testing. Repla
or“modified snubbers shall be examined and te|

med in
er and
dified
pplica-

rement
sted in

accordance with written procedures. The appllicable

requirements of paras. ISTD-4100, ISTD

-4200,

ISTD-5200, and ISTD-5500 shall be included i these

procedures. The requirements selected shall enst
the criteria of paras. ISTD-4110, ISTD-423
ISTD-5210 can be satisfied.

ISTD-1700 Deletions of Unacceptable Snubber:

Snubbers may be deleted from the plant ba
analysis of the affected piping system. When a
ceptable snubber is deleted, the deleted snubbe
nevertheless be considered in its respective exam
population, examination category, or failure
group (FMG) for determining the corrective act

re that
D, and

D

sed on
| unac-
r shall
nation

mode
on.

ISTD-1750 Transient Dynamic Event. If an unantici-

pated system transient dynamic event (e.g., wate

r ham-

Examination or-Testing. Snubbers shall not be adjusted,
maintainejmm’wmmmﬁmum
specifically to meet the examination or test
requirements.

ISTD-15

20 Post-Maintenance or Repair Examination

and Testing. Snubbers that are maintained or repaired
by removing or adjusting a snubber part that can affect

the results
tested in a

of tests required by para. ISTD-5120 shall be
ccordance with the applicable requirements

1 Examination requirements for support structures and attach-

ments can be
Vessel Code.
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readiness occurs and is identified outside the sco

ational
pe and

performance of para. ISTD-4200 or ISTD-5200, then the
affected snubbers and systems shall be reviewed and

2 Examples of parts and activities that can affect the test results

of para. ISTD-5120 are as follows:

(a) mechanical or hydraulic snubber internal moving parts
(b) hydraulic snubber internal seals (i.e., where bypass can affect

test results)

(c) activities that can permit air to be entrapped in the main

cylinder or the control valve of a hydraulic snubber
(d) hydraulic control valve adjustment
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any appropriate corrective action taken. Any action so
taken shall be considered independent of the require-
ments of paras. ISTD-4200 and ISTD-5200.

ISTD-1800 Supported Component(s) or System
Evaluation

An evaluation shall be performed of the system(s) or
components of which an unacceptable snubber is a part,

for possible damage to the supported system or
nent

SUBSECTION ISTD

normal operating conditions: operating conditions during
reactor startup, operating at power, hot standby, reactor
cooldown, and cold shutdown.

operating temperature: the temperature of the environ-
ment surrounding a snubber at its installed plant loca-
tion during the phase of plant operation for which the
snubber is required.

operational readiness testing: measurement of the parame-
ters that verify snubber operational readiness.

comp

ISTD-2000 DEFINITIONS

The ffollowing list of definitions is provided to ensure
a unifprm understanding of selected terms as used in
this Sybsection.

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

application-induced failures: failures resulting from envi-
ronmehtal conditions or application of the snubber for
which[it has not been designed or qualified.

defined|test plan group (DTPG): a population of snubbers
from which samples are selected for testing.

design or manufacturing failure: failures resulting from a
potentjal defect in manufacturing or design that give
cause fo suspect other similar snubbers. This includes
failurep of any snubber that fails to withstand the énvi-
ronmept or application for which it was designed:

diagnogtic testing: testing to determine the caise or mech-
anism associated with failure, degradation, or perform-
ance ahomaly of a snubber.

drag fofce: the force that will sustair{ Iow-velocity snubber
moverent without activation threughout the working

release rate: the rate of the axial snubber movement under
a specified load after activation of the“snybber takes
place.

replacement snubber: any snubber ether than the snubber
immediately previously installed) at a given|location.

service life: the period of time an item is gxpected to
meet the operational readiness requiremerjts without
maintenance.

service life population;those snubbers for whi¢h the same

service life has(been established.

swing clearance’ the movement envelope within which
the snubber'must operate without restrictiop, from the
cold installed position to the hot operating [position.

test-temperature: the temperature of the envirqnment sur-
rounding the snubber at the time of the tesf.

transient dynamic event failure: inability of a [snubber to
perform its intended function due to an unpnticipated
transient dynamic event.

unacceptable snubbers: snubbers that do not mpeet exami-
nation or testing requirements.

unexplained failure: failure for which the cayise has not
been determined.

ISTD-3000 GENERAL REQUIREMENTS

range pf the snubber stroke( ISTD-3100 General Examination Requirements
failure fnode group (FMG):\a group of snubbers that have The following requirements apply to both|the preser-
failed ¢nd those othersnubbers that have similar poten- vice and inservice examination programs.
tial foq similar faildre. L

. ) ) ) ) ) ISTD-3110 Examination Boundary. The ekamination
hy dmy s nubl?ers: dynamic restraint quIC?S in which  poundaries shall include the snubber assemblly from pin
load i transmitted through a hydraulic fluid. to pin, inclusive.

inaccespible snubbers: snubbers that are in a high radiation
| other-conditions-thatwowldrenderitimpracteal
area of b wonldrenderitimpractical

ISTD-3120 Visual Examination. Snubbdrs shall be

for the snubbers to be examined under normal plant
operating conditions without exposing plant personnel
to undue hazards.

maintenance, repair, and installation-induced failures: fail-
ures that result from damage during maintenance,
repair, or installation activities, the nature of which
causes other snubbers to be suspect.

mechanical snubbers: dynamic restraint devices in which
load is transmitted entirely through mechanical
components.

33

visually examined as specified in para. ISTD-4000.

ISTD-3200 General Testing Requirements

The following requirements apply to both the preser-
vice and inservice testing programs.

ISTD-3210 Operational Readiness Testing Loads.
Snubbers shall be tested at a load sufficient to verify
the test parameters specified in paras. ISTD-5100 and
ISTD-5200, ISTD-5300, or ISTD-5400 and ISTD-5500.
Testing at less than rated load must be correlated to test
parameters at rated load.

(12)
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SUBSECTION ISTD

ISTD-3220 Test Correction Factors. This Subsection
recognizes that there may be differences between the
installed operating conditions and the conditions under
which a snubber is tested. In such cases, correction fac-
tors shall be established and test results shall be corre-
lated to operating conditions, as appropriate.

ISTD-3230 Snubber Test Parameters and Methods.
Guidelines for establishing snubber functional test
methods are given in this Division’s Nonmandatory

ASME OM-2012

ISTD-4130 Preservice Thermal Movement
Examination Requirements. Snubber thermal move-
ment shall be verified as indicated in paras. ISTD-4131
through ISTD-4133.

ISTD-4131 Incremental Movement Verification.
During system heatup and cooldown at temperature
plateaus specified by the Owner, record the thermal
movement. Verify that the snubber movement during
the thermal movement examination is within the design-

Appendix [H, Test Parameters and Methods.

ISTD-3300 General Service Life Monitoring
Requiremefts. Service life of snubbers shall be estab-
lished and|monitored per para. ISTD-6000.

ISTD-400Q SPECIFIC EXAMINATION

REQUIREMENTS

ISTD-4100| Preservice Examination

ISTD-41j10 Preservice Examination Requirements.

A preservice examination shall be performed on all
snubbers dluring initial plant startup. For new and modi-
fied systenys, preservice examination shall be performed
after placirlg the systems in service. For operating plants
implementfing Subsection ISTD, these requirements shall
not be appllicable if preservice examinations have been
performed| Typical items to be considered are listed in
Nonmandgtory Appendix B of this Division. The initial
examinatidn shall, as a minimum, verify the following:

(a) no vikible signs of damage or impaired opefational
readiness|exist as a result of storage, handling, or
installatiorf.

(b) theshubberload rating, location,erientation, posi-
tion setting, and configuration (e.g., ‘attachments and
extensions) are in accordance with-design drawings and
specificatigns. Installation records” (based on physical
examinatipns) of verification\that the snubbers were
installed adcording to the design drawings and specifica-
tions shall[be acceptable_in meeting this requirement.

(c) adequate swing clearance is provided to allow
snubber mpvement:

(d) if applicable, fluid is at the recommended level,
and fluid ik i

(e) structural connections, such as pins, bearings,
studs, fasteners, lock nuts, tabs, wire, and cotter pins,
are installed correctly.

ISTD-4120 Reexamination. If the period between
the preservice examination and initial system preopera-
tional test exceeds 6 mo, reexamination shall be per-
formed in accordance with subparas. ISTD-4110(a),
ISTD-4110(d), and ISTD-4110(e). This reexamination
may be accomplished in conjunction with para.
ISTD-4130.

o N 1. ) ; ; .
SpecHIearange 7ty diScrepancres—or—mconsistencies
shall be evaluated to determine the movement fccept-
ability before proceeding to the next specified pllateau.

ISTD-4132 Swing Clearance. Veérify that[swing
clearance exists at specified heatup and cooldown
plateaus.

ISTD-4133 Total Movemeént Verification. The total
thermal movement from cold to hot at full opprating
temperature shall be reéorded. This value may be mea-
sured directly if maximtim operating temperatyre was
attained, or it may-be extrapolated from lower tempera-
ture readings. The“cold or hot position setting ghall be
evaluated andadjusted if necessary, to ensure adequate
snubber clearance from fully extended or refracted
positions:

ISTD-4140 Preservice Examination Corfective
Action. Snubbers that are installed incorrectly of other-
wise fail to meet the requirements of para. ISTD-4110
shall be installed correctly, adjusted, repaired, or
replaced. The installation-corrected, adjusted, repaired,
or replacement snubber shall be examined in accordance
with, and shall meet the requirements of| para.
ISTD-4110. Also, replacement snubbers shall mget the
requirements of para. ISTD-5120.

ISTD-4200 Inservice Examination

Snubbers shall be visually examined on the rgquired
schedule and evaluated to determine their operptional
readiness.

ISTD-4210 Method and Objective. Inservice exami-
nation shall be a visual examination to identify physical
damage, leakage, corrosion, or degradation that may
have been caused by environmental expos

examined. An examination checklist shall be used. Typi-
cal items are listed in Nonmandatory Appendix B of
this Division.

ISTD-4220 Snubber Categorization

(a) All of the snubbers shall be categorized as one
population for examination or they may be categorized
as accessible and inaccessible populations.

(b) The decision to categorize the snubbers as one
population or as separate populations may be made
during or after the examination.
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(c) If combining accessible and inaccessible popula-
tions into one population, the shorter interval shall be
used for subsequent examination.

ISTD-4230 Visual Examination Requirements. Snub-
ber installations shall meet all of the requirements of
paras. ISTD-4231 through ISTD-4233.

ISTD-4231 Restrained Movement. Snubbers shall
be installed so they are capable of restraining movement
when activated. Examinations shall include observa-
tions for the following and the conditions shall be evalu-
ated when found:

(a) Ipose fasteners, or members that are corroded or
defornmped

(b) dlisconnected components or other conditions that
might [interfere with the proper restraint of movement

Snupbers evaluated to be incapable of restraining
moverhent shall be classified unacceptable.

D-4232 Thermal Movement. Snubber installa-
tions ghall not restrain thermal movement to an extent
that ujacceptable stresses could develop in the snubber,
the pie, or other equipment that the snubber is designed
to profect or restrain. This requirement is satisfied if no
indicafion of binding, misalignment, or deformation of
the snfibber is observed.

D-4233 Design-Specific Characteristics. Snub-
bers sHall be free of defects that may be generic to partic,
ular d¢signs as may be detected by visual examinatjon.
For example, fluid supply or content for hydraulic snitb-
bers shall be observed. An observation that. the fluid
level ig equal to or greater than the minimum specified
amounjt that is sufficient for actuation at-itS"operating
extensjon is considered to satisfy this tequirement. If
the flujd is less than the minimum amount, the installa-
tion shall be identified as unacceptable, unless a test
establishes that the performance of the snubber is within
specifipd limits. Tests shall-be performed in accordance
with plara. ISTD-5210.

ISTD-4240 Operational Readiness Test Evaluation.
A snuBber that requires further evaluation or is classified
as undcceptable- during inservice examination may be
tested|in aecordance with the requirements of para.
ISTD-§210-Results that satisfy the operational readiness
test critetia of para. ISTD-5210 shall be used to accept

SUBSECTION ISTD

ISTD-4252 Subsequent Examination Intervals

(a) Subsequent examination intervals shall begin at
the end of the previous examination interval, and con-
clude at the end of the next refueling outage.

(b) Intervals prior to the completion of the second
refueling outage shall not exceed one fuel cycle in
duration.

(c) The duration of examination intervals following
the completion of the second refueling outage shall be
in rdance with Table ISTD-4252-1. Examples of the
application of Table ISTD-4252-1 arerpfovided in
Nonmandatory Appendix G.

(d) When examinations have beén performed after
the first refueling outage in accordance with|a schedule
requirement other than those in Table ISTD14252-1, the
interval preceding the most(recently complgted exami-
nation shall be used as the.previous interval [for the first
application of Table ISFD-4252-1.

(e) Snubbers determiined to be unacceptablle based on
the visual examination acceptance criteria gt any time
during the interval shall be counted in detefmining the
subsequent)éxamination interval in accordlance with
Table ISTD-4252-1.

ISTD-4260 Inservice Examination Sample Size.
Insetvice examination of snubbers required by paras.
ISTD-4251 and ISTD-4252 shall include all snubbers
based either on the whole population or on fhe accessi-
bility categories, as established according tq the provi-
sions of para. ISTD-4220.

ISTD-4270 Inservice Examination Failure
Evaluation. Snubbers that do not meet examination
requirements of para. ISTD-4230 shall be eyaluated to
determine the cause of the unacceptability.

ISTD-4280 Inservice Examination Correctiye Action.
Unacceptable snubbers shall be adjusted, reppired, mod-
ified, or replaced. Additional action regarding the exam-
ination interval shall be taken as indicated in
Table ISTD-4252-1.

ISTD-5000 SPECIFIC TESTING REQUIREi\tENTS
ISTD-5100 Preservice Operational Readine

ISTD-5110 General. Preservice operatipnal readi-

s Testing

the snubber, provided the test demonstrates that the
unacceptable condition did not affect operational
readiness.

ISTD-4250 Inservice Examination Intervals

ISTD-4251 Initial Examination Interval. The initial
examination interval of snubbers shall begin no sooner
than 2 mo after attaining 5% reactor power operation
and shall be completed by the end of first refueling
outage. The initial interval shall not extend longer than
24 mo after attaining 5% reactor power operation.

Tiess testing sttt be performed o atismubbers. Testing
may be performed at the manufacturer’s facility.

ISTD-5120 Test Parameters.
following;:

(a) activation is within the specified range of velocity
or acceleration in tension and in compression.

(b) release rate, when applicable, is within the speci-
fied range in tension and in compression. For units spe-
cifically required not to displace under continuous load,
ability of the snubber to withstand load without
displacement.

Tests shall verify the
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Table ISTD-4252-1 Visual Examination Table

Number of Unacceptable Snubbers

Column A Column B Column C
Population or for Extended for Interval Same for Interval
Category Interval as Previous Reduction to %
[Note (1)] [Notes (2), (3)] [Notes (2), (4), (5)] [Notes (2), (5), (6)]
1 0 0 1
80 0 0 2
100 0 1 4
200 2 5 13
300 5 12 25
400 8 18 36
500 12 24 48
750 20 40 78
>1000 29 56 109
NOTES:

(1) Interpolation between population or category sizes and the number of unacceptahlesnubbers is
permissible. The next lower integer shall be used when interpolation results inc fraction.

(2) The basic interval shall be the normal fuel cycle up to 24 mo. The examinatiof‘interval may be as
great as twice, the same, or as small as fractions of the previous interval{as required by the follow-
ing notes. The examination interval may vary +25% only to accommodate an extended outage or
an unplanned event during the examination interval. The £25% variance is specifically not to be
used to extend an examination for an additional refueling cycle.

(3) If the number of unacceptable snubbers is equal to or less than.the number in Column A, then the
next examination interval may be increased to twice the previous examination interval, not to
exceed 48 mo [£25% of the current interval as defined incNote (2) above]. In that case, the next
examination according to the previous interval may bewskipped.

(4) If the number of unacceptable snubbers exceeds thé’number in Column A, but is equal to or less
than the number in Column B, then the next visual examination shall be conducted at the same
interval as the previous interval.

(5) If the number of unacceptable snubbers exceeds the number in Column B, but is equal to or less
than the number in Column C, then the hext examination interval shall be decreased to two-thirds
of the previous examination interval or“in accordance with the interpolation between Columns B
and C, in proportion to the exact number of unacceptable snubbers.

(6) If the number of unacceptable_shubbers exceeds the number in Column C, then the next examina-
tion interval shall be decreased to two-thirds of the previous interval.

(c) for mechanical snubbers, drag force is within spec-
ified limitd in tensiefy and in compression.

(d) for hydraulie snubbers, if required to verify proper
assembly, drag force is within specified limits in tension
and in conpression-

replacement, or other appropriate means.

ISTD-513

ISTD-5133 Other Deficiencies. Other defig
shall be resolved by adjustment, modification,

iencies
repair,

modi-

ISTD-5130 Preservice Operational Readiness Testing
Failures Corrective Action

ISTD-5131 Test Failure Evaluations. Snubbers that
fail the preservice operational readiness test shall be
evaluated for the cause(s) of failure(s).

ISTD-5132 Design Deficiency. If a design defi-
ciency in a snubber is found, it shall be corrected by
changing the design or specification, or by other appro-
priate means.
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fied, repaired, or replacement snubbers shall be tested
to meet the requirements of para. ISTD-5120.

ISTD-5200 Inservice Operational Readiness Testing

Snubbers shall be tested for operational readiness dur-
ing each fuel cycle as defined in para. ISTD-5240. Tests
are required to be in accordance with a specified sam-
pling plan as defined in para. ISTD-5260. Testing shall be
performed during normal system operation, or during
system or plant outages. The Owner’s administrative
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procedures shall govern removing snubbers from opera-
ble system(s). For each snubber determined to be unac-
ceptable by operational readiness testing, additional
snubbers shall be tested in accordance with
para. ISTD-5320 or ISTD-5420, as applicable.

ISTD-5210 Test Parameters. Snubber operational
readiness tests shall verify the following;:

(a) activation is within the specified range of velocity
or acceleration in tension and in compression.

SUBSECTION ISTD

ISTD-5230 DELETED

ISTD-5240 Test Frequency. Tests of snubbers from
the facility shall be performed every fuel cycle. Snubber
testing may begin no earlier than 60 days before a sched-
uled refueling outage.

ISTD-5250 Defined Test Plan Group (DTPG)
ISTD-5251 DTPGs General Requirement. The

(b) yeteaseTate, wiern dPP‘liLd‘Ult:, Tswithirthe SpeC=
fied rahge in tension and in compression. For units spe-
cificallly required not to displace under continuous load,
ability of the snubber to withstand load without
displagement.

(c) :Ei mechanical snubbers, drag force is within spec-
ified lijmits, in tension and in compression.

ISTD-5220 Test Methods

ISTD-5221 Test as Found. Snubbers shall be tested
in theif as-found condition regarding the parameters to
be tested to the fullest extent practicable.

ISTD-5222 Restriction. Test methods shall not
alter the condition of a snubber to the extent that the
results|do not represent the as-found snubber condition.

D-5223 In-Place Test. Snubbers may be tested
in theif installed location by using Owner-approved test
methofls and equipment.

D-5224 Bench Test. Snubbers may be remoyved
and bgnch tested in accordance with Owner-approved
procedures. After reinstallation, the snubbers shall meet
the rgquirements of subparas. ISTD-4140(a) and
ISTD-4110(c) through ISTD-4110(e). Also, the position
setting shall be verified.

D-5225 Subcomponent Test. When snubber
size, t¢st equipment limitatiens,/or inaccessibility pre-
vents Yse of methods in paras:-ISTD-5223 and ISTD-5224,
snubb¢r subcomponents thdt control the parameters to
be verlfied shall be examiined and tested in accordance
with Qwner-approved test methods. Reassembly shall
be in afcordance With approved procedures that include
equirements of subparas. ISTD-4110(a),
110(d); and ISTD-4110(e). Service life monitoring
requir¢gments are specified in para. ISTD-6400.

DTPGs shall include all snubbers exceptyrgplacement
snubbers and snubbers repaired or adjusted as a result
of not meeting the examination acceptance refjuirements
of para. ISTD-4200. These snubbers.shall be jexempt for
the concurrent test interval.

ISTD-5252 DTPG Alterniatives. Except hs required
by para. ISTD-5253, the-total snubber popylation may
be considered one DTRG/or alternatively, differences in
design, applicationj:size, or type may be copsidered in
establishing DTPGs:

ISTD-5253 Additional DTPG Requir¢ments for
Pressurized“Water Reactors. Snubbers atta¢hed to the
steam, generator and snubbers attached to [the reactor
coolant'pump shall be at least one, separatqg DTPG.

ISTD-5260 Testing Sample Plans

ISTD-5261 Sample Plans. The snubbg¢rs of each
DTPG shall be tested using either of the following:
(a) the 10% testing sample plan
(b) the 37 testing sample plan
Nonmandatory Appendix D of this Divisipn includes
a comparison of sample plans. Snubber tepting plans
are presented in flowchart form in Nonmpandatory
Appendix E of this Division.

ISTD-5262 Plan Selection. A test plan shall be
selected for each DTPG before the scheduled testing
begins.

ISTD-5263 Plan Application. The test plan selected
for a DTPG shall be used throughout the refueling out-

age tests for that DTPG and any failure mode group
(FMG) that is derived from it.

ISTD-5270 Continued Testing. For unjacceptable
snubber(s), the additional testing shall conffinue in the

ISTD-5226 Correlation of Indirect Measurements.
When test methods are used that either measure parame-
ters indirectly, or measure parameters other than those
specified, the results shall be correlated with specified
parameters through established methods.

ISTD-5227 Parallel and Multiple Installations.
Each snubber in a parallel or multiple installation shall
be identified and counted individually.

ISTD-5228 Fractional Sample Sizes. Fractional
sample sizes shall be rounded up to the next integer.
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DTPGor FMG per para. ISTD-5330 or ISTD-5430.

ISTD-5271 Test Failure Evaluation. Snubbers that
do not meet test requirements specified in para.
ISTD-5210 shall be evaluated to determine the cause of
the failure.

(a) The evaluation shall include review of information
related to other unacceptable snubbers found during
testing that refueling outage.

(b) The evaluation results should be used, if applica-
ble, to determine FMGs to which snubbers may be
assigned. Evaluation information may be used to assign
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previously unexplained unacceptable snubbers to an
appropriate FMG.

ISTD-5272 FMGs. Snubbers found unacceptable
according to operational readiness test requirements
may be assigned to FMGs. FMGs shall include all unac-
ceptable snubbers with the same failure mode and all
other snubbers with similar potential for similar failure.
The following FMGs should be considered:

(a) design or manufacturing

ASME OM-2012

(a) As practicable, the sample shall include represen-
tation from the DTPG based on the significant features
(i.e., the various designs, configurations, operating envi-
ronments, sizes, and capacities) and based on the ratio
of the number of snubbers of each significant feature,
to the total number of snubbers in the DTPG. Selection
of the representative snubbers shall be random.

(b) The sample shall be generally representative as
specified in subpara. ISTD-5311(a), but may also be
selected from snubbers concurrently scheduled for seal

(b) appl'miiuu iudu\.cu}.
infenance, repair, or installation
(d) trangient dynamic event

ISTD-5273 FMG Boundaries

(1) Wheh snubbers have been tested as a part of DTPG
test requirpments and found to be unacceptable, and
evaluation|establishes an FMG based on the failure of
certain snfibbers, the number of those unacceptable
snubbers dhall be used in determining testing in the
FMG in gccordance with paras. ISTD-5320 and
ISTD-5330{ or paras. ISTD-5420 and ISTD-5430. How-
ever, those|snubbers shall be counted only in the value
of N of sulppara. ISTD-5331(a) or ISTD-5431(a) as com-
pleted testp in the DTPG.

(b) Whep snubbers have been found to be acceptable
when test¢d as part of DTPG test requirements and
subsequent evaluation establishes an FMG that would
se snubbers, those snubbers shall not be
the value of N in subpara. ISTD-5331(b) or

ISTD-p275 Additional FMG Review. After the
requirem¢nts of paras. {§TD-5250, ISTD-5260,
ISTD-5270) ISTD-5320, and ISTD-5420 are satisfied for
a DTPG, any separate and additional FMG review or
testing dog¢s not require-additional tests in the DTPG.

ISTD-5280 Cofréctive Action. Unacceptable snub-
bers shall be adjusted, repaired, modified, or replaced.
The provisfons-of paras. ISTD-1620 and ISTD-1700 also

replacement or other similar activity related to ervice
life monitoring. The snubbers shall be tested 'on‘al gener-
ally rotational basis to coincide with the senvice liffe mon-
itoring activity.

ISTD-5312 Additional Samplé Size. When addi-
tional samples are required by para. ISTD-532p, they
shall be at least one-half thetsize of the initial sample
from that DTPG.

ISTD-5313 Additional DTPG Sample Composjtion.
When an unacceptable-snubber has not been agsigned
to an FMG, the<dditional sample required by para.
ISTD-5320 shallbe taken from the DTPG. As practicable,
the additionalisample shall include the following:

(a) snubbets of the same manufacturer’s design

(b) snibbers immediately adjacent to those[found
unacceptable

{c) snubbers from the same piping system

(d) snubbers from other piping systems that haye sim-
ilar operating conditions such as temperature, humidity,
vibration, and radiation

(e) snubbers that are previously untested

ISTD-5314 FMG Sample Composition. When sam-
ples from an FMG are required, they shall be sglected
randomly from untested snubbers in the FMG.

ISTD-5320 The 10% Testing Sample Plan Additional
Testing

ISTD-5321 DTPG Testing. When an applicable
FMG has not been established, the number of unhccept-
able snubbers shall determine the additional testing

samples in accordance with paras. ISTD-53]12 and
ISTD-5330.

ISTD-5323 FMG Testing. The following :
shall apply for FMG testing:
(a) Transient Dynamic Event EMG, The operational

ctions

apply. Snubbers that do not meet the test requirements
of para. ISTD-5210 shall be tested in accordance with
para. ISTD-5320 or ISTD-5420, as applicable.

ISTD-5300 The 10% Testing Sample

ISTD-5310 The 10% Testing Sample Plan, Sample
Size, and Composition

ISTD-5311 Initial Sample Size and Composition.
The initial sample shall be 10% of the DTPG, composed
according to either subpara. ISTD-5311(a) or
ISTD-5311(b).
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readiness of all snubbers in this FMG shall be evaluated
by stroking or testing. All snubbers in this FMG that
are determined to be operationally ready by stroking
remain eligible for selection and tests for other appro-
priate FMGs and the DTPG in accordance with paras.
ISTD-5313 and ISTD-5314. However, snubbers that are
determined to be operationally ready by testing shall
not be eligible for such tests.

(b) Other FMGs. Tests in each FMG shall be based
both on the number of unacceptable snubbers found in
the DTPG and determined by the evaluation of para.
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ISTD-5271 to be appropriate for establishing the FMG,
and on the number of unacceptable snubbers subse-
quently found in the FMG. Testing shall continue until
the mathematical expression of subpara. ISTD-5331(b)
is satisfied or all snubbers in the FMG have been tested.
Failures in an FMG shall require additional tests within
the FMG unless the failure evaluation indicates that an
additional and separate FMG is appropriate for addi-
tional tests from the DTPG.

SUBSECTION ISTD

from the remaining population of the DTPG, or from
untested snubbers of the FMG as applicable.

ISTD-5420 The 37 Testing Sample Plan Additional
Testing

ISTD-5421 DTPG Testing. When an applicable
FMG has not been established, the number of unaccept-
able snubbers shall determine additional samples in
accordance with para. ISTD-5412. The additional sam-
ples shall be selected randomly from the remaining

ISE‘B?ﬁ?ﬁ—Hre—tﬂ%—fesﬁwg—S'aTrrp'l'e—Pl'an
Completion. The snubbers of each DTPG and FMG

shall Re tested as required. Testing is complete when
the mathematical expressions of para. ISTD-5331 are
satisfigdd, or all snubbers in the DTPG or FMG have been
tested

ISTD-5331 Testing Plan Mathematical Expression.
Testing shall satisfy the mathematical expressions as

follow:
(a) for each DTPG

N20.1n + C(0.1n/2)

where
C H total number of unacceptable snubbers found
in the DTPG (excluding those counted for

FMG tests)

N o total number of snubbers tested that were
selected from the DTPG
n = number of snubbers in the DTPG

(b) for each FMG

Np > CF(Oln/Z)

where
Cr E total number of unaceeptable snubbers in the
FMG, plus those found-in the DTPG and used
to establish the FMG
Nr [ all snubbers selectéd and tested from the FMG
after the FMG-was established from the DTPG
n | number of snubbers in the DTPG

untested snubbers of the DTPG.

ISTD-5423 FMG Testing. The follow
shall apply for FMG testing:

(a) Transient Dynamic Event FMG. The d
readiness of all snubbers in this. EMG shall bg evaluated
by stroking or testing. Allshubbers in thi§ FMG that
are determined to be operationally ready by stroking
remain eligible for selection and tests for ofher appro-
priate FMGs and the '‘DTPG in accordance|with para.
ISTD-5413. However, snubbers that are detprmined to
be operationally- ready by testing shall not|be eligible
for such tests.

(b) Other FMGs. Tests in each FMG shall be based
both of'the number of unacceptable snubbeys found in
the . DTPG and determined by the evaluatipn of para.
ISTD-5271 to be appropriate for establishing the FMG,
and on the number of unacceptable snubbers subse-
quently found in the FMG. Testing shall cortinue until
the mathematical expression of subpara. ISTD-5431(b)
is satisfied or all snubbers in the FMG have heen tested.
Failures in an FMG shall require additional fests within
the FMG unless the failure evaluation indicates that an
additional and separate FMG is appropriate for addi-
tional tests from the DTPG.

(c) Additional DTPG Testing Requirements.| A supple-
mental sample shall be tested from the appligable DTPG
for each FMG established to satisfy| subpara.
ISTD-5431(a). Failures in a supplemental sanjple require
additional tests in the DTPG unless the failjire evalua-
tion indicates that an additional FMG is appropriate.

ISTD-5430 The 37 Testing Sample Plan Completion.

ng actions

perational

. The snubbers of each DTPG and FMG shall be tested

ISTD-5400 JReM57 Testing Sample Plan as required. Testing is complete when the mgthematical

ISTD-5410 The 37 Testing Sample Plan, Sample Size,  expressions of para. ISTD-5431 are satisfied, pr all snub-
and C sition bers in the DTPGC or EMG have been tested

ISTD-5411 Initial Sample Size and Composition. ISTD-5431 Testing  Plan Mathematical

An initial sample of 37 snubbers shall be selected ran-
domly from each 37 plan DTPG.

ISTD-5412 Additional Sample Size. When addi-
tional samples are required by para. ISTD-5420, the sam-
ples shall be either 18 or 19 snubbers to satisfy the
requirement of para. ISTD-5431.

ISTD-5413 Additional Sample Selection. Addi-
tional samples, if required, shall be selected randomly
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Expressions. Testing shall satisfy the mathematical
expressions as follows:
(a) for each DTPG

N =>36.49 + 18.18C (Fig. ISTD-5431-1)

where
C = total number of unacceptable snubbers found
in the DTPG (excluding those counted in FMG
tests), plus one for each FMG established
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Fig. ISTD-5431-1 The 37 Testing Sample Plan
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tal number of snubbers tested that were
ected from the DTPG

(b) for epch FMG requiring additional tests

N > 18.18C
where
Cr = tgtal number of unacceptablée snubbers in the
FMG, plus those found\in'the DTPG and used
t¢ establish the FMG
Nr = all snubbers selected’'and tested after the FMG
was established\from DTPG
ISTD-5500| Retests<of Previously Unacceptable
Snubbers
Snubber$ placed in the same location as snubbers that

80 90 100 110 120 13(

ISTD-6000 SERVICE LIFE MONITORING
ISTD-6100 Predicted Service Life

Initial snubber service life shall be predicted
on manufacturer’s recommendation or design
Methods for predicting service life are gi
Nonmandatory Appendix F of this Division.

based
review.
ven in

ISTD-6200 Service Life Evaluation

Service life shall be evaluated at least once each fuel
cycle, and increased or decreased, if warranted. Evalua-
tion shall be based upon technical data from reprgsenta-
tive snubbers that have been in service in the plant, or
other information related to service life. Examples of
methods that can be used to obtain such data are
described in Nonmandatory Appendix F ¢f this
Division. If the evaluation indicates that service life will

failed the previous inservice operational readiness test
shall be retested at the time of next operational readiness
testing unless the cause of the failure is clearly estab-
lished and corrected. Any retest in accordance with this
paragraph shall not be considered a part of inservice
operational readiness testing sample selection require-
ments of para. ISTD-5200, ISTD-5300, or ISTD-5400. In
addition, failures found by these retest shall not require
additional testing in accordance with para. ISTD-5320
or ISTD-5420, but shall be evaluated for appropriate
corrective action.
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be exceeded before the next scheduled system or plant
outage, one of the following actions shall be taken:

(a) the snubber shall be replaced with a snubber 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 sched-
uled system or plant outage

(c) the snubber shall be reconditioned such that its
service life will be extended to or beyond the next sched-
uled system or plant outage
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ISTD-6300 Cause Determination

Causes for any snubber failures (regardless of the
means or time of discovery) shall be determined, docu-
mented, and considered in establishing or reestablishing
service life.

ISTD-6400 Additional Monitoring Requirements for
Snubbers That Are Tested Without
Applying a Load to the Snubber Piston

SUBSECTION ISTD

ISTD-7000 RESERVED
ISTD-8000 RESERVED
ISTD-9000 RECORDS AND REPORTS

ISTD-9100 Snubber Records

The Owner shall maintain records that shall include
the following for each snubber covered by this
Subsection:

(a) the name of the manufacturer, and the manufac-

Rod

The pervice life evaluation, for hydraulic snubbers that
are tesfed without applying a load to the snubber piston
rod, ghall consider the results of the following
requir¢gments:

(a) monitoring the particulate, viscosity, and moisture
content of one or more samples of hydraulic fluid from
the main cylinder of the snubber. This may be accom-
plishedl using snubbers of the same design in a similar
Oor mofe severe environment.

(b) fnonitoring of piston seal, piston rod seal, and
cylinder seal integrity. If seal integrity is monitored by
pressufization, pressures less than the snubber’s rated
load pfessure may be used. Minimum pressure allowed
shall be specified by the Owner.

ISTD-4500 Testing for Service Life Monitoring
Purposes

If tegting is conducted specifically for service life mon-
itoring purposes, the results of such testing"do not
requirp testing of additional snubbers in(acecordance
with para. ISTD-5320 or ISTD-5420, but shall be evalu-
ated f@r appropriate corrective actions

turer’s model and serial numbers or other unjque identi-
fication number

(b) a copy or summary of the manufacturpr’s accept-
ance test report, preservice test report; or cufrent inser-
vice test report

ISTD-9200 Test Plans

In addition to the applicable requiremerjts of para.
ISTA-3110, the Owner'shall maintain a recorfl of exami-
nation plans (accessible or inaccessible snybbers) and
test plans (entite population or DTPGs)|for all the
snubbers.

ISTD-9300" Record of Tests

(a)7In addition to the requirements of para{ISTA-9230,
the.results of examination and test data shall include
the manufacturer’s model number, serial number, type,
and unique location identification or the Owrjer’s identi-
fication of the snubber, as applicable.

(b) Records of predicted service life of a|l snubbers
and service life evaluations shall be maintajned.

ISTD-9400 Record of Corrective Action
See para. ISTA-9240.
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Subsection ISTE
Risk-Informed Inservice Testing of Components
in Light-Water Reactor Nuclear Power Plants

ISTE-1000
ISTE-1100

INTRODUCTION
Applicability

This Subpection establishes the component safety cate-
gorization [methodology and process for dividing the
populatior| of pumps and valves, as identified in the IST
Program Hlan, into high safety significant component
(HSSC) and low safety significant component (LSSC)
categories.

ISTE-1200

This Subsection specifies alternative inservice test
requirements for certain pumps and valves, as identified
in the IST Program Plan.

Alternative

ISTE-1300| General

All the gequirements of Subsections ISTA, ISTB, and
ISTC apply, except as identified in Subsection ISTE.
Valves for which test requirements are not specified in
para. ISTE-5000 shall be tested in accordance with
Subsection| ISTC.

ISTE-2000
The fol

understan

SUPPLEMENTAL DEFINITIONS

owing are provided to efisure a uniform
ding of selected terms uséd in this Subsection.

aggregate risk: the risk due to programmatic changes in
the IST prdgram (test method\effectiveness and/or test-
ing intervall) as measured/byCDF or LERE.

basic event:|an event inafault tree model that requires
no further|developent, because appropriate limit of
resolution has been teached.

common capise Jailure (CCF): a failure of two or more
componen HE-8 i i
a:single shared cause.

core damage: uncovery and heatup of the reactor core to
the point at which prolonged oxidation and severe fuel
damage is anticipated and involving enough of the core
to cause a significant release.

core damage frequency (CDF): expected number of core
damage events per unit of time. (A Level 1 PRA identi-
fies accident sequences that can lead to core damage,
calculates the frequency of each sequence, and sums
those frequencies to obtain CDF.)
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decision criteria: the quantitative and qualitative [factors
that influence a decision. These include beth qyantita-
tive screening criteria (for PRA model) dnd-the ¢valua-
tion of other qualitative (or deterministic) factqrs that
influence the results of an application.

defense in depth: considerations M an RI-IST Pfogram
that are maintained by consideration of CCF modes,
consideration of appropriate”failure modes, copsider-
ation of multiple risk metrics including CDF and LERF,
consideration of test'strategies, and assessment of|aggre-
gate risk.

Expert Panel: the(team of experts responsible for ¢atego-
rizing affected components as either HSSCs or 1.5SCs.

figures-ofomerit: the quantitative value, obtained [from a
PRA analysis, used to evaluate the results of an applica-
tion(e.g., CDF or LERF).

Fussell-Vesely (F-V) Importance Measure: for a specified
basic event, Fussell-Vesely importance is the fractional
contribution to the total of the selected figure of merit
for all accident sequences containing that basic fvent.

high safety significant components (HSSCs): components
that have been designated as more important tp plant
safety by a blended process of PRA risk rankihg and
Plant Expert Panel evaluation.

n that
impor-

importance measure: a mathematical expressig
defines a quantity of interest. The most common
tance measures are F-V and RAW.

initiating event: any event either internal or external to
the plant that perturbs the steady state operation of the
plant, if operating, thereby initiating an abnormdl event
such as transient or LOCA within the plant. Inftiating
events trigger sequences of events that challenge plant
control and safety systems whose failure could |poten-

large early release: the rapid, unmitigated release of air-
borne fission products from the containment to the envi-
ronment occurring before the effective implementation
of off-site emergency response and protective actions
such there is a potential for early health effects.

large early release frequency (LERF): expected number of
large early releases per unit of time. (A Level 2 PRA
identifies accident sequences that can lead to radioactiv-
ity release, calculates the frequency of each sequence,
and sums these frequencies to obtain LERFE)
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living PRA: a plant-specific PRA that is maintained up
to date, such that plant modifications, plant operation
changes (including procedure changes), component per-
formance, and other technical information significantly
affecting the model are reflected in the model.

low safety significant components (LSSCs): components
that have been designated as less important to plant
safety by a blended process of PRA risk ranking and
Plant Expert Panel evaluation.

SUBSECTION ISTE

truncation limits: the numerical cutoff value of probabil-
ity or frequency below which results are not retained in
quantitative PRA model or used in subsequent calcula-
tions (such limits can apply to accident sequences/cut
sets, system level cut sets, and sequence/cut set database
retention).

ISTE-3000 GENERAL REQUIREMENTS
ISTE-3100 Implementation

a component on the next demand (for standby compo- The requirements of this Subsection shall be imple-
nent) ¢r in the next hour of operation (for operating mented for all IST components of the same'type. Compo-
compdnent), given that it has not already failed. nent types are defined as

e L (a) centrifugal pumps, including' vertical line shaft
probabilistic risk assessment (PRA): a qualitative and quan- UmDS
titative assessment of the risk associated with plant oper- pumrp

nd maintenance that is measured in terms of
cy of occurrence of risk metrics, such as core
damage or a radioactive material release and its effects
on thehealth of the public [also referred to as a probabi-
listic spfety assessment (PSA)]. In general the scope of
a PRA|is divided into three categories: Level 1, Level 2,
and L¢vel 3. A Level 1 maps from initiating events to
plant flamage states, including their aggregate, core
damage. Level 2 includes Level 1 mapping from initiat-
ing events to release categories (source term). A Level 3
includps Level 2 and uses the source term of Level 2 to
quantify sequences, the most common of which are
health|effects and property damage in terms of cost.

risk aclievement worth (RAW): for a specified basic event,
the ingrease in a selected figure of merit when(an SSC
is assumed to be unable to perform its function due to
testing, maintenance, or failure. It is the ratio or interval
of the|figure of merit, evaluated with-the SSC’s basic
event probability set to one, to the'base case figure of
merit.

risk sigpificance: importance of plant components, based
on the|r functions, using, PRA "methods only (i.e., with-
out dgterministic or other qualitative information as
might be used by thedlant Expert Panel).

(b) positive displacementpumps
(c) motor-operated valves (MOVs)
(d) pneumatically gperated valves (AOV3)
(e) hydraulically-eperated valves (HOVs)
(f) check valyes (CVs)

ISTE-3200<Probabilistic Risk Assessment

ISTE-3210 Plant-Specific PRA. The Owngdr is respon-
sible-for demonstrating the technical adeqyacy of any
PRAused as the basis to perform component risk rank-
ing. PRA technical adequacy shall be assesped against
a standard(s)! or set of acceptance critdria that is
endorsed by the regulatory agency having jurisdiction
over the plant site.

ISTE-3220 Living PRA. The PRA shallbe
up to date.

maintained

ISTE-3300 Integrated Decision Making

ISTE-3310 Plant Expert Panel. A Plant Expert Panel
shall be designated to perform the blended safety evalu-
ation of probabilistic and deterministic epgineering
information for each component.

ISTE-3320 Integrated Effects. Compon¢nts can be
affected by more than one risk-informed ppplication

safety vzarg'in: considerations in an 'RHST Program shall (e o risk-informed inservice testing, risj-informed
be majntained by performar}c.e criteria for the.compo— inservice inspection, graded quality assurgnce). Inte-
nents, [Plant Expert Panel utilization, and monitoring/ grated effects of multiple risk-informed applications

trendixrg /analysis/evaluation.

(including risk-informed applications outside of the

safety significance: an item’s contribution to plant risk
using a blended process of PRA methods and Plant
Expert Panel evaluation.

testing effectiveness: the ability of a test to determine key
performance attributes of a component without damag-
ing the component or adversely affecting plant safety.
(Testing effectiveness can be determined by a type of test
that is nondestructive, does not remove the component
from service, identifies appropriate functional failure
modes, detects precursors to malfunction; and predicts
degradation leading to failure.)

43

ASNMIE scope) shall be evaluated.

ISTE-3330 Determination of HSSC and LSSC. The
Plant Expert Panel shall evaluate each component and
categorize it as HSSC or LSSC, using PRA quantitative
information (if component is modeled) and engineering

! ASME RA-S-2002, with the RA-Sa-2003 Addenda and the
RA-Sb-2005 Addenda, Standard for Probabilistic Risk Assessment
for Nuclear Power Plant Applications, sets forth requirements for
PRAs used to support risk-informed decisions for commercial
nuclear power plants, and prescribes a method for applying these
requirements for specific applications.
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qualitative information (for both modeled and not mod-
eled components).

ISTE-3400 Evaluation of Aggregate Risk

The aggregate risk impact of changes to the IST pro-
gram shall be evaluated by the Owner (e.g., Plant Expert
Panel). Decision criteria, quantitative evaluations, and
qualitative assessments are a part of this aggregate risk
impact evaluation.

ASME OM-2012

shall be selectively increased and/or decreased to deter-
mine if the results are sensitive to changes in the failure
data. If sensitivities are indicated, steps shall be taken
to determine if uncertainty ranges can be reduced and to
validate the failure probabilities included in the models.

(2) Human Recovery Actions. The PRA shall be
requantified, and the F-V and RAW importance mea-
sures recalculated, after human actions modeled in the
PRA, to recover from specific component failures, are
adjusted in the models (e.g., the probability of successful

ISTE-3500

Feedbac
elements
para. ISTE

Feedback and Corrective Actions

K and corrective action processes are required
of this Subsection as specified in
6200.

ISTE-4000 SPECIFIC COMPONENT

CATEGORIZATION REQUIREMENTS

In addifion to requirements of para. ISTE-3000, the
following fequirements apply to component categoriza-
tion into HSSC and LSSC categories, and to an RI-IST
program bhsed on those categories.

ISTE-4100

This parpgraph establishes requirements for separat-
ing compgnents into HSSC or LSSC categories, per-
forming PRA sensitivity studies to ensure that
assumptionfs in the PRA are not masking the importance
of a compgnent, and determining how to treat compo-
nents not fnodeled.

ISTE-4110 Appropriate Failure Modes. Compenent
risk categdrization shall be based on basic events that
include faifure modes representing functions.addressed
by inservige testing (e.g., pump failur¢ to run, valve
failure to dpen, common cause failuré).

ISTE-41
(a) As al
and RAW, g
eled in the
(b) Imp
both CDF

Component Risk Categorization

PO Importance Measures

minimum, two importance measures, F-V
hall be calculated forthose components mod-
PRA.

rtance measures should be evaluated for
hnd LERFE, if available.

ISTE-4130 Screening Criteria. For those components
modeled i the-PRA,

recovery due to human intervention is adjusted by factor
of 10).

(3) Test and Maintenance Unavailabilities. THe PRA
models shall be requantified with test.and maintenance
unavailabilities adjusted, and the ifportance m¢asures
recalculated.

(4) LSSC Failure Rates. Failure rates for compjonents
initially ranked LSSC shallbeincreased by a factof repre-
senting the upper bound (95%) of the failure rdte and
the PRA models requantified. The importance m¢asures
shall then be recaleilated.

(6) Truncation‘Limits. If the PRA has not beer quan-
tified with a-truncation limit 10 below the baselifie PRA
CDEF, the PRA'model shall be requantified with tHe trun-
cation lifit lowered to this value. The importande mea-
sures’shall then be recalculated.

(6) Common Cause. Sensitivity analyses s
t15ed to determine the impact of increased or de
common cause failure rates. Importance measur
then be recalculated.

(b) The results of these sensitivity studies and any
others that are performed shall be documented. Ih addi-
tion to the magnitude of the changes to the ¢DF or
LEREF, all insights obtained from the results shall be
described.

The results and insights of these sensitivity ptudies
shall be provided to the Plant Expert Panel fqr their
consideration in the final categorization pf the
components.

hall be
reased
bs shall

ISTE-4150 Qualitative Assessments. Qualitative
assessments shall be performed for all LSSCs, mjodeled
and not modeled in the PRA to determine whethgr there
are other bases for categorizing IST component.

(a) The following qualitative assessments shall be

( ) h 1 1.1 1 £ 1 1 -1
a a t ICSIMTOTU varaT UL I- v U.UUJ Ul TUOWTCT UdsTU UIl

either CDF or LERF should be initially considered as
HSSC

(b) a threshold value of RAW >2 based on either CDF
or LERF should be initially considered as HSSC

ISTE-4140 Sensitivity Studies
(a) The following sensitivity studies shall be
performed:
(1) Data and Uncertainties. Failure probabilities of
components, within the PRA models for those IST com-
ponents that have initially very high or very low values,
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pertormed:

(1) impact of initiating events (e.g., the impact of
failure or degradation as it might result in an initiator,
component contribution to initiating events represented
by point estimates)

(2) potential consequences of shutdown (outage)
conditions

(3) response to external initiating events (e.g.,
seismic, fire, high winds/tornadoes, flooding, etc.)

(4) impact of LERF, if not used in subpara.
ISTE-4120(b)
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(b) Qualitative assessments shall be performed for
plant-specific design bases conditions and events not
modeled in a PRA.

(c) Qualitative assessments shall consider the impacts
upon the plant to

(1) prevent or mitigate accident conditions

(2) reach and/or maintain safe shutdown
conditions

(3) preserve the reactor primary coolant pressure

SUBSECTION ISTE

safety significance of components within the scope of
RI-IST and PRA programs. Information contained in
PRAs relative to the role of components in mitigating
or preventing core damage events or radiological release
events shall be considered. The scope of the PRA and
depth of probabilistic analyses shall be assessed, evalu-
ated, and documented. As a minimum, the following
shall be documented:

(1) thelevel of plant specific PRA analysis available

boundary integrity forassessing-the-applicabilit-of PRA-information rela-
(4) maintain containment integrity tive to IST programs. For example, writtén documenta-

(d)
(1

Dualitative assessments shall also consider
safety function being satisfied by the compo-
nent’s pperation
(2) level of redundancy existing at the plant to fulfill
the component’s function
(3) ability to recover from a failure of the
compgnent

tion shall describe the level of plant specific PRA analysis
such as Level 1 PRA (assessment, of |core damage fre-
quency) and/or Level 2 PRA (asséssment of cpre damage
frequency plus containment performance).

(2) scope of initiatingtevents considerefl (internal,
external, both).

(3) typical failureimodes considered (e.g}, hardware

(4) performance history of the component . . . .
(5) pl hnical ficati . failures, testing/maintenance failures, co on cause
) p ant technical specifications requirements failures, and hdman errors).

applicqble to the component

(6
that us

emergency operating procedure instructions

e the component(s)
(7) design and current licensing basis information

relevant to RI-IST component function

(e) The cumulative impacts of combinations of com-
ponent unavailability, which could impact an entire sys-
tem (e|g., multi-train impacts) or critical safety function
(e.g., thulti-system impacts), shall also be considered)

(f) These qualitative assessments and the Plant Expert
Panel’§ disposition of them shall be documerited.

() These qualitative assessments shall be.available to
the Plant Expert Panel for their decision of component
safety [categorization.

ISTE-4160 Components Not Modeéled. If IST compo-
nents not modeled in the PRA  aré subsequently deter-
mined|by the Plant Expert Panel to have an impact upon
the abflity of the facility towespond to analyzed events,
consideration should)be given to updating the PRA
model| to incorpordte ‘the effects of the component(s),
then using the updated model to provide a quantified
basis fpr categotization (either HSSC or LSSC).

ISTE-4200 _Component Safety Categorization

(4) PRA scope for plant configuration$ (e.g., low
power risk; shutdown risk, transition mode risk,
at-power)tisk) reviewed relative to the applicability of
PRAzinformation and IST component function(s).

(b) Deterministic Insights. The Plant ExpertiPanel shall
also consider deterministic factors when aspessing the
safety significance of components within tle scope of
IST programs (see Nonmandatory Appendix K of this
Division for a sample list of detprministic
considerations).

ISTE-4220 Plant Expert Panel Requirements

(a) Plant Procedure. An approved plant
shall describe the process, including

procedure

(1) designated members and alternates
(2) designated chairperson and alternate
(3) quorum

(4) attendance records

(5) agendas

(6) motions for approval

(7) process for decision making

(8) documentation and resolution of differing
opinions

This paragrapit provides Tequiremments for the riant
Expert Panel’s review and evaluation process for catego-
rizing IST components relative to their safety signifi-
cance, using both deterministic and probabilistic
insights.

ISTE-4210 Plant Expert Panel Utilization. The Plant
Expert Panel shall blend deterministic and probabilistic
information to classify IST components into HSSC or
LSSC categories.

(a) PRA Insights. The results of PRA analyses shall
be used by the Plant Expert Panel to help determine the

45

(9) minutes

(10) implementation of feedback/corrective
actions

(11) feedback to the PRA

(12) required training

(b) Training. The Plant Expert Panel shall be trained

and indoctrinated by the Owner in the specific require-
ments to be used for this Subsection. Training and indoc-
trination shall include the application of risk analysis
methods and techniques used for this subsection. At
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a minimum, the risk methods and techniques should
include

(1) PRA fundamentals (e.g., PRA technical
approach, PRA assumptions and limitations, failure
probability, truncation limits, uncertainty)

(2) use of risk importance measures

(3) assessment of failure modes

(4) reliability versus availability

(5) risk thresholds

(6) expert j11r]gmp'nf elicitation

ASME OM-2012

ISTE-4240 Reconciliation. Decisions of the Plant
Expert Panel shall be arrived at by consensus. Differing
opinions shall be documented and resolved, if possible.

(a) If a resolution cannot be achieved concerning the
safety significance classification of a component, then
the component shall be classified HSSC.

(b) If components have a high initial ranking from
the PRA (i.e., RAW >2 or F-V >0.005) but are ultimately
ranked as LSSCs, the Plant Expert Panel decisions shall
be documented.

Each of fhe aforementioned topics shall be covered in
the indoctifination to the extent necessary to provide the
Plant Expeft Panel with a level of knowledge needed to
adequatelyf evaluate and approve the scope of the IST
selections | using both probabilistic and deterministic
informatiop.

(c) Expeftise. Member expertise levels shall be docu-
mented and maintained.

(d) Membpership

(1) There shall be at least five experts designated
as membefs of the Plant Expert Panel. Members may
be experts|in more than one field; however, excessive
reliance dn any one member’s judgment shall be
avoided.

(2) The chairperson shall be familiar with this sub-
section and shall facilitate Plant Expert Panel activities,
to ensure that the requirements of this subsection are
satisfied.

(3) Expertise in the following functions shall be
representedl on the Plant Expert Panel:

(a) pperation
(b) $afety analysis engineering
(c) probabilistic risk assessment

(4) Additional members of the Plant-Expert Panel

who have the following plant expertisemay be selected:

ISTE-4300 Testing Strategy Formulation

(a) Testing strategies for HSSCs and ESSCs shall be
developed following the requirements Specified in para.
ISTE-5000.

(b) After testing strategies aredeveloped, the planned
changes (e.g., test frequency,«testing effectiveneps, and
out-of-service duration) shalhbe provided for imput to
the evaluation of aggregate Tisk.

ISTE-4400 Evaluation of Aggregate Risk

ISTE-4410 Decision Criteria
(a) Appropriate decision criteria for aggregdte risk
effects shallbe established and documented.
(1) Decision criteria shall be based on thrgsholds
for aggregate risk limits using standard figures-of-merit
(e.gonCDE, LERF). (Nonmandatory Appendix L|of this
Division provides guidance.)
(2) Performance criteria used for other regpilatory
requirements may be taken into consideratior] when
developing decision criteria for aggregate risk effects.
(b) Decision criteria may be determined both qualita-
tively and quantitatively.

ISTE-4420 Quantitative Assessment

(a) An aggregate risk evaluation shall be performed

(a) $ystems performance prior to implementation, as applicable, using thp PRA.
(b) maintenance (1) Quantitative attributes associated with this sub-
(c) licensing section shall be considered and included in the qantita-
(d) fomponent perfoimance tive evaluation, as appropriate, and within the s¢ope of
(e) ASME inservice'testing the PRA.
(f) quality assutarice (2) Each applicable quantitative IST attribute shall
(¢) flesign éngineering be incorporated into the quantitative evaluatjon, as
(5) Aljernafe-members to the Plant Expert Panel appropriate, until all proposed changes have been|dispo-
. . sitioned (i.e., incorporated or not incorporated).
may be dgsigndted on a temporary basis; however, . . . !
(3) Once all appropriate inputs have been irjcorpo

vacancies itrthePlartExpert Paret mrembershipstroutd
be filled within a reasonable period of time. Alternate
members must meet the same requirements as perma-
nent members.

(6) Other plant or nuclear industry experts may be
invited to attend some or all of the sessions of the Plant
Expert Panel as visitors to provide observations, opin-
ions, or recommendations.

ISTE-4230 Plant Expert Panel Decision Criteria.
Plant Expert Panel decision criteria for categorizing com-
ponents as HSSC and LSSC shall be documented.
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rated, the PRA shall be rerun to assess the overall risk
impact.

(4) Proposed IST program changes shall be
assessed to determine compliance with approved deci-
sion criteria and to quantitatively determine if any
adjustments or compensatory measures are warranted.

(b) Types of quantitative attributes that should be
considered in the quantitative evaluation include
changes in

(1) testing frequency

(2) out-of-service duration
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(3) failure rates

(4) failure modes

(56) common cause failure susceptibility

(6) compensatory measures

(7) testing scheme (staggered or simultaneous
testing)

Compensatory measures include both those specifi-
cally incorporated into plant programs and those devel-
oped for specific situations. Management-directed
compensatory measures should also be included in the

SUBSECTION ISTE

Table ISTE-5121-1 LSSC Pump Testing

Group A Test Group B Comprehensive
Pump Group [Note (1)] Test Test

Group A (routinely or 6 mo Not Not
continuously [Note (2)] required required
operated pumps)

Group B (standby 2yr 6 mo Not required
pumps) [Note (2)]

NOTES:

quantifative assessment, as appropriate. Documented
failure|rates shall be used in the quantification process
for IST component.

(c) Testing effectiveness shall be evaluated by peri-
odic agsessments or when new failure modes are identi-
fied thiat impact risk quantification.

(1) New failure modes shall be incorporated in
accordance with risk management and corrective action
programs into the quantitative evaluation, as
approppriate.

(2) Changes resulting from programs that signifi-
cantly fffect the reliability or availability of components
that perform important safety functions shall be
assess¢d, and, if appropriate, incorporated into the PRA
for requantification.

Such) assessments may be performed in conjunction
e plant specific Maintenance Rule (10 CFR 50.65)

-4430 Qualitative Evaluation
ggregate risk effects shall be qualitativelyevalu-

changes (e.g., testing effectiveness).
ertinent performance indicators, industry pro-

-4440 Defense) in Depth. The IST aspects of
in depth shall*be maintained.

ISTE-4500-Inservice Testing Program

(1) This column also applies if using Subsection ISTF.
(2) To meet vendor recommendations, pump opératio
required more frequently than the specified_test fi

assessed against the assumptions of the agg
evaluation.

ISTE-4540 TransjtionPlan. A transitionp
developed for eachr¢omponent type to ensut
information is €ellected to support justificat
wise test interval extension up to and ing
maximum allowable interval. Staggered te
may be used for implementing a stepwise f
extension.

ISTE-5000 SPECIFIC TESTING REQUIREM
ISTE-5100 Pumps

ISTE-5110 High Safety Significant Pump
Pumps categorized as HSSCs shall meet all re|
of Subsections ISTA and ISTB or ISTE.

ISTE-5120 Low Safety Significant Pump

ISTE-5121 Low Safety Significant Pum
Pre-2000 Plants’

(a) Group A and Group B pumps cate
LSSCs shall meet all the requirements of §
ISTA and ISTB, except that the testing req
identified in this paragraph and in Table ]
may be substituted for those in para.
(Table ISTB-3400-1).

(b) All Group A and Group B LSSC py
receive an initial Group A test conducted W

h may be
equency.

regate risk

lan shall be
e adequate
on of step-
luding the
5t intervals
est interval

ENTS

Testing.
quirements

[esting

b Testing —

porized as
bubsections
juirements
STE-5121-1
[STB-3400

Imps shall
ithin +20%

ISTE-4510 Maximum Testing Interval. The maxi-
mum testing interval shall be based on the more limiting
of the following;:

(a) the results of the aggregate risk
(b) performance history of the component

ISTE-4520 Implementation Schedule. A schedule
shall be developed for implementing the testing strate-
gies as specified in para. ISTE-5000.

ISTE-4530 Assessment of Aggregate Risk. Once the
test schedule has been developed, the schedule shall be

Ul[ Pull lP dtbisll f}UVV thc dS> SUUILT dS Pld\.t
later than the first refueling outage following
tation of the RI-IST Program.

cal and no
implemen-

(c) Thereafter, all Group A and Group B LSSC pumps
shall be Group A tested within +20% of pump design

flow rate at least once every 5 yr or thre
outages, whichever is longer.

2 Pre-2000 plant: a nuclear power plant that was is

e refueling

sued its con-

struction permit by the applicable regulatory authority prior to

January 1, 2000.
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SUBSECTION ISTE

ISTE-5122 Low Safety Significant Pump Testing —
Post-2000 Plants’

(a) Pumps categorized as LSSCs shall meet all the
requirements of Subsections ISTA and ISTEF, except that
the testing requirements identified in this paragraph and
in Table ISTE-5121-1 may be substituted for those in
para. ISTF-3400.

(b) All LSSC pumps shall receive an initial test con-
ducted within +20% of pump design flow rate as soon
as practical and no later than the first refueling outage

ASME OM-2012

Addenda) or para. ISTC-3600 (1998 Edition through the
2004 Edition) continue to apply, as applicable.

ISTE-5310 High Safety Significant MOVs. HSSC
MOVs shall be tested in accordance with Mandatory
Appendix III of this Division, using established test fre-
quencies and utilizing a mix of static and dynamic MOV
performance testing.

ISTE-5320 Low Safety Significant MOVs. In lieu of
meeting the inservice test frequency requirements of

following fmplementation of the RI-IST Program.

(c) Thergafter, the LSSC pumps shall be tested every
6 mo in agcordance with Subsection ISTF and within
+20% of pymp design flow rate at least once every 5 yr
or three refueling outages, whichever is longer.

ISTE-5130 Maximum Test Interval — Pre-2000
Plants. If| the maximum test interval as determined
from para. [STE-4510 for a specific pump is more limiting
than the irfterval of para. ISTE-5110 or para. ISTE-5120
(as applicaple), the most limiting interval shall be used
for that pump. A Group A or Group B test, as applicable,
shall be pefformed to satisfy the increased test frequency
requirements.

ISTE-5200

’ In lieu of
ments for
ISTC-3522,

ISTE-57
Testing.
Condition
with Man
Condition
tion and tr
that could
that resultg

ISTE-5220 Low Safety Significant Check Valve
Testing. 1SSC check valves\shall be tested in accor-
dance with para. ISTC-3522"or placed in a Condition
Monitoringg Program.and tested in accordance with
Mandatoryf AppendixII of this Division.

Check Valves

meeting the inservice exercising test require-
Category C check valves as specified in para.
the following alternative may be applied.

10 High Safety Significant Check Valve
HSSC check valves shall be placed inta
Monitoring Program and tested in accerdance
Hatory Appendix II of this Division. The
Monitoring Program shall include-identifica-
ending of attributes indicative/of degradation
lead to the occurrence of the failure mode(s)
d in HSSC categorization;

ISTE-5300

In lieu of therules for preservice and inservice testing

Motor Operated Valve Assemblies

Mandatory Appendix III of this Division, the following
alternative rules may be applied:

(a) LSSC MOVs grouping shall be techmically justi-
fied, but need not comply with all the\requiremfents of
Mandatory Appendix III of this Division.

(b) LSSC MOVs shall be associated with an| estab-
lished group of other MOVs whefever possible] When
a member of that group is tested, the test results ghall be
analyzed and evaluated in/accordance with Marldatory
Appendix III of this Division and applied to all|LSSCs
associated with that.group.

(c) LSSC MOQY¥s jthat are not able to be asspciated
with an established group, shall be inservice tepted in
accordange’with Mandatory Appendix III pf this
Division using an initial test frequency of three refueling
cyclesror5 yr (whichever is longer) until sufficieht data
exists to determine a more appropriate test frequency.

(d) LSSC MOVs shall be inservice tested at least every
10 yr in accordance with Mandatory Appendix III of
this Division.

ISTE-5400 Pneumatically and Hydraulically Op
Valves

prated

ISTE-5410 High Safety Significant Pneumaticdlly and
Hydraulically Operated Valve Assemblies Testin;

(a) HSSC AOVs and HOVs shall meet all the rpquire-
ments of Subsections ISTA and ISTC, except as provided
in subpara. (b) below.

(b) HSSC AOVs and HOVs shall be tested in|
dance with Mandatory Appendix IV of this D
which is in the course of preparation.

ISTE-5420 Low Safety Significant Pneumatically and
Hydraulically Operated Valve Assemblies Testing.

(a) LSSC AOVs and HOVs shall meet all the rpquire-
ments of Subsections ISTA and ISTC, except as prpovided

accor-
vision,

to assess the operational readiness of certain electric
motor-operated valve assemblies in light-water reactor
power plants in OM Code Subsection ISTC, HSSC and
LSSC MOVs shall meet the requirements of Mandatory
Appendix III of this Division, except as provided in para.
ISTE-5320 below. The Leak Testing Requirements of
para. ISTC 4.3 (1995 Edition with the 1996 and 1997

3 Post-2000 plant: a nuclear power plant that was issued (or will
be issued) its construction permit, or combined license for construc-
tion and operation, by the applicable regulatory authority on or
following January 1, 2000.
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i subpara. (D) betow.

(b) LSSC AOVs and HOVs shall meet all the require-
ments of Mandatory Appendix IV of this Division, which
is in the course of preparation.

ISTE-5500 To Be Provided at a Later Date

ISTE-6000 MONITORING, ANALYSIS, AND
EVALUATION

ISTE-6100 Performance Monitoring

ISTE-6110 HSSC Attribute Trending. For HSSCs, a
set of attributes to be tested shall be established and
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compared to acceptance criteria in accordance with para.
ISTE-5000, and a trending program shall be imple-
mented for those attributes selected for monitoring.

ISTE-6120 LSSC Performance Trending. For LSSCs,
the inservice testing specified in para. ISTE-5000 shall
be supplemented by performance monitoring. The per-
formance of the LSSCs shall be trended to ensure the
component failure rates do not increase to unacceptable
levels.

SUBSECTION ISTE

Program incorporating risk insights, including evalua-
tion of generic implications.

ISTE-6230 Component Safety Significance
Recategorization. The component’s operational readi-
ness is not changed by recategorization.

ISTE-7000 TO BE PROVIDED AT A LATER DATE
ISTE-8000 TO BE PROVIDED AT A LATER DATE

ISTE-6R00 Feedback and Corrective Actions

ISTE-6210 Feedback

(a) A feedback process incorporating elements of both
conditjonal and periodic feedback shall be established
such that component performance information is
directdd to both the IST and PRA programs. Conditional
feedback shall occur in a timely fashion following com-
ponent failure. Periodic feedback shall be considered for
maintgnance of the PRA.

(b) Kach program shall assimilate performance infor-
matior) to ensure the appropriate unavailability informa-
tion is|reflected in decision making.

(c) A feedback process shall be established so IST
programmatic changes are directed to the PRA program.

(d) Feedback frequency should not exceed two refuel-
ing cytles.

ISTE-6220 Corrective Action. In addition to the
requir¢gments in the IST Code of Record with respect to
Corredtive Actions, a Corrective Action Program shall
be estgblished that identifies and tracks to réselution all
failurep of similar types of components within an RI-IST

ISTE-9000 RECORDS AND REPORTS ]

In addition to the requirements in the Codp of Record
with respect to records, the followingrecords|of the Plant
Expert Panel and the component shall be rpaintained:

ISTE-9100 Plant Expert Panel'Records

(a) membership and attendance

(b) member expertisefépresentation and fraining per
subpara. ISTE-4220(b)

(c) member experience (years of experiemnce in each
of the expertisedcategories)

(d) meetihgvagendas

(e) meeting minutes

(f) plant procedure

ISTE-9200 Component Records

(a) risk significance based on PRA importance
measures

(b) additional PRA quantitative informat

(c) deterministic information

(d) Plant Expert Panel categorization decisions of
HSSC or LSSC

(e) basis for the HSSC/LSSC decision

on
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Subsection ISTF
Inservice Testing of Pumps in Light-Water Reactor Nuclear
Power Plants — Post-2000 Plants®

ISTF-1000, INTRODUCTION
ISTF-1100 | Applicability

The reqyirements of this Subsection apply to certain
centrifugalfand positive displacement pumps that have
an emergeficy power source.

ISTF-1200 | Exclusions

The follgwing are excluded from this Subsection:

(a) drivdrs, except where the pump and driver form
an integralfunit and the pump bearings are in the driver

(b) pumps that are supplied with emergency power
solely for ¢perating convenience

(c) skidqmounted pumps that are tested as part of the
major component and are justified by the Owner to be
adequately] tested

ISTF-1300| Owner’s Responsibility

In additjon to the requirements of para. ISTA-1500, it
is the Owrler’s responsibility to

(a) include in both the pumps and plant design” all
necessary yalving, instrumentation, test loops, required
fluid inverftory, or other provisions that are required to
fully complly with the requirements of this.Subsection.
Testing capjability shall be possible irrespec¢tive of plant
mode.

(b) idenfify each pump to be-tested in accordance
with the rgles of this Subsection:

ISTF-2000, SUPPLEMENTAL DEFINITIONS

The follgwing is provided to ensure a uniform under-
standing of selected terms used in this Subsection:

vertical ling shaftypump: a vertically suspended pump
where the|pump driver and pump element are con-

Deviations detected are symptoms of changgs and,
depending upon the degree of deviation, indicafe need
for further tests or corrective action.
The parameters to be measured during preservjce and
inservice testing are specified in Table ISTF-300(-1.

ISTF-3100 Preservice Testing

During the preservice tést)period or before [imple-
menting inservice testing,‘an initial set of refererjce val-
ues shall be established for each pump. These tesfts shall
be conducted undér’ conditions as near as pragticable
to those expectediduring subsequent inservice festing.
Except as specified in para. ISTF-3310, only one preser-
vice test is.xequired for each pump. A set of reference
values shall be established in accordanc¢ with
para..ISTF-3300 for each pump required to be tested by
this.Subsection. Preservice testing shall be performed
ifYaccordance with the requirements of the following
paragraphs:

(a) centrifugal pump tests (except vertical line shaft
centrifugal pumps) in accordance with para. ISTF-5110

(b) vertical line shaft centrifugal pump tests irf accor-
dance with para. ISTF-5210

(c) positive displacement pump (except reciprocat-
ing) tests in accordance with para. ISTF-5310

(d) reciprocating positive displacement pump fests in
accordance with para. ISTF-5310

ISTF-3200 Inservice Testing

Inservice testing of a pump in accordance with this
Subsection shall commence when the pump is rqquired
to be operable (see para. ISTF-1100). Inservice ftesting
shall be performed in accordance with the requirpments
of the following paragraphs:

(a) centrifugal pump tests (except vertical line shaft

nnnh‘ifﬂgn] anpq) in-accordance with para ISTF-5120

nected by a line shaft within an enclosed column.

ISTF-3000 GENERAL TESTING REQUIREMENTS

The hydraulic and mechanical condition of a pump
relative to a previous condition can be determined by
attempting to duplicate by test a set of reference values.

* 1 Post-2000 plant: a nuclear power plant that was issued (or will
beissued) its construction permit, or combined license for construc-
‘tion and operation, by the applicable regulatory authority on or
following January 1, 2000.

(b) vertical line shaft centrifugal pump tests in accor-
dance with para. ISTF-5220

(c) positive displacement pump (except reciprocat-
ing) tests in accordance with para. ISTF-5320

(d) reciprocating positive displacement pump tests in
accordance with para. ISTF-5320

ISTF-3300 Reference Values

Reference values shall be obtained as follows:
(a) Initial reference values shall be determined from
the results of testing meeting the requirements of
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Table ISTF-3000-1

SUBSECTION ISTF

Inservice Test Parameters

Preservice

Quantity Test Inservice Test Remarks
Speed, N X X If variable speed
Differential pressure, AP X X Centrifugal pumps, including vertical line shaft pumps
Discharge pressure, P X X Positive displacement pumps
Flow rate, Q X X R
Vibration X X Measure either V; or V,
Displacement, V, Peak-to-peak
Velocity, V, Peak

para. ISTF-3100, Preservice Testing, or from the results
of the [first inservice test.

(b) New or additional reference values shall be estab-
lished |as required by para. ISTF-3310 or ISTF-3320, or
subpata. ISTF-6200(c).

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

(d) Reference values shall be established at a point(s)
of opetation (reference point) readily duplicated during
subseduent tests.

(e) Reference values shall be established in a region(s)
of relafively stable pump flow.

(1) Reference values shall be established within
+20% pf pump design flow rate for the inservice test.

(2) Reference values shall be established within
+20% pf pump design flow.

(f) All subsequent test results shall be compared to
these ipitial reference values or to new reference alues
establlished in accordance with para. ISTE<3310 or
ISTF-3B20, or subpara. ISTF-6200(c).

(g) Related conditions that can significantly influence
the measurement or determination ofthe reference value
shall be analyzed in accordance with“para. ISTF-6400.

ISTF-3310 Effect of Pump-Replacement, Repair, and
Maintdnance on Reference-Values. When a reference
value ¢r set of values mayhave been affected by repair,
replacgment, or routin@servicing of a pump, a new refer-
ence value or set of{values shall be determined in accor-
dance|with para:~ISTF-3300, or the previous value
reconfirmed byian inservice test run before declaring
the pump operable. The Owner shall determine whether
the requitements of para. ISTE-3100, to reestablish refer-

is acceptable per para. ISTF-6200, an,additional set of
reference values may be established" as follgws:

(a) For centrifugal and vertical line shaft pumps, the
additional set of reference values shall be determined
from the pump curve established in para. I$TF-5110 or
ISTF-5210, as applicable Vibration acceptapce criteria
shall be established’by'an inservice test at th¢ new refer-
ence point. If vibration data was taken at all points used
in determiningythe pump curve, an interpolation of the
new vibration reference value is acceptable

(b) For.positive displacement pumps, the additional
set of “reference values shall be established per para.
ISTE5310.

A test shall be run to verify the new refergnce values
before their implementation. Whenever an|additional
set of reference values is established, the redsons for so
doing shall be justified and documented in| the record
of tests (see section ISTF-9000). The requiremgnts of para.
ISTE-3300 apply.

ISTF-3400 Frequency of Inservice Tests

An inservice test shall be run on each pump quarterly.

ISTF-3410 Pumps in Regular Use. Pumjps that are
operated more frequently than every 3 mo ieed not be
run or stopped for a special test, providedl the plant
records show the pump was operated at leastjonce every
3 mo at the reference conditions, and the quantities spec-
ified were determined, recorded, and analyZed per sec-
tion ISTF-6000.

ISTF-3420 Pumps in Systems Out of Seryice. For a
pump in a system declared inoperable or npt required
to be operable, the test schedule need not be followed.

ence valtes, apply. Deviations between the previous and
new set of reference values shall be evaluated, and verifi-
cation that the new values represent acceptable pump
operation shall be placed in the record of tests (see
section ISTF-9000).

ISTF-3320 Establishment of Additional Set of
Reference Values. If it is necessary or desirable, for
some reason other than stated in para. ISTF-3310, to
establish an additional set of reference values, an inser-
vice test shall be run at the conditions of an existing set
of reference values and the results analyzed. If operation

Within 3 mo before the system is placed in an operable
status, the pump shall be tested and the test schedule
followed in accordance with the requirements of this
Subsection.

ISTF-3500 Data Collection

ISTF-3510 General
(a) Accuracy. Instrument accuracy shall be within the
limits of Table ISTF-3510-1. If a parameter is determined
by analytical methods instead of measurement, then the
determination shall meet the parameter accuracy
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SUBSECTION ISTF

Table ISTF-3510-1 Required Instrument Accuracy

Preservice and
Inservice Tests,

Quantity %
Pressure Y,
Flow rate +2
Speed +2
Vibration +5
Differential pressure Y,

ASME OM-2012

between the pressure at a point in the inlet and the
pressure at a point in the discharge pipe shall be used.

ISTF-3530 Rotational Speed. Rotational speed mea-
surements of variable speed pumps shall be taken by a
method that meets the requirements of para. ISTF-3510.

ISTF-3540 Vibration

(a) On centrifugal pumps, except vertical line shaft
pumps, measurements shall be taken in a plane approxi-
mately pprppndimﬂar to the rn’ra’ring shaft in two

requirement of Table ISTF-3510-1 (e.g., flow rate deter-
mination shall be accurate to within +2% of actual). For
individual fanalog instruments, the required accuracy is
percent of flull-scale. For digital instruments, the required
accuracy iqover the calibrated range. For a combination
of instruments, the required accuracy is loop accuracy.

(b) Rangp

(1) The full-scale range of each analog instrument
shall be ndt greater than 3 times the reference value.

(2) Digital instruments shall be selected such that
the referenfe value does not exceed 90% of the calibrated
range of tle instrument.

(3) Vipration instruments are excluded from the
range reqyirements of subparas. ISTF-3510(b)(1) and
ISTF-3510(p)(2).

(c) Instryment Location. The sensor location shall be
established by the Owner, documented in the plant rec=
ords (see dection ISTF-9000), and shall be appropridte
for the pafameter being measured. The same loeation
shall be uspd for subsequent tests. Instruments ‘that are
position sesitive shall be either permanently mounted,
or provisign shall be made to duplicate-their position
during each test.

(d) Fluctuations. Symmetrical damping devices or
averaging fechniques may be uséd 10 reduce instrument
fluctuations. Hydraulic instrufnents may be damped by

approximately orthogonal directions on each @cdessible
pump-bearing housing. Measurement shall-alse be taken
in the axial direction on each accessiblé pump-thrust-
bearing housing.

(b) On vertical line shaft pumps,measurements shall
be taken on the upper motor-béaring housing ip three
approximately orthogonal directions, one of which is
the axial direction.

(c) On reciprocating pumps, the location shal] be on
the bearing housing of’the crankshaft, approximately
perpendicular to/both the crankshaft and the [line of
plunger travel.

(d) If a portable vibration indicator is used, the mea-
surement points shall be clearly identified on thq pump
to permit’subsequent duplication in both locatipn and
plane:

ISTF-3550 Flow Rate. When measuring flow|rate, a
rate or quantity meter shall be installed in thel pump
test circuit. If a meter does not indicate the flqw rate
directly, the record shall include the method ysed to
reduce the data. Internal recirculated flow is not r¢quired
to be measured. External recirculated flow is r¢quired
to be measured if such flow is present during the[design
function of the pump.

ISTF-4000 TO BE PROVIDED AT A LATER DATE
ISTF-5000 SPECIFIC TESTING REQUIREMENT]S

using gagé¢ snubbers or bytthrottling small valves in
instrumend lines. A preservice test may be substituted for any| inser-
(e) Frequency Response Range. The frequency response  Vice test.
range of the vibratigh-measuring transducers and their
readout sygtem $hall be from one-third minimum pump ~ ISTF-5100 Centrifugal Pumps (Except Vertical Line
shaft rotatjonal-speed to at least 1,000 Hz. Shaft Centrifugal Pumps)
tr—Duration Uch::L'b. Forthemmservicetestafte pump

ISTF-3520 Pressure

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

(b) Differential Pressure. When determining differen-
tial pressure across a pump, a differential pressure gage
or a differential pressure transmitter that provides direct
measurement of the pressure difference or the difference
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conditions are as stable as the system permits, each
pump shall be run at least 2 min. At the end of this time
at least one measurement or determination of each of
the quantities required by Table ISTF-3000-1 shall be
made and recorded.

(b) Bypass Loops. A bypass test loop may be used for
an inservice test, provided the flow rate through the loop
meets the requirements as specified in para. ISTF-3300.

ISTF-5110 Preservice Testing. The parameters to be
measured are specified in Table ISTF-3000-1.
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Table ISTF-5120-1

SUBSECTION ISTF

Centrifugal Pump Test Acceptance Criteria

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High
Inservice Test N/A Q 0.94 to 1.06Q, 0.90 to <0.94Q, <0.90Q, >1.06Q,
[Notes (1), (2] N/A AP 0.93 to 1.06AP, 0.90 to <0.93AP, <0.90AP, >1.06AP,
<600 rpm VgorV, <2.5V, >2.5V, to 6V, or None >6V, or
>10.5 to 22 mils >22 mils
(266.7 to 558.8 um) (558.8 wm)
>600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or
03 25—+0~0—F—Hi5: >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)

GENERAL NOTE:
denotes| displacement.

NOTES:

(1) Vibrption parameter per Table ISTF-3000-1. V, is vibration reference value in the selected units.

The subscript r denotes reference value, the subscript v denotes vibration velocity reference valué,“and the subscript d

(2) Refdr to Fig. ISTB-5223-1 to establish displacement limits for pumps with speeds =600 rpm or velocity limits for pumps wjth speeds

<600 rpm.

(a) Klow rate and differential pressure shall be mea-
sured ft a minimum of five points. If practicable, these
points[shall be from pump minimum flow to at least
pump [design flow. A pump curve shall be established
based pn the measured points. At least one point shall
be dedignated as the reference point(s). Data taken at
the reference point will be used to compare the results
of insgrvice tests.

(b) Yibration measurements are only required to-be
taken ft the reference point(s).

ISTE-5120 Inservice Testing. Inservice tests'shall be
condug¢ted with the pump operating at a specified refer-
ence |point. The test parameters -shown in
Table ISTF-3000-1 shall be determined and recorded as
requirgd by this paragraph. The test'shall be conducted
as follpws:

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

(b) Kor centrifugal.and vertical line shaft pumps, the
resistahce of the system shall be varied until the flow
rate equals thedeference point. The differential pressure
shall then be.determined and compared to its reference
value. |Altefnatively, the flow rate shall be varied until
the differéntial pressure equals the reference point and

vibration meastirements shall be compared [to both the
relative and) absolute criteria shown in th¢ alert and
requirediaction ranges of Table ISTF-5120-1) For exam-
ple, ifovibration exceeds either 6V, or (.7 in./sec
(1.7 @m/s), the pump is in the required actipn range.

ISTF-5200 Vertical Line Shaft Centrifugal Fumps

(a) Duration of Tests. For the inservice test, pfter pump
conditions are as stable as the system pefmits, each
pump shall be run at least 2 min. At the end pf this time
at least one measurement or determination| of each of
the quantities required by Table ISTF-3000-1 shall be
made and recorded.

(b) Bypass Loops. A bypass test loop may pe used for
an inservice test, provided the flow rate through the loop
meets the requirements as specified in para]ISTF-3300.

ISTF-5210 Preservice Testing. The pararheters to be
measured are specified in Table ISTE-3000-1}.

(a) Flow rate and differential pressure shpll be mea-
sured at a minimum of five points. If practi¢able, these
points shall be from pump minimum flow|to at least
pump design flow. A pump curve shall be pstablished
based on the measured points. At least one[point shall
be designated as the reference point(s). DeETa taken at

the reference point shall be used to compare the results

the flow rate determined and compared to the reference
flow rate value.

(c) Vibration (displacement or velocity) shall be deter-
mined and compared with corresponding reference val-
ues. Vibration measurements are to be broad band
(unfiltered). If velocity measurements are used, they
shall be peak. If displacement amplitudes are used, they
shall be peak-to-peak.

(d) All deviations from the reference values shall be
compared with the ranges of Table ISTE-5120-1 and cor-
rective action taken as specified in para. ISTF-6200. The

of mnservice tests.
(b) Vibration measurements are only required to be
taken at the reference point(s).

ISTF-5220 Inservice Testing. Tests shall be con-
ducted with the pump operating at a specified reference
point. The test parameters shown in Table ISTF-3000-1
shall be determined and recorded as required by this
paragraph. The test shall be conducted as follows:

(1) The pump shall be operated at nominal motor
speed for constant speed drives or at a speed adjusted
to the reference point (+1%) for variable speed drives.
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Table ISTF-5220-1

ASME OM-2012

Vertical Line Shaft and Centrifugal Pump Test Acceptance Criteria

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High
Inservice Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.93Q, >1.06Q,
[Notes (1), ()] N/A AP 0.95 to 1.06AP, 0.93 to <0.95AP, <0.93AP, >1.06AP,
<600 rpm VgorV, <2.5V, >2.5V, to 6V, or None >6V, or
>10.5 to 22 mils >22 mils
(266.7 to 558.8 um) (558.8 pm)
2600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or
08-325-t0-6-7th-f5e 8-Ain./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)

GENERAL NOJE:

denotes dispjacement.

NOTES:

(1) Vibration

(2) Refer to
<600 rpm.

(b) The fesistance of the system shall be varied until
the flow rafte equals the reference point. The differential
pressure shall then be determined and compared to its
reference vplue. Alternatively, the flow rate shall be var-
ied until the differential pressure equals the reference
point and [the flow rate determined and compared to
the reference flow rate value.

(c) Vibrdtion (displacement or velocity) shall be deter=
mined and|compared with corresponding reference val-
ues. Vibration measurements are to be broad\band

The subscript r denotes reference value, the subscript v denotes vibration velocity reference value, and the su

parameter per Table ISTF-3000-1. V, is vibration reference value in the selected units.
ig. ISTB-5223-1 to establish displacement limits for pumps with speeds 2600 rpm or velocity limijts.for pumps with sgeeds

(unfiltered
shall be pe
shall be pe

(d) All d
compared
rective acti
vibration 1
relative ary
required a
ple, if vib
(1.7 cm/s)

ISTF-5300

). If velocity measurements are used/ they
hk. If displacement amplitudes are.used, they
ak-to-peak. (See Fig. ISTB-5223-1.)

eviations from the reference yvalues shall be
ith the ranges of Table ISTF-5220-1 and cor-
on taken as specified in‘para. ISTF-6200. The
heasurements shall‘be compared to both the
d absolute critefias'shown in the alert and
tion ranges of Table ISTF-5220-1. For exam-
ration exceeds either 6V, or 0.7 in./sec
the purip,is in the required action range.

Positive Displacement Pumps

(a) Dura

script d

(a) For positive displacement pumps, reference values
shall be takenat or near pump design pressure [for the
parameters specified in Table ISTF-3000-1.

(b) Nibration measurements are only required to be
taken at the reference point(s).

ISTF-5320 Inservice Testing. Tests shall Be con-
ducted with the pump operating at a specified reference
point. The test parameters shown in Table ISTF{3000-1
shall be determined and recorded as required py this
paragraph. The test shall be conducted as follows:

(a) The pump shall be operated at nominalf motor
speed for constant speed drives or at a speed adljusted
to the reference point (+1%) for variable speed drives.

(b) The resistance of the system shall be varied until
the discharge pressure equals the reference poiht. The
flow rate shall then be determined and comparefd to its
reference value.

(c) Vibration (displacement or velocity) shall b¢ deter-
mined and compared with corresponding refererjce val-
ues. Vibration measurements are to be broad band
(unfiltered). If velocity measurements are usegl, they
shall be peak. If displacement amplitudes are used, they

. Vala iR I +1 . . r L £
turt Uj IE5L5. 1'UL UIT ITISTIVILT ITSL, dILTL lJLllllP

conditions are as stable as the system permits, each
pump shall be run at least 2 min. At the end of this time
at least one measurement or determination of each of
the quantities required by Table ISTF-3000-1 shall be
made and recorded.

(b) Bypass Loops. A bypass test loop may be used for
an inservice test, provided the flow rate through the loop
meets the requirements as specified in para. ISTF-3300.

ISTF-5310 Preservice Testing. The parameters to be
measured are specified in Table ISTE-3000-1.
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shall be peak-to-peak.

(d) All deviations from the reference values shall be
compared with the ranges of Table ISTF-5320-1 or
Table ISTF-5320-2, as applicable, and corrective action
taken as specified in para. ISTF-6200. For reciprocating
positive displacement pumps, vibration measurements
shall be compared to the relative criteria shown in the
alert and required action ranges of Table ISTF-5320-1.
For all other positive displacement pumps, vibration
measurements shall be compared to both the relative
and absolute criteria shown in the alert and required
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Table ISTF-5320-1 Positive Displacement Pump (Except Reciprocating)

Test Acceptance Criteria

SECTION ISTF

Required Action Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High
Inservice Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.93Q, >1.06Q,
[Notes (1), (2)] N/A P 0.93 to 1.06P, 0.90 to <0.93P, <0.90P, >1.06P,
<600 rpm VyorV, <2.5V, >2.5V, to 6V, or None >6V, or
>10.5 to 22 mils >22 mils
(266.7 to 558.8 pm) (558.8 pm)
ZOUU TPT vV, Or Vg 72OV, DOV, 0 OV, Orf NOTTE >6V, or
>0.325 to 0.7 in./sec >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)

GENERAL NOTE:
denotes| displacement.

NOTES:

The subscript r denotes reference value, the subscript v denotes vibration velocity reference_ value, and th

(1) Vibrption parameter per Table ISTF-3000-1. V, is vibration reference value in the selected units.

(2) Refdr to Fig. ISTB-5223-1 to establish displacement limits for pumps with speeds =600 rpm or velocity limits for pumps w|

<60 rpm.

Table ISTF-5320-2 Reciprocating Positive Displacement Pump Test Acceptance Criterif

e subscript d

th speeds

Required Aclion Range

Pump Test Acceptable
Test Type Speed Parameter Range Alert Range Low High
Inservicg Test N/A Q 0.95 to 1.06Q, 0.93 to < 0.95Q, <0.93Q, >1.06Q,
N/A P 0.93 to 1.06P, 0.90 to < 0.93P, < 0.90P, > 1.06P,
N/A VyorV, <2.5V, > 2.5V, to 6V, None > 6V,

GENERAL NOTE:
denotes| displacement.

action ranges of Table ISTF-5320-2. For example, if vibra-
tion exceeds either 6V, or 0.7 in./see. (1.7 cm/s), the
pump [is in the required action range.

ISTF-6000 MONITORING,ANALYSIS, AND
EVALUATION

ISTF-6100 Trending

Test|parameters, shown in Table ISTF-3000-1, except
for fix¢d values, shall be trended.

ISTF-6R00__Corrective Action

The subscript r denotes reference value, the~subscript v denotes vibration velocity reference value, and the subscript d

declared inoperable until either the cause of the devia-
tion has been determined and the condition i corrected,
or an analysis of the pump is performed in jaccordance
with subpara. ISTF-6200(c).

(c) Analysis. In cases where the pump’s t¢st parame-
ters are within either the alert or required adtion ranges
of Table ISTF-5120-1, Table ISTF-5220-1,
Table ISTF-5320-1, or Table ISTF-5320-2, as |applicable,
an analysis may be performed that supports the pump’s
continued use at the changed values. This arjalysis shall
include verification of the pump’s operationall readiness.
The analysis shall include both a pump level and a
system level evaluation of operational readiness, the

(a) Alert Range. If the measured test parameter values
fall within the alert range of Table ISTF-5120-1,
Table ISTF-5220-1, Table ISTF-5320-1, or
Table ISTF-5320-2, as applicable, the frequency of testing
specified in para. ISTF-3400 shall be doubled until the
cause of the deviation is determined and the condition
is corrected, or an analysis of the pump is performed
in accordance with subpara. ISTE-6200(c).

(b) Action Range. If the measured test parameter val-
ues fall within the required action range of
Table ISTF-5120-1, Table ISTF-5220-1, Table ISTE-5320-1,
or Table ISTF-5320-2, as applicable, the pump shall be
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cause of the change in pump performance, and an evalu-
ation of all trends indicated by available data. The analy-
sis shall also consider whether new reference values
should be established and shall justify the adequacy of
the new reference values, if applicable. The results of
this analysis shall be documented in the record of tests
(see section ISTF-9000).

ISTF-6300 Systematic Error

When a test shows measured parameter values that
fall outside of the acceptable range of Table ISTF-5120-1,
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SUBSECTION ISTF

Table ISTF-5220-1, Table ISTF-5320-1, or
Table ISTF-5320-2, as applicable, that have resulted from
an identified systematic error, such as improper system
lineup or inaccurate instrumentation, the test shall be
rerun after correcting the error.

ISTF-6400 Analysis of Related Conditions

If the reference value of a particular parameter being
measured or determined can be significantly influenced
by other related conditions, then these conditions shall

ASME OM-2012

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

(b) a copy or summary of the manufacturer’s accept-
ance test report if available

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

ISTF-9200 Test Plans

be analyze A*and documented 1n the record of tests (see
section ISTF-9000).

In addition to the requirements of paras. ISTIA-3110
and ISTA-3160, the test plans and procedurép shall
include the following:

ISTF-7000, RESERVED (1) type of each pump

ISTF-8000, RESERVED (b) the hydraulic circuit to be used

ISTF-9000, RECORDS AND REPORTS (c) the location and type ofimeasurement for the
ISTF-9100 [ Pump Records required test parameters

The Owner shall maintain a record that shall include
the followihg for each pump covered by this Subsection:

2 Vibration|measurements of pumps may be foundation, driver,
or piping dgpendent. Therefore, if initial vibration readings are
high and havle no obvious relationship to the pump, then vibration
measurements should be taken at the driver, at the foundation, and
on the piping and analyzed to ensure that the reference vibration
measurements are representative of the pump and the measured
vibration lefels will not prevent the pump from fulfilling its
function.

values
bn

(d) the method of determining test parameter
that are not directly meastired by instrumentati

ISTF-9300 Record of Tests
See para. ISTA-9230.

ISTF-9400 Record of Corrective Action
See para. ISTA-9240.
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DIVISION 1

Division 1, Mandatory Appendix I
Inservice Testing of Pressure Relief Devices in Light-Water
Reactor Nuclear Power Plants

1-100Q GENERAL REQUIREMENTS
I-1100 Applicability

The [requirements of this Mandatory Appendix apply
to certhin pressure relief devices (included in Section II
of the ASME Boiler and Pressure Vessel Code, hereafter
knowr] as the BPV Code).

I-1120 Limitations

(a) The requirements of this Mandatory Appendix
recogniize differences between the installed operating
conditjons and the conditions under which a pressure
relief device may be tested. For a specific pressure relief
device|design, if the parameter to be tested is dependent
on copditions not specifically addressed by these
requir¢ments, the installed operating condition and the
test condition shall be comparable, or proven correla-
tions shall be applied.

(b) The requirements of this Mandatory Appendix
apply pnly to pressure relief devices required for over-
pressufre protection.

(c) The requirements of this Mandatory Appendix are
not infended to demonstrate conformance-to design
specififation requirements.

(d) The requirements of this Mandatory Appendix are
not intpnded to verify or demonstrate-all aspects of pres-
sure rglief device operation.

1-1200 Definitions

The [following definitions are provided to ensure a
unifom understanding of select terms used in this
Mand3gtory AppendiX. Definitions for other related pres-
sure rglief deviee terms can be found in Appendix I of
ANSIJASME-PTC 25, Pressure Relief Devices.

ambieny temiperature: the temperature range of the envi-

auxiliary actuating device: a device requiring pn external
energy source to provide inservice remot¢ actuation
capability of a pressure relief valve with inlet|static pres-
sure below set-pressure.

bellows alarm switch: an electropneumatic switch used in
pilot-operated pressure relief valves to detgct a failure
of the pressure integrity-of the pilot bellows| the failure
of which may prevent;epening of the primdry valve.

control rings: internal rings used to adjust the opening
characteristic, blowdown, and lift of a prepsure relief
valve.

gag: a miechanical device installed on a pressure relief
valve tQ-restrict or prevent lift.

historical data form: a form for recording test [results and
maintenance history of a pressure relief deyice.

normal system operating conditions (fluid, pressyre, tempera-
ture): system fluid, pressure, and temperaturg range dur-
ing the phase(s) of plant operation for which that system
is intended to function.

overpressure protection: the means by which domponents
are protected from overpressure by the use pf pressure
relieving devices or other design provisions ps required
by the BPV Code, Section III, or other applicable con-
struction codes.

power-actuated relief valve: a relief valve in|which the
major relieving device is combined with and controlled
by a device requiring an external source of jenergy.

remote actuation: actuation of a pressure rglief device
through a generated signal rather than by |inlet static
pressure.

thermal relief application: a relief device whosg only over-
pressure protection function is to protect isolated com-

ronment surrounding a pressure relief device at its
installed plant location during the phase(s) of plant oper-
ation for which the device is required for overpressure
protection.

assist device: a pneumatic, hydraulic, or mechanical
device applied to a pressure relief valve for set-pressure
testing to assist inlet static pressure in opening the valve.

! This Mandatory Appendix contains requirements to augment
the rules of Subsection ISTC, Inservice Testing of Valves in
Light-Water Reactor Nuclear Power Plants.

ponents, systems, or portions of systems from fluid
expansion caused by changes in fluid temperature.

valve group: valves of the same manufacturer, type, sys-
tem application, and service media.

I-1300 Guiding Principles

I-1310 General

(a) Operation and Maintenance Instructions. Complete
operation and maintenance instructions shall be avail-
able for each device. This Mandatory Appendix shall
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DIVISION 1

be supplemented by these operating and maintenance
instructions.

(b) Valve Testing Frequency. A frequency for valve test-
ing is required by this Mandatory Appendix to provide
assurance of the valve operational readiness.

(c) Valve Disassembly. This Mandatory Appendix
does not require valves or accessories to be disassembled
or removed from their installed position.

(d) Visual Examination. Visual examinations shall be
performed in accordance with the Owner’s examination
procedureq and shall be documented.

(e) Acceptance Criteria. The Owner, based upon sys-
tem and vflve design basics or technical specification,
shall establish and document acceptance criteria for tests
required by this Mandatory Appendix.

1-1320
Valves

(a) 5-Yr(Test Interval. Class 1 pressure relief valves
shall be tested at least once every 5 yr, starting with
initial elecfric power generation. No maximum limit is
specified fpr the number of valves to be tested within
each intervlal; however, a minimum of 20% of the valves
from each yalve group shall be tested within any 24-mo
interval. This 20% shall consist of valves that have not
been tested during the current 5-yr interval, if they exist.
The test inferval for any installed valve shall not exceed
5 yr. The 5tyr test interval shall begin from the date of
the as-left pet pressure test for each valve.

(b) Repldcement With Pretested Valves. The Owner may,
satisfy tegting requirements by installing pretested
valves to rpplace valves that have been in service,\pro-
vided that

(1) fof replacement of a partial complement of
valves, the|valves removed from service,shall be tested
prior to rejumption of electric power generation or

(2) fof replacement of a full complément of valves,
the valves fremoved from serviceshall be tested within
12 mo of rpmoval from the system

(c) Requfrements for TestingyAdditional Valves. Addi-
tional valvps shall be tested in accordance with the fol-
lowing requirements:

(1) Fof each valve tested for which the as-found
set-pressutfe (first.test actuation) exceeds the greater of
either the [plus7Zminus tolerance limit of the Owner-
established sét-pressure acceptance criteria of subpara.

Test Frequencies, Class 1 Pressure Relief

ASME OM-2012

Owner-established acceptance criteria for other required
tests, such as the acceptance of auxiliary actuating
devices, compliance with Owner’s seat tightness criteria,
etc. Based upon this evaluation, the Owner shall deter-
mine the need for testing in addition to the minimum
tests specified in subpara. I-1320(c) to address any
generic concerns that could apply to valves in the same
or other valve groups.

I1-1330 Test Frequency, Class 1 Nonreclosing Pressure

. Class I monrectosing pressurg relief

devices shall be replaced every 5 yr unless historidal data
indicates a requirement for more frequent‘repladement.

I-1340 Test Frequency, Class 1 Pressure Relief{ Valves
That Are Used for Thermal Relief Application. Tests shall
be performed in accordance with para. I-1320, Test
Frequencies, Class 1 PressuréiRelief Valves.

I1-1350 Test Frequency, Classes 2 and 3 Pressure
Relief Valves
(a) 10-Yr Test Intexval. Classes 2 and 3 pressute relief
valves, with theyexception of PWR main steam| safety
valves, shall.be tested every 10 yr, starting with initial
electric power generation. No maximum limit ig speci-
fied for the number of valves to be tested duripg any
single plant operating cycle; however, a minimjum of
20%-of the valves from each valve group shall b tested
within any 48-mo interval. This 20% shall corjsist of
valves that have not been tested during the current 10-yr
test interval, if they exist.
The test interval for any installed valve shall not
exceed 10 yr. The 10-yr test interval shall begin from the
date of the as-left set pressure test for each valvg. PWR
main steam safety valves shall be tested in accqrdance
with para. I-1320.
(b) Replacement With Pretested Valves. The Ownler may
satisfy testing requirements by installing prdtested
valves to replace valves that have been in servide, pro-
vided that
(1) for replacement of a partial complenent of
valves, the valves removed from service shall bq tested
within 3 mo of removal from the system or [before
resumption of electric power generation, whichever is
later or
(2) for replacement of a full complement of [valves,

I-1310(e) or +3% of valve nameplate set-pressure, two
additional valves shall be tested from the same valve

" group.

(2) If the as-found set-pressure of any of the addi-

. tional valves tested in accordance with subpara.
1-1320(c)(1) exceeds the criteria noted therein, then all

remaining valves of that same valve group shall be

' tested.

(3) The Owner shall evaluate the cause and effect
of valves that fail to comply with the set-pressure accept-
ance criteria established in subpara. I-1320(c)(1) or the

the valves removed from service shall be tested within
12 mo of removal from the system

(c) Requirements for Testing Additional Valves. Addi-
tional valves shall be tested in accordance with the fol-
lowing requirements:

(1) For each valve tested for which the as-found
set-pressure (first test actuation) exceeds the greater of
either the +tolerance limit of the Owner-established set-
pressure acceptance criteria of subpara. I-1310(e) or +3%
of valve nameplate set-pressure, two additional valves
shall be tested from the same valve group.

(12)
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(2) If the as-found set-pressure of any of the addi-
tional valves tested in accordance with
subpara. I-1350(c)(1) exceeds the criteria noted therein,
then all remaining valves of that same valve group shall
be tested.

(3) The Owner shall evaluate the cause and effect
of valves that fail to comply with the set-pressure accept-
ance criteria established in subpara. I-1350(c)(1) or the
Owner-established acceptance criteria for other requlred

generif concerns that could apply to valves in the same
or oth¢r valve groups.

I-1360 Test Frequency, Classes 2 and 3 Nonreclosing
Press]lIe Relief Devices. Classes 2 and 3 nonreclosing
pressule relief devices shall be replaced every 5 yr, unless
historifal data indicates a requirement for more frequent
replac¢ment.

I-1370 Test Frequency, Classes 2 and 3 Primary

Contaipment Vacuum Relief Valves

(a) Tests shall be performed on all Classes 2 and 3
contaipment vacuum relief valves at each refueling out-
age orlevery 2 yr, whichever is sooner, unless historical
data r¢quires more frequent testing.

(b) lLeak tests shall be performed on all Classes 2and
3 contdinment vacuum relief valves at a frequeney,desig-
nated| by the Owner in accordance with
Table ISTC-3500-1.

I-1380 Test Frequency, Classes 2 and-3 Vacuum Relief
Valves| Except for Primary Containmént Vacuum Relief
Valves| All Classes 2 and 3 vacuum relief valves shall
be tesfed every 2 yr, unless(pérformance data suggest
the nepd for a more approptiate test interval.

1-1390 Test Frequency, Classes 2 and 3 Pressure
Relief| Devices That Are Used for Thermal Relief
Application. ‘Tests shall be performed on all Classes 2
and 3 [reliefsdevices used in thermal relief application
every 10 YL unless performance data indicate more fre-
quent [te i
may replace “the relief devrces at a frequency of every
10 yr, unless performance data indicate more frequent
replacements are necessary.

1-1400 Instrumentation

1-1410 Set-Pressure Measurement Accuracy. Test
equipment (e.g., gages, transducers, load cells, calibra-
tion standards) used to determine valve set-pressure,
shall have an overall combined accuracy not to exceed
+1% of the indicated (measured) set-pressure.

DIVISION 1

1-2000 BOILING WATER REACTORS (BWR) —
INTRODUCTION

Sections 1-3000, I-4000, and I-5000 define the require-
ments for performance testing of pressure relief devices
for boiling water reactor nuclear power plants. The
valves subject to examination and tests are categorized.
Responsibilities, examination methods, examination
techniques, test methods, examination and test frequen-
cies, records, and maintenance requlrements are defined.

groyp shall be
tested to the requlrements of paras. I- 3100hnd 1-3400.
Replacement valves, not of the same Walve |group pre-
viously used, shall be tested to the.tequifements of
paras. 1-3100 and 1-3200.

1-3000 BWR PRESSURE-RELIEF DEVICE TESTING
I-3100 Testing Before’Initial Installation

1-3110 Class, 1-Main Steam Pressure Relief Valves
With Auxiliary~Actuating Devices. Tests sHall be per-
formed in<the” following sequence, or marjufacturer’s
production tests may be accepted for subpargs. I-3110(b)
through(d), provided the valve passes visual examina-
tiondn accordance with the Owner’s expmination
procedures:

(a) visual examination

(b) set-pressure determination

(c) accessories [see subparas. I-3310(d) through (h)]

(d) determination of compliance with the Owner’s
seat tightness criteria

I-3120 Class 1 Main Steam Pressure Relief Valves
Without Auxiliary Actuating Devices. Tests shall be per-
formed in the following sequence, or marjufacturer’s
production tests may be accepted for subpargs. I-3120(b)
and (c), provided the valve passes visual exafnination in
accordance with the Owner’s examination procedures:

(a) visual examination

(b) set-pressure determination

(c) determination of compliance with tHe Owner’s
seat tightness criteria

I-3130 Other Class 1 Pressure Relief Valves. Tests
shall be performed in the f0110w1ng sequence, or manu-
d for sub-
para. I 3130(b) and (c), prov1ded the Valve passes visual
examination in accordance with the Owner’s examina-
tion procedures:

(a) visual examination

(b) set-pressure determination

(c) determination of compliance with the Owner’s
seat tightness criteria

1-3140 Class 1 Nonreclosing Pressure Relief
Devices. The device shall pass visual examination in
accordance with the Owner’s examination procedures.
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DIVISION 1

I-3150 Classes 2 and 3 Pressure Relief Valves.
Tests shall be performed in the following sequence, or
manufacturer’s production tests may be accepted for
subparas. 1-3150(b) and (c), if the valve passes visual
examination in accordance with the Owner’s examina-
tion procedures:

(a) visual examination
(b) set-pressure determination
(c) determination of compliance with the Owner’s

ASME OM-2012

(b) Compliance with the Owner’s seat tightness crite-
ria shall be verified.

I1-3300 Periodic Testing

Periodic testing of all pressure relief devices is
required. No maintenance, adjustment, disassembly, or
other activity that could affect “as found” set-pressure
or seat tightness data is permitted prior to testing. Con-
trol ring adjustment is permitted per subparas. I-4110(g)
and 1-4120(g). Test frequencies are specified in

seat tightness criteria
. . paras. 1-1320, I-1330, 1-1340, 1-1350, 1-1360, I-1370,{I-1380,
I:3160 HClasses ,2 and 3 Nonreclqsmg Pressyre ‘Rel'?f and 1-1390. When on-line testing is performed, to[satisfy
Devices. he. devices shall pass V1§ual.exammat1on m periodic testing requirements, visual examinatign may
accordancqd with the Owner’s examination procedures. be performed out of sequence.
1-3170 (Classes 2 and 3 Vacuum Relief Valves. The I-3310 Class 1 Main Steam Pressure Relief|Valves

valves shalll pass visual examination in accordance with
the Ownerfs examination procedures.

I-3200 Testing Before Initial Electric Power
Generation

I-3210 [Class 1 Main Steam Pressure Relief Valves
With Auxiljary Actuating Devices. After installation,
safety valvles and pilot-operated pressure relief valves
equipped [with auxiliary actuating devices shall be
remotely [actuated at reduced or normal system
operating pressure to verify open and close capability.
Set-pressufe verification is not required. Actuation pres-
sure of the auxiliary actuating device sensing element,

With Auxiliary Actuating Devices. , Tests before mainte-
nance or set-pressure adjustmient, or both, shall pe per-
formed for subparas. I-3310(@) through (c) in sequence.
The remaining shall be performed after maintengnce or
set-pressure adjustments.

(a) visual examination

(b) seat tighthess determination,” if practicabl

(c) set-pressure determination

(d) determination of electrical characteristics and
pressuredntegrity of solenoid valve(s)

(e) determination of pressure integrity and
capability of air actuator

[}

stroke

determination of operation and electrical ¢harac-
where applicable, and electrical continuity shall have (f) . e .p
- teristics of position indicators
been verified. o . .
(g) determination of operation and electrical ¢harac-

I-3220 [Class 1 Main Steam Pressure Relief Valves
Without Apxiliary Actuating Devices. Within 6 mo
before initilal reactor criticality, each valve shall.have its
set-pressute verified.

I1-3230 Other Class 1 Pressure Relief;Valves. Func-
tional testifg is not required. The deVige shall pass visual
examinatign in accordance with(the Owner’s examina-

teristics of bellows alarm switch
(h) determination of actuating pressure of ayxiliary
actuating device sensing element, where applicable, and
electrical continuity
(i) determination of compliance with the Owner’s
seat tightness criteria

1-3320 Class 1 Main Steam Pressure Relief|Valves

tion procedlures. Without Auxiliary Actuating Devices. Tests befor¢ main-

1-3240] Class 1 Norreclosing Pressure Relief tenance or set-pressure adjustment, or both, shall be
Devices. Hunctional te§ting is not required. The device performe?hfor subparas. 1'3320(?) throufgh (c) in
shall pass |[visual exdmination in accordance with the — S€quence. lheremainng shall be performed aftef main-
Owner’s efamination’ procedures tenance or set-pressure adjustment.

: . (a) visual examination

I-3250 |Classes 2 and 3 Pressure Relief Valves. (b) seat tightness determination,? if practicable
Functionalltesting is not required The device shall pass

visual examination in accordance with the Owner’s
examination procedures.

I-3260 Classes 2 and 3 Nonreclosing Pressure Relief
Devices. Functional testing is not required. The device
shall pass visual examination in accordance with the
Owner’s examination procedures.

1-3270 Classes 2 and 3 Vacuum Relief Valves

(a) After installation, these valves shall be actuated
to verify open and close capability and performance of
any pressure- and position-sensing accessories.

60

) set=pressure determirertion

(d) determination of operation and electrical charac-
teristics of position indicators

(e) determination of compliance with the Owner’s
seat tightness criteria

I-3330 Other Class 1 Pressure Relief Valves. Tests
before maintenance or set-pressure adjustment, or both,

% This test need not be performed at the same pressure as the
final seat tightness test. This test may be quantitative or qualitative,
dependant on the observed condition. This test is primarily for
gross determination of “as found” seat tightness.
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shall be performed for subparas. I-3330(a) through (c)
in sequence. The remaining shall be performed after
maintenance or set-pressure adjustment.

(a) visual examination

(b) seat tightness determination,? if practicable

(c) set-pressure determination

(d) verification of the integrity of the balancing device
on balanced valves

(e) determination of operation and electrical charac-

and shill meet the acceptance criteria established by the
Ownet’s examination procedure.

I-3350 Classes 2 and 3 Pressure Relief Valves. Tests
before[maintenance or set-pressure adjustment, or both,
shall He performed for subparas. I-3350(a) through (c)
in seqpence. The remaining shall be performed after
maintgnance or set-pressure adjustment.

(a) Yisual examination

(b) deat tightness determination,? if practicable

(c) det-pressure determination

(d) Yyerification of the integrity of the balancing devyice
on balpanced valves

(e) dletermination of compliance with the Owner’s

and shpll meet the acceptande criteria established by the
Ownet’s examination pregedure.

I-3370 Classes 2and 3 Vacuum Relief Valves

(a) The valves shall be actuated to verify open and
close dapability, set-pressure, and performance of any
pressufre and-position-sensing accessories.

(b) Compliance with the Owner’s seat tightness crite-
ria shdll be determined

DIVISION 1

refurbished, or replaced, in accordance with written pro-
cedures. Valves shall be adjusted to meet the acceptance
criteria of subpara. I-1310(e).

(c) Refurbished equipment shall be subjected to the
test(s) specified in para. I-3310, as applicable. If disas-
sembly includes valve disk (main) components, then
valve disk stroke capability shall be verified by mechani-
cal examination or tests.

(d) Each valve with an auxiliary actuating device that

i : esting and
reinstalled after meeting the requireménits of para.
1-3310, shall have the electrical and pneumgtic connec-
tions verified either through mechanicall electrical
inspection or test prior to the zesumption| of electric
power generation. Main (disk movement and
set-pressure verification arelriot required.

(e) Valves and accessoties that do not cqmply with
their respective acceptanee criteria, whether the problem
is associated with the component, the systenp, or associ-
ated equipment, shall be evaluated to detprmine the
ability of the yalve to perform its intended fupiction until
the next téstiffg interval or maintenance opportunity.
Corrective actions shall be taken, as appiopriate, to
ensure‘valve operability.

3420 Class 1 Main Steam Pressure Relief Valves
Without Auxiliary Actuating Devices :
(a) Valves that comply with their respective accept- -
ance criteria for the tests specified may be feturned to -
service without further testing.
(b) Valves that do not comply with their respective "
acceptance criteria shall be adjusted, refurbished, or '
replaced in accordance with written procedyres. Valves
shall be adjusted to meet the acceptance|criteria of
subpara. I-1310(e).
(c) Refurbished equipment shall be subjected to the
test(s) specified in para. I-3320, as applicable. If disas-
sembly includes valve disk (main) compohents, then
valve disk stroke capability shall be verified Hy mechani-
cal examination or tests.
(d) Valves and accessories that do not cqmply with
their respective acceptance criteria, whether the problem
is associated with the component, the systenp, or associ-
ated equipment, shall be evaluated to detprmine the
ability of the valve to perform its intended fupction until

I-3400 Disposition After Testing or Maintenance

I-3410 Class 1 Main Steam Pressure Relief Valves
With Auxiliary Actuating Devices
(a) Valves and accessories that comply with their
respective acceptance criteria for the tests specified may
be returned to service without further testing, except as
required by subpara. I-3410(d).
(b) Valves and accessories that do not comply with
their respective acceptance criteria shall be adjusted,
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the next testing interval or maintenance opportunity.
Corrective actions shall be taken, as appropriate, to
ensure valve operability.

I-3430 Other Class 1 Pressure Relief Valves

(a) Valves that comply with their respective accept-
ance criteria for the tests specified may be returned to
service without further testing.

(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or
replaced in accordance with written procedures. Valves

Not for Resale
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shall be adjusted to meet the acceptance criteria of
subpara. 1-1310(e).

(c) Refurbished equipment shall be subjected to the
test(s) specified in para. I-3330, as applicable. If disas-
sembly includes valve disk (main) components, then
valve disk stroke capability shall be verified by mechani-
cal examination or tests.

(d) Valves and accessories that do not comply with
their respective acceptance criteria, whether the problem
is associated with the component, the system, or associ-

ASME OM-2012

replaced in accordance with written procedures. Valves
shall be adjusted to meet the acceptance criteria of sub-
para. I-1310(e).

(c) Valves that have been refurbished shall be sub-
jected to test(s) specified in para. I-3370.

(d) Valves and accessories that do not comply with
their respective acceptance criteria, whether the problem
is associated with the component, the system, or associ-
ated equipment, shall be evaluated to determine the
ability of the valve to perform its intended function until

ated equiffment, shall be evaluated to determine the

the next testing interval or maintenance oppoftunity.

ability of the valve to perform its intended function until ~ Corrective actions shall be taken, as approprtiate, to
the next t¢sting interval or maintenance opportunity. ensure valve operability.
Correctivd actions shall be taken, as appropriate, to

ensure valye operability.

1-3440/ Class 1 Nonreclosing Pressure Relief
Devices. The device shall be periodically replaced in

I-4000 BWR TEST METHODS
I-4100 Set-Pressure Testing

accordancqd with para. 1-1330. The replacement device 1-4110 Steam Service

shall be visually examined at the time of installation (a) Test Media. Valves-designed to operate on| steam
and shall meet the acceptance criteria established by the  shall be set-pressure tested with saturated steam| Alter-
Owner’s examination procedure. native compressive fluids may be used as the testimedia,

I-3450 [Classes 2 and 3 Pressure Relief Valves

(a) Valvgs that comply with their respective accept-
ance criterfa for the tests specified may be returned to
service without further testing.

(b) Valves that do not comply with their respective

if correlation ddta between the alternative fluiid and
steam have.been established. The requirem¢nts of
para. 1-4300.shall apply for testing with alternatjve test
media.

(b, Accumulator Volume. The volume of the acc
tor,"drum and the pressure source flow rate s

imula-
hall be

acceptancg criteria shall be adjusted, refurbished, or
replaced irf accordance with written procedures. Valves sufficient to determine the valve set-pressure. |Valves
shall be afljusted to meet the acceptance criteria of may have their lifts restricted during set-prpssure
subpara. I{1310(e). testing.

(¢) Refugbished equipment shall be subjected-t0-the (c) Assist Devices. Assist devices may be used for set-
test(s) spedified in para. I-3350, as applicable, If-disas- pressure testing, provided the accuracy compli¢s with

sembly indludes valve disk (main) componerits, then
valve disk $troke capability shall be verified by mechani-
cal examination or tests.

(d) Valves and accessories that do,not comply with
their respe¢tive acceptance criteria, whether the problem
is associatdd with the component, the system, or associ-
ated equiffment, shall be-evaluated to determine the
ability of tle valve to perform its intended function until
the next t¢sting interval”or maintenance opportunity.
Correctivd action$shall be taken, as appropriate, to
ensure valye opérability.

I-3460 [Classes 2 and 3 Nonreclosing Pressure Relief

the requirements of para. I-1400.

(d) Thermal Equilibrium. Ambient temperatyre and
test media temperature shall be established and valve
thermal equilibrium confirmed before starting s¢t-pres-
sure testing. The valve shall be considered at thermal
equilibrium only when the valve body temperatfire has
stabilized and does not change more than 10°F |(5.5°C)
in 30 min as measured directly or determined by qorrela-
tion from other valve temperature measurements| Valves
insulated in service shall be insulated in a like thanner
during testing.

Verification of thermal equilibrium is not required for
valves that are tested at ambient temperature lsing a

Devices. The device shall be periodically replaced in
accordance with para. I-1360. The replacement device
shall be visually examined at the time of installation
and shall meet the acceptance criteria established by the
Owner’s examination procedure.

I-3470 Classes 2 and 3 Vacuum Relief Valves

(a) Valves that comply with their respective accept-
ance criteria for the tests specified may be returned to
service without further testing.

(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or
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test medium at ambient temperature.

(e) Ambient Temperature. The ambient temperature of
the operating environment shall be simulated during
the set-pressure test. If the effect of ambient temperature
on set-pressure can be established for a particular valve
type, then the valve may be set-pressure tested using
an ambient temperature different from the operating
ambient temperature. Correlations between the
operating and testing ambient temperatures shall com-
ply with the requirements of paras. 1-4320 and 1-4330.

(f) Superimposed Back Pressure
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(1) Consideration of variable or constant back pres-
sure in set-pressure setting is not required for balanced
pressure relief valves, if the back pressure does not
exceed 50% of the valve set-pressure. However, the set-
pressure shall consider the effects of bonnet pressure
when the bonnet vent is piped to a pressure or vacuum
discharge other than atmospheric.

(2) Constant superimposed back pressure in set-

valves|with constant superimposed back pressure, the
requir¢d set-pressure shall be calculated by subtracting
the superimposed back pressure from the stamped
set-prgssure.

(g) Control Rings. Adjust control rings to ensure valve
action[is permitted. For set-pressure acceptance testing,
contro} ring positions shall not be altered between suc-
cessivle openings. Adjusted control rings shall be
returnfed to their proper operating position prior to
return|to service, as documented by the Owner.

DIVISION 1

Valves insulated in service shall be insulated in a like
manner during testing.

Verification of thermal equilibrium is not required for
valves that are tested at ambient temperature using a
test medium at ambient temperature.

(e) Ambient Temperature. The ambient temperature of
the operating environment shall be simulated during
the set-pressure test. The ambient temperature shall be
established such that it can be duplicated as near as
practicable during subsequent tests. If the effect of ambi-
ent temperature on set-pressure can be established for a
particular valve type, then the valve may be’set-pressure
tested using an ambient temperature different from the
operating ambient temperature._Correlations between
the operating and testing ambient tempergtures shall
comply with the requiremyents of paras. [-4320 and
1-4330.

(f) Superimposed Back-Pressure

(1) Consideration(of variable or constant back pres-
sure in set-pressure)setting is not required f¢r balanced
pressure relief\Walves, if the back pressure does not
exceed 50% of.the valve set-pressure. Howeyer, the set-
pressure shall consider the effects of bonnpt pressure
when ¢the'bonnet vent is piped to a pressure|or vacuum

(i) Number of Tests. The number of openings at set- . .
.- . discharge other than atmospheric.
pressufre shall be sufficient to demonstrate satisfactory %) C i 4 back .
repeatpbility with a minimum of two consecutive open- (2) Constant superimposed back presqure in set-

ings within acceptance criteria. Any subsequent open-
ings af the same set point adjustment shall be within
acceptpnce criteria.

I-4
Steam
(a) Test Media. Valves shall be tested with the normal
systen] operating conditions. The testuxedia tempera-
ture shall be established such that it can be duplicated as
near a$ practicable during subsequent tests. Alternative
compressible fluids and different temperatures may be
used, provided the requirements of para. I-4300 are met.
Air or pitrogen may be substituted at the same tempera-
ture wiithout alternative-media testing per para. 1-4300.
(b) AccumulatorYolume. The volume of the accumula-
tor drpim andthe pressure source flow rate shall be
sufficignt to_detérmine the valve set-pressure. Valves

120 Compressible Fluid Services Other-Than

pressure setting shall be considered for npnbalanced
pressure relief valves when the back pressire exceeds
1% of the set-pressure. For conventional npnbalanced
valves with constant superimposed back pgessure, the
required set-pressure shall be calculated by pubtracting
the superimposed back pressure from the stamped set-
pressure.

(g) Control Rings. Adjustment of contrpl rings to
ensure valve action is permitted. For set-presgure accept-
ance testing, control ring positions shall nof be altered
between successive openings. Adjusted cqntrol rings
shall be returned to their proper operating position prior
to return to service, as documented by the PDwner.

(h) Time Between Valve Openings. A minimyim of 5 min
shall elapse between successive openings.

(i) Number of Tests. The number of openings at
set-pressure shall be sufficient to demonstrdte satisfac-

may Havetheir lifts restricted during set-pressure  tOry repeatability with a minimum of two ¢onsecutive
testing. openings within acceptance criteria. Any pubsequent
operings at thesame set pointadjustment siwll be within

(c) Assist Devices. Assist devices may be used for set-
pressure testing, provided the accuracy complies with
the requirements of para. I-1400.

(d) Thermal Equilibrium. Ambient temperature and
test media temperature shall be established and valve
thermal equilibrium confirmed before starting
set-pressure testing. The valve shall be considered at
thermal equilibrium only when the valve body tempera-
ture has stabilized and does not change more than 10°F
(56.5°C) in 30 min as measured directly or determined by
correlation from other valve temperature measurements.
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acceptance criteria.

I-4130 Liquid Service

(a) Test Media. Valves shall be tested with the normal
system operating conditions. The test media tempera-
ture shall be established such that it can be duplicated as
near as practicable during subsequent tests. Alternative
liquids and different temperatures may be used, pro-
vided the requirements of para. I-4300 are met.

(b) Accumulator Volume. There is no requirement of
minimum accumulator volume; however, the pressure
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tap for determining set-pressure shall be located at the
valve inlet.

(c) Assist Devices. Assist devices to determine set-
pressure are not permitted for liquid service pressure
relief valves.

(d) Thermal Equilibrium. Ambient temperature and
test media temperature shall be established and valve
thermal equilibrium confirmed before starting set-pres-
sure testing. The valve shall be considered at thermal

ASME OM-2012

I-4200 Seat Tightness Testing

Seat tightness testing shall be performed in accor-
dance with the Owner’s valve test procedure. Consider-
ation shall be given to test media, temperature stability,
and ambient temperature, as required in para. 1-4100.

Seat tightness testing shall be performed using the
same fluid used for set-pressure testing, except as pro-
vided by para. 1-4300.

I-4210 Inlet Pressure. The inlet pressure for seat

equlllbrlur\n r\n]} when-thevalze kr\rqy +ampnvahn~a has

stabilized gnd does not change more than 10°F (5.5°C)
in 30 min af measured directly or determined by correla-
tion from ofher valve temperature measurements. Valves
insulated ih service shall be insulated in a like manner
during tes{ing.

Verificatjon of thermal equilibrium is not required for
valves thaf are tested at ambient temperature using a
test mediufm at ambient temperature.

(e) Ambipnt Temperature. The ambient temperature of
the operatjng environment shall be simulated during
the set-prefsure test. The ambient temperature shall be
established such that it can be duplicated as near as
practicablg during subsequent tests. If the effect of ambi-
ent temperpture on set-pressure can be established for a
particular yalve type, then the valve may be set-pressure
tested usirfg an ambient temperature different from the
operating hpmbient temperature. Correlations between
the operating and testing ambient temperatures shall
comply with the requirements of paras. I-4320 and
1-4330.

(f) Supedimposed Back Pressure

(1) Cdnsideration of variable or constant back pres-
sure in set{pressure setting is not required for balanced
pressure relief valves, if the back pressure does not
exceed 50f0 of the valve set-pressute,)However, the
set-pressutfe shall consider the effects of bonnet pressure
when the Bonnet vent is piped t6 a)pressure or vacuum
discharge ¢ther than atmospheric.

(2) Constant superimposed back pressure in
set-pressutfe setting shall be considered for nonbalanced
pressure rdlief valvesswhen the back pressure exceeds
1% of the |set-pressure. For conventional nonbalanced
valves with constant superimposed back pressure, the
required s¢t-pressure shall be calculated by subtracting

leak testing shall be in accordance with one|of the
following;:

(a) maximum system operating pressure

(b) 90% of spring setting or 5 psigh\(34 kPa)|below
spring setting for valves having a/spring set-pfessure
less than 50 psig (344 kPa)

(c) pressure established.inh*Owner’s valy
procedure

I-4220 Acceptable Seat Tightness Testing Met
Table 1-4220-1 provides acceptable methods.
methods may bedetermined by the Owner.

e test

hods.
Other

1-4230 Acceptance Criteria for Seat Leakage Testing.
Either the original valve equipment design specification
criteria op acceptance criteria established by the Owner
in theValve test procedure shall be used for valye seat
leakage acceptance criteria.

1-4300 Alternative Test Media

Pressure relief devices may be subjected to s¢t-pres-
sure tests and seat tightness tests using a test mjedium
(fluid and temperature) other than that for whi¢h they
are designed, provided the testing complies with
paras. 1-4310, 1-4320, and 1-4330.

I-4310 Correlation. Correlation of pressur¢ relief
device operation, with respect to the parameterl under
test, shall be established for the specified altefnative
media, as compared with the operating media.

I-4320 Certification of Correlation Procedurg. The
Owner shall ensure that the correlation establighed in
accordance with the procedure will be of sufficient accu-
racy such that the pressure relief devices tedted or
adjusted, or both, using the alternate media, will gomply
with the acceptance criteria of the following:

the superimposed back pressure from the stamped set-
pressure.

(g) Time Between Valve Openings. A minimum of 5 min
shall elapse between successive openings.

(h) Number of Tests. The number of openings at
set-pressure shall be sufficient to demonstrate satisfac-
tory repeatability with a minimum of two consecutive
openings within acceptance criteria. Unless otherwise
stated in the test procedure, valve opening pressure shall
be that inlet pressure when a continuous, unbroken
stream of liquid is emanating from the valve outlet.
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(m)—subparagraph I=1326(cy or =1356(c) for determin-
ing the need to test additional valves

(b) subparagraph 1-4110(i), I-4120(i), or 1-4130(h) for
testing or adjusting valves, or both, for reuse

(c) paragraph 1-4230 for determining seat tightness

Results of the tests performed to verify the adequacy
of the alternate test media correlation shall be
documented.

I-4330 Procedure. A written procedure shall be pre-
pared by the Owner or the Owner’s designee and certi-
fied in accordance with the requirements of para. I-4320.
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Table 1-4220-1 Seat Tightness Testing Methods for Pressure Relief Devices
Used in Boiling Water Reactors
Service Fluid
Test Method Steam Air/Gas Liquids Remarks
Audible/visible X X X
API RP-527 X [Note (1)] X [Note (1)]
Air/gas under water X X R .
Downstream temperature X X X Installed valves
measurement only
Weighegtomdemnsate K itotettt - m. 10 min test
Volumetic or weight X Mig. 10 min test
measfirement
Cold ba X [Note (2)]
Acoustiq emission X X X
NOTES:
(1) On exposed spring valves, care must be exercised to ensure against leakage past the valve stem and\ddjacent valve piecds.
(2) Defiped as 1 in. diameter polished stainless steel bar at a temperature less than 100°F passed in-the' plane parallel to th¢ outlet
flange face.

The prpcedure shall specify all test parameters that affect documentationshall also include any recominendations
correldtion and shall include, but not be limited to, the = or modifications suggested by the manufactufer. Modifi-

followjng;:
gpecific description of test setup
(b) gpecific requirements for instrumentation
(c) dpecific requirements for assist equipment (if any)
(d) gpecific requirements for test operating conditions
(e.g., device temperature, ambient temperature, ambient
pressufe, etc.)
Test| parameters shall be listed (e.g., time between
openirgs, number of tests, etc.)

cation or cOrrective action, as outlined, shall pe recorded
and maintained for the period of time as out]ined in the
Owner‘s technical specifications.
(b)~Any device modification or adjustment
nameplate data shall be recorded on a data
modification or adjustment shall be made in
with the manufacturer’s published informat
have the concurrence of the manufacturer.
An additional nameplate, not bearing a Cpde symbol
stamp, shall be installed to reflect the ney data and

that affects
sheet. The
accordance
on or shall

I-5000 BWR RECORDS AND RECORD KEEPING reference to records maintained by the Owngr outlining
15104 Requirements the modification.
The |Owner shall maintain a record that shall include

the follJowing for each valve coyered by this Mandatory
Apper|dix:

(a) the manufacturer and\manufacturer’s model and
serial humber, or other, identifiers

(b) 3 copy or summary of the manufacturer’s accept-
ance t¢st report, if @vailable

(c) preservice test results

I-5200 Record"of Test
In adldition to the requirements of para. ISTA-9230, if

1-6000 PRESSURIZED WATER REACTORS
(PWR) — INTRODUCTION

Sections 1-7000, I-8000, and I-9000 define fhe require-
ments for performance testing of pressure relief devices
for pressurized water reactor nuclear power [plants. The
valves subject to examinations and tests are categorized.
Responsibilities, examination methods, eyamination
techniques, test methods, examination and t¢st frequen-
cies, records, and maintenance requirements qre defined.
Replacement valves of the same valve groyip shall be

testing—ts PCqululcd taccordatce-with paras s 4380, a
copy of the alternate test media correlation, test proce-
dure, and documentation of results of test performed to
verify the adequacy of the alternate test media shall be
retained.

I-5300 Record of Modification and Corrective Action

In addition to the requirements of para. ISTA-9240,
. the following requirements shall be met:

(a) The Owner shall document all modifications per-
. formed or corrective actions taken that affect the set-
© pressure of pressure relief devices or valves. The

65

tested to the requirements of paras. I-7100 and 1-7400.
Replacement valves not of the same valve group pre-
viously used shall be tested to the requirements of
paras. I-7100 and I-7200.

1-7000 PWR PRESSURE RELIEF DEVICE TESTING
I-7100 Testing Before Initial Installation

I-7110 Class 1 Safety Valves. Tests shall be per-
formed in the following sequence, or manufacturer’s
production tests may be accepted for subparas. I-7110(b)
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through (d), provided the valve passes visual examina-
tion in accordance with the Owner’s examination
procedures:

(a) visual examination

(b) set-pressure determination

(c) testing of accessories [see subparas. 1-7310(d)
through (f)]

(d) determination of compliance with the Owner’s
seat tightness criteria

ASME OM-2012

I-7200 Testing Before Initial Electric Power
Generation

I-7210 Class 1 Safety Valves. Within 6 mo before
initial reactor criticality, each valve shall have its set-
pressure verified. Set-pressure verification shall be
determined by pressurizing the system up to the valve
set-pressure and opening the valve, or the valve may be
tested at or below normal system operating pressures
with an assist device.

1-7120 [Class 1 Power Actuated Relief Valves. Tests I-7220 Class 1 Power-Actuated Relief Valves.| After
shall be pefformed in the following sequence, or manu- installation, each valve shall be remotely. acttigted at
facturer’s froduction tests may be accepted for subparas, ~ Normal system operating pressure to vetify opgn and
[-7120(b) through (d), provided the valve passes visual close capability.
e.xaminati n in accordance with the Owner’s examina- 1-7230 Other Class 1 Pressure Relief Valves. | Func-
tion proceqtures: tional testing is not required. The'device shall pasg visual

(a) visugl examination examination in accordance with the Owner’s examina-

(b) detefmination of functional capability

(c) testing of accessories [see subparas. 1-7320(d)
and (e)]

(d) detemination of compliance with the Owner’s
seat tightnpss criteria

I-7130 |Other Class 1 Pressure Relief Valves. Tests
shall be pefformed in the following sequence, or manu-
facturer’s| production tests may be accepted for
subparas. ]-7130(b) and (c), provided the valve passes
visual examination in accordance with the Owner’s
examinatiqn procedures:

tion procedure.

1-7240 Class 1 Nonreclosing Pressure |Relief
Devices. Functional'testing is not required. The|device
shall pass visyal‘examination in accordance wjith the
Owner’s examination procedures.

I-7250 “Classes 2 and 3 Pressure Relief Valves
(a) Main Steam Safety Valves. Either before dr after
installation and within 6 mo before initial reactgr criti-
cality, each valve shall be subjected to the followirg tests:
(1) verification of compliance with the Owner’s
set-pressure criteria

(a) visudl examination (2) verification of compliance with the Ownelr’s seat
(b) set-ppessure determination tightness criteria ‘ . o
(c) detefmination of compliance with the.Owner’s (b) Other Pressure Relief Valves. Functional tegting is

seat tightnpss criteria

1-7140
Devices.
accordancd

Class 1 Nonreclosing Pressure Relief
[he devices shall pass viSual examination in
with the Owner’s examination procedures.

I-7150 |Classes 2 and_3-Pressure Relief Valves.
Tests shall[be performedifithe following sequence, or
manufactufer’s production tests may be accepted for
subparas. ]-7150(b)’and (c), provided the valve passes
visual examinationin accordance with the Owner’s
examinatidn procedures:

1 examination

(a) visud

not required.

1-7260 Classes 2 and 3 Nonreclosing Pressur¢ Relief
Devices. Functional testing is not required. The|device
shall pass visual examination in accordance wjith the
Owner’s examination procedures.

I-7270 Classes 2 and 3 Vacuum Relief Valves

(a) After installation, these valves shall be a
to verify open and close capability and perform
any pressure- and position-sensing accessories.

(b) Compliance with the Owner’s seat tightneds crite-
ria shall be verified.

tuated
hnce of

(b) set-pressure determination

(c) determination of compliance with the Owner’s
seat tightness criteria

I-7160 Classes 2 and 3 Nonreclosing Pressure Relief
Devices. The devices shall pass visual examination in
accordance with the Owner’s examination procedures.

I-7170 Classes 2 and 3 Vacuum Relief Valves. The
valves shall pass visual examination in accordance with
the Owner’s examination procedures.
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1-7300 Periodic Testing

Periodic testing of all pressure relief devices is
required. No maintenance, adjustment, disassembly, or
other activity that could affect “as-found” set-pressure
or seat tightness data is permitted before testing. Control
ring adjustments are permitted per subparas. I-8110(g)
and 1-8120(g). Test frequencies are specified in
paras. 11320, 1-1330, 1-1340, I-1350, I-1360, 1-1370, 1-1380,
and 1-1390. When on-line testing is performed to satisfy
periodic testing requirements, visual examination may
be performed out of sequence.
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I1-7310 Class 1 Safety Valves. Tests before mainte-
nance or set-pressure adjustment, or both, shall be per-
formed for subparas. I-7310(a) through (c) in sequence.
The remaining shall be performed after maintenance or
set-pressure adjustment.

(a) visual examination
(b) seat tightness determination,? if practicable
(c) set-pressure determination

(d) determination of operation and electrical charac-
teristics—of hellows alarm switch

DIVISION 1

(c) in sequence. The remaining shall be performed after
maintenance or set-pressure adjustment.

(a) visual examination

(b) seat tightness determination,” if practicable

(c) set-pressure determination

(d) verification of the integrity of the balancing device
on balanced valves

(e) determination of compliance with the Owner’s
seat tightness criteria

(e) erification of the integrity of the balancing device
on balpanced valves

(f) determination of operation and electrical charac-
teristigs of position indicators

(g) dletermination of compliance with Owner’s seat
tightngss criteria

I-7320 Class 1 Power Actuated Relief Valves. Tests
befor¢ maintenance shall be performed for
subparas. 1-7320(a) through (c) in sequence. The
remair)ing shall be performed after maintenance or set-
e adjustment.
isual examination
eat tightness determination,? if practicable
et-pressure determination

I-7360 Other Classes 2 and 3 Pressure Reljef Valves.
Tests before maintenance or set-pressure.adjjistment, or
both, shall be performed for subparas, 1-7360fa) through
(c) in sequence. The remaining shall bé perf¢rmed after
maintenance or set-pressure adjustment.

(a) visual examination

(b) seat tightness determindtion,” if pract

(c) set-pressure detefmination

(d) verification of th¢ integrity of the balanking device
on balanced valves

(e) determination of compliance with Oywner’s seat
tightness criteria

cable

I-7370.Classes 2 and 3 Nonreclosing Pre$sure Relief
Devices,” The device shall be periodically feplaced in
accordance with para. 1-1360. The replacenpent device

(d) Yerification of the integrity of the balancing device  shall be visually examined at the time of jnstallation
on balpnced valves and shall meet the acceptance criteria establiphed by the
(e) determination of operation and electrical characs\” Owner’s examination procedure.
teristids of position indicators

seat tightness criteria

I-7330 Other Class 1 Pressure Relief Valves. Tests
before[maintenance or set-pressure adjustment, or both,
shall He performed for subparas. 14/380(a) through (c)
in seqpence. The remaining shall be performed after
maintgnance or set-pressure adjustment.

(a) Yisual examination

(b) deat tightness detetmination,? if practicable

(c) det-pressure determination

(d) Yyerification of the integrity of the balancing device
on balpanced valyes

(e) determination of operation and electrical charac-
teristigs offposition indicators

(f) determination of compliance with the Owner’s

I-7380 Classes 2 and 3 Vacuum Relief Valves

(a) These valves shall be actuated to verify open and
close capability, set-pressure, and performance of any
pressure- and position-sensing accessories.

(b) Compliance with the Owner’s seat tigh
ria shall be verified.

tness crite-

I-7400 Disposition After Testing or Maintepance

I-7410 Class 1 Safety Valves

(a) Valves and accessories that comply|with their
respective acceptance criteria for the tests spgcified may
be returned to service without further testing.

(b) Valves and accessories that do not cqmply with
their respective acceptance criteria shall bp adjusted,
refurbished, or replaced in accordance with ritten pro-
cedures. Valves shall be adjusted to meet thelacceptance

seat tightness criteria

1-7340 Class 1 Nonreclosing Pressure Relief
Devices. The device shall be periodically replaced in
accordance with para. I-1330. The replacement device
shall be visually examined at the time of installation
and shall meet the acceptance criteria established by the
Owner’s examination procedure.

I-7350 Classes 2 and 3 Main Steam Safety Valves.
Tests before maintenance or set-pressure adjustment, or
both, shall be performed for subparas. I-7350(a) through

67

criteria of subpara. I-1310(e).

(c) Refurbished equipment shall be subjected to test(s)
specified in para. I-7310, as applicable. If disassembly
includes valve disk (main) components, then valve disk
stroke capability shall be verified by mechanical exami-
nation or tests.

(d) Valves and accessories that do not comply with
their respective criteria, whether the problem is associ-
ated with the component, the system, or associated
equipment, shall be evaluated to determine the ability
of the valve to perform its intended function until the
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next testing interval or maintenance opportunity. Cor-
rective actions shall be taken, as appropriate, to ensure
valve operability.

I-7420 Class 1 Power-Actuated Relief Valves

(a) Valves and accessories that comply with their
respective acceptance criteria for the tests specified may
be returned to service without further testing.

(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or

ASME OM-2012

I-7450 Classes 2 and 3 Main Steam Safety Valves

(a) Valves that comply with their respective accept-
ance criteria for the tests specified may be returned to
service without further testing.

(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or
replaced in accordance with written procedure. Valves

shall be adjusted to meet the acceptance criteria of
1-1310(e).

replaced in} accordance with written procedure. Valves
shall be afljusted to meet the acceptance criteria of
subpara. I{1310(e).

(c) Refutbished equipment shall be subjected to test(s)
specified if para. I-7320, as applicable. If disassembly
includes v4lve disk (main) components, then valve disk
stroke capgbility shall be verified by mechanical exami-
nation or tests.

(d) Valves and accessories that do not comply with
thieir respe¢tive acceptance criteria, whether the problem
is associatdd with the component, the system, or associ-
ated equiffment, shall be evaluated to determine the
ability of the valve to perform its intended function until
the next t¢sting interval or maintenance opportunity.
Correctivd actions shall be taken, as appropriate, to
ensure valye operability.

I-7430 |Other Class 1 Pressure Relief Valves

(a) Valves and accessories that comply with their
respective ficceptance criteria for the tests specified may
be returnegl to service without further testing.

(b) Valves and accessories that do not comply, with
their respdctive acceptance criteria shall he ‘adjusted,
refurbishedl, or replaced in accordance withewritten pro-

(c) Refurbished equipment shallbe thjprfpd 1o test(s)
specified in para. I-7350, as applicable. If disasgembly
includes valve disk (main) components, then valye disk
stroke capability shall be verified by mecharical exami-
nation or tests.

(d) Valves and accessories that do)not comply with
their respective acceptance criteria, whether the problem
is associated with the component, the system, or[associ-
ated equipment, shall be.evdluated to determine the
ability of the valve to petform its intended functign until
the next testing intertal or maintenance oppoftunity.
Corrective actions shall be taken, as appropriate, to
ensure valve operability.

I-7460 QOther Classes 2 and 3 Pressure Relief Valves
(a) Valyes that comply with their respective pccept-
ance ¢fiteria for the tests specified may be retugned to
service without further testing.
(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or
replaced in accordance with written procedure.|Valves
shall be adjusted to meet the acceptance criteria of
subpara. I-1310(e).
(c) Refurbished valves shall be subjected to| test(s)
specified in para. I-7360, as applicable. If disasfembly

cedure. Valves shall be adjusted to meet'the acceptance ~ includes valve disk (main) components, then valye disk
criteria of fubpara. I-1310(e). stroke capability shall be verified by mechanical exami-
(c) Refufbished equipment shallbe’subjected to test(s) nation or tests.

specified if para. I-7330, as applicable. If disassembly
includes vdlve disk (main) eemponents, then valve disk
stroke capgbility shall be %€rified by mechanical exami-
nation or tests.

(d) Valves and aceessories that do not comply with
their respe¢tive accéptance criteria, whether the problem
is associatdd with the component, the system, or associ-
ated equipiment, shall be evaluated to determine the

(d) Valves and accessories that do not comply with
their respective acceptance criteria, whether the problem
is associated with the component, the system, or[associ-
ated equipment, shall be evaluated to determine the
ability of the valve to perform its intended functign until
the next testing interval or maintenance oppoftunity.
Corrective actions shall be taken, as appropriate, to
ensure valve operability.

ability of the valve to perform its intended function until
the next testing interval or maintenance opportunity.
Corrective actions shall be taken, as appropriate, to
ensure valve operability.

1-7440 Class 1 Nonreclosing Pressure Relief
Devices. The device shall be periodically replaced in
accordance with para. I-1330. The replacement device
shall be visually examined at the time of installation
and shall meet the acceptance criteria established by the
Owner’s examination procedure.
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I1-7470 Classes 2 and 3 Nonreclosing Pressure Relief
Devices. The device shall be periodically replaced in
accordance with para. I-1360. The replacement device
shall be visually examined at the time of installation
and shall meet the acceptance criteria established by the
Owner’s examination procedure.

I-7480 Classes 2 and 3 Vacuum Relief Valves

(a) Valves that comply with their respective accept-
ance criteria as specified may be returned to service
without further testing.
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(b) Valves that do not comply with their respective
acceptance criteria shall be adjusted, refurbished, or
replaced in accordance with written procedure. Valves
shall be adjusted to meet the acceptance criteria of
subpara. I-1310(e).

(c) Valves that have been refurbished shall be
subjected to test(s) specified in para. I-7380.

comprpssible fluids may be used as the test media if
correldtion data between the alternative fluid and steam
has bepn established. The requirements of para. I-8300
shall appply for testing with alternative test media.

(b) Accumulator Volume. The volume of the accumula-
tor dryim and the pressure source flow rate shall be
suffici¢nt to determine the valve set-pressure. Valves
may Have their lifts restricted during set-pressure

ssist Devices. Assist devices may be used for
set-pr¢ssure testing, provided the accuracy compliés
with the requirements of para. I-1400.

(d) Thermal Equilibrium. Ambient temperature and
test mpdia temperature shall be established and valve
thermjal equilibrium confirmed before” starting
set-prdssure testing. The valve shall Je\considered at
thermal equilibrium only when the valye body tempera-
ture has stabilized and does not chahge more than 10°F
(5.5°C}) in 30 min as measured. directly or determined by
correlgtion from other valvetemperature measurements.
Valves| insulated in servigev.shall be insulated in a like
manngr during testing) Verification of thermal equilib-

DIVISION 1

exceed 50% of the valve set-pressure. However, the set-
pressure shall consider the effects of bonnet pressure
when the bonnet vent is piped to a pressure or vacuum
discharge other than atmospheric.

(2) Constant superimposed back pressure in set-
pressure setting shall be considered for nonbalanced
pressure relief valves when the back pressure exceeds
1% of the set-pressure. For conventional nonbalanced
valves with constant superimposed back pressure, the

i = subtracting
the superimposed back pressure from(the stamped
set-pressure.

(g) Control Rings. Adjustment of,contrpl rings to
ensure valve action is permitted, For set-presgure accept-
ance testing, control ring positions shall nof be altered
between successive openings: Adjusted cqntrol rings
shall be returned to theirproper operating position prior
to return to service, as,documented by the Pwner.

(h) Time Betweenalve Openings. A minimyim of 5 min
shall elapse betieén successive openings.

(i) Numbefnof Tests. The number of open
pressure shall be sufficient to demonstrate $atisfactory
repeatability with a minimum of two consecfitive open-
ingswithin acceptance criteria. Any subsequ¢nt opening
at'the same set point adjustment shall be within accept-
ance criteria.

ngs at set-

1-8120 Compressible Fluid Services Qther Than
Steam

(a) Test Media. Valves shall be tested withjin the nor-
mal system operating conditions. The test inedia tem-
perature shall be established such tha{ it can be
duplicated as near as practicable during qubsequent
tests. Alternative compressible fluids and different tem-
peratures may be used, provided the requirements of
para. I-8300 are met. Air or nitrogen may be pubstituted
at the same temperature without alternative media test-
ing per para. I-8300.

(b) Accumulator Volume. The volume of th¢ accumula-

e sufficient

rium ig not required for valves that are tested at ambient  tor drum and pressure source flow rate shall
tempdrature aisihg a test medium at ambient  to determine the valve set-pressure. Valved may have
temperature. their lifts restricted during set-pressure testing.

(e) Ambient Temperature. The ambient temperature of
the operating environment shall be simulated during

(c) Assist Devices. Assist devices may be used for set-
pressure testing, provided the accuracy complies with

the set-pressure test. If the effect of ambient temperature
on set-pressure can be established for a particular valve
type, then the valve may be set-pressure tested using
an ambient temperature different from the operating
ambient temperature. Correlations between the
operating and testing ambient temperatures shall com-
ply with the requirements of paras. I-8320 and 1-8330.
(f) Superimposed Back Pressure

(1) Consideration of variable or constant back pres-
sure in set-pressure setting is not required for balanced
pressure relief valves, if the back pressure does not
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the requirements of para. 1-1400.

(d) Thermal Equilibrium. Ambient temperature and
test media temperature shall be established and valve
thermal equilibrium confirmed before starting
set-pressure testing. The valve shall be considered at
thermal equilibrium only when the valve body tempera-
ture has stabilized and does not change more than 10°F
(6.5°C) in 30 min as measured directly or determined
by correlation from other valve temperature measure-
ments. Valves insulated in service shall be insulated in
a like manner during testing. Verification of thermal
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equilibrium is not required for valves that are tested at
ambient temperature using a test medium at ambient
temperature.

(e) Ambient Temperature. The ambient temperature of
the operating environment shall be simulated during
the set-pressure test. The ambient temperature shall be
established such that it can be duplicated as near as
practicable during subsequent tests. If the effect of ambi-
ent temperature on set-pressure can be established for a

tested using an ambient temperature different from the

operating pmbient temperature. Correlations between

the operating and testing ambient temperatures shall

comply with the requirements of paras. I-8320 and

1-8330.
(f) Supetimposed Back Pressure

(1) Cdnsideration of variable or constant back pres-
sure in set{pressure setting is not required for balanced
pressure relief valves, if the back pressure does not
exceed 50% of the valve set-pressure. However, the set-
pressure shall consider the effects of bonnet pressure
when the Bonnet vent is piped to a pressure or vacuum
discharge ¢ther than atmospheric.

(2) Cqnstant superimposed back pressure in set-
pressure setting shall be considered for nonbalanced
pressure rglief valves when the back pressure exceeds
1% of the |set-pressure. For conventional nonbalanced
valves with constant superimposed back pressure, the
required sd¢t-pressure shall be calculated by subtracting
mposed back pressure from the stamped

, control ring positions shall-net be altered
ccessive openings. Adjusted-control rings
rned to their proper operating position prior
service, as documented-by the Owner.

etween Valve Openifigs.” A minimum of 5 min

ings at thd same set point adjustment shall be within
acceptanc criteria

ASME OM-2012

tap for determining set-pressure shall be located at the
valve inlet.

(c) Assist Devices. Assist devices to determine
set-pressure are not recommended for liquid service
pressure relief valves.

(d) Thermal Equilibrium. Ambient temperature and
test media temperature shall be established and valve
thermal equilibrium confirmed before starting
set—pressure testing. The valve shall be considered at

ture has stablhzed and does not change more‘thgn 10°F
(5.5°C) in 30 min as measured directly or determined by
correlation from other valve temperature measurgments.
Valves insulated in service shall be insulated in} a like
manner during testing. Verification. of thermal dquilib-
rium is not required for valves thatare tested at ambient
temperature using a testimedium at ambient
temperature.
(e) Ambient Temperatute.' The ambient temperdture of
the operating environment shall be simulated [during
the set-pressure test."The ambient temperature ghall be
established suclt that it can be duplicated as mear as
practicable during subsequent tests. If the effect of ambi-
ent temperattre on set-pressure can be establish¢d for a
particular’'valve type, then the valve may be set-pressure
tested ‘using an ambient temperature different from the
operating ambient temperature. Correlations between
the operating and testing ambient temperaturds shall
comply with the requirements of paras. I-8320 and
1-8330.
(f) Superimposed Back Pressure
(1) Consideration of variable or constant badk pres-
sure in set-pressure setting is not required for bglanced
pressure relief valves, if the back pressure dqes not
exceed 50% of the valve set-pressure. Howevjer, the
set-pressure shall consider the effects of bonnet pfessure
when the bonnet vent is piped to a pressure or vacuum
discharge other than atmospheric.
(2) Constant superimposed back pressjure in
set-pressure setting shall be considered for nonbdlanced
pressure relief valves when the back pressure gxceeds
1% of the set-pressure. For conventional nonbdlanced
valves with constant superimposed back pressure, the
required set-pressure shall be calculated by subtfacting

1-8130 Liquid Service

(a) Test Media. Valves shall be tested within the nor-
mal system operating conditions. The test media tem-
perature shall be established such that it can be
duplicated as near as practicable during subsequent
tests. Alternative liquids and different temperatures
may be used, provided the requirements of para. I-8300
are met.

(b) Accumulator Volume. There is no requirement for
minimum accumulator volume; however, the pressure
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the superimposed back pressure irom the stamped
set-pressure.

(g) Time Between Valve Openings. A minimum of 5min
shall elapse between successive openings.

(h) Number of Tests. The number of openings at
set-pressure shall be sufficient to demonstrate satisfac-
tory repeatability with a minimum of two consecutive
openings within acceptance criteria. Unless otherwise
stated in the test procedure, valve opening pressure shall
be that inlet pressure when a continuous, unbroken
stream of liquid is emanating from the valve outlet.
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Table 1-8220-1 Seat Tightness Testing Methods for Pressure Relief Devices
Used in Pressurized Water Reactors
Service Fluid
Test Method Steam Air/Gas Liquids Remarks

Audible/visible X X X
API RP-527 X [Note (1)] X [Note (1)]
Air/gas under water X X . .
Downstream temperature X X X Installed valves

measurement only
Weighegtomdemnsate K itotettt e m. 10 min test
Volumetic or weight X Mig. 10 min test

measfirement
Cold ba X [Note (2)]
Acoustiq emission X X X
NOTES:
(1) On exposed spring valves, care must be exercised to ensure against leakage past the valve stem and\ddjacent valve piecds.
(2) Defiped as 1-in. diameter polished stainless steel bar at a temperature less than 100°F passed in~the*plane parallel to th¢ outlet

flange face.

I-8200 Seat Tightness Testing test, shall be-established for the specified |alternative

Seat| tightness testing shall be performed in accor- media, as ghpared with the operating meglia.

dance with the Owner’s valve test procedure. Consider-
ation ghall be given to test media, temperature stability,
and arhbient temperature, as required in para. I-8100.

Seat| tightness testing shall be performed using the
same fluid used for set-pressure testing, except as pro-
vided py para. I-8300.

1-8210 Inlet Pressure.
leak t
follow|ng;:

(a) Pnaximum system operating pressure

(b) 90% of spring setting or 5 psig (84 kPa) below
spring| setting for valves having a pring set-pressure
less thpn 50 psig (344 kPa)

(c) pressure established in)Owner’s valve test
procedure

I-8220 Acceptable Seat-Tightness Testing Methods.
Table [-8220-1 provides acceptable methods. Other
methofls may be determined by the Owner.

The inlet pressure forxseat
bsting shall be in accordance with one“of the

1-8230 Acceptance Criteria for Seat Leakage Testing.
Either [the priginal valve equipment design specification
accepthrice:criteria or acceptance criteria established by
the O i
valve seat leakage acceptance criteria.

1-8300 Alternative Test Media

Pressure relief devices may be subjected to set-pres-
sure tests and seat tightness tests using a test medium
(fluid and temperature) other than that for which they
are designed, provided the testing complies with
paras. 1-8310, 1-8320, and I-8330.

I-8310 Correlation. Correlation of pressure relief
device operation, with respect to the parameter under
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I-8320 Certification of Correlation Procedure. The
Ownet\shall ensure that the correlation estpblished in
accordance with the procedure will be of sufficient accu-
racy such that the pressure relief device$ tested or
adjusted, or both, using the alternate media, yill comply
with the acceptance criteria of the following:

(a) subparagraph 1-1320(c) or I-1350(c) fo
ing the need to test additional valves

(b) subparagraph 1-8110(i), I-8120(i), or I8130(h) for
testing or adjusting valves, or both, for reuge

(c) paragraph I-8230 for determining seaf tightness

Results of the tests performed to verify the adequacy
of the alternate test media correlation shall be
documented

determin-

I-8330 Procedure. A written procedure shall be pre-
pared by the Owner or the Owner’s designep and certi-
fied in accordance with the requirements of gara. I-8320.
The procedure shall specify all test parameters that affect
correlation and shall include, but not be limlited to, the
following;:

(a) specific description of test setup
(b) specific requirements for instrumentation
c) specific requirements for assist equipment (if any)
(d) specific requirements for test operating conditions
(e.g., device temperature, ambient temperature, ambient
pressure, etc.)
(e) alist of test parameters (e.g., time between open-
ings, number of tests, etc.)

1-9000 PWR RECORDS AND RECORD KEEPING
1-9100 Requirements

The Owner shall maintain a record that shall include
the following for each valve covered by this Mandatory
Appendix:
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(a) the manufacturer and manufacturer’s model and
serial number, or other identifiers

(b) a copy or summary of the manufacturer’s accept-
ance test report, if available

(c) preservice test results

1-9200 Record of Tests

In addition to the requirements of para. ISTA-9230, if
testing is performed in accordance with para. I-8300, a
copy of the alternate test media correlation, test proce-

ASME OM-2012

(a) The Owner shall document all modifications made
to or corrective actions taken that affect the set-pressure
of pressure relief devices or valves. The documentation
shall also include any recommendations or modifica-
tions suggested by the manufacturer. Modification or
corrective action, as outlined, shall be recorded and
maintained for the period of time as outlined in the
Owner’s technical specifications.

(b) Any device modification or adjustment that affects
nameplate data shall be recorded on a data sheet. The

dure, and documentation of results of test performed to

modification or adjustment shall be made in acggrdance

verify the adequacy of the alternate test media shall be ~ with the manufacturer’s published information’ ¢r shall
maintained. have the concurrence of the manufacturet.
An additional nameplate, not bearing a Code $ymbol

1-9300 Reford of Modification and Corrective Action

In additjon to the requirements of para. ISTA-9240,
the following requirements shall be met:

stamp, shall be installed to reflect the new data and
reference to records maintained by, the Owner oytlining
the modification.
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Division 1, Mandatory Appendix II*
Check Valve Condition Monitoring Program

11-1000 PURPOSE

(4) determine whether changes in the valve group-

Mandatory Appendix establishes the require-
or implementing and maintaining a check valve

e intended purpose of the condition monitoring
(e.g., improve performance, or optimize test-
xamination, and preventive maintenance
activitles)

(b) gnalysis of test results and maintenance history

(c) dlesign characteristics, application, and service
conditjons

The Pwner shall assess the significance to plant safety
if an extended test or examination interval is planned.

The Pwner should also consider the sample disassem-
bly eamination program grouping details of sub-
para. ISTC-5221(c).

1I-300p ANALYSIS

The |[Owner shall perform an analysis of the test and
maintgnance history of a valve or/group of valves in
order {o establish the basis forspecifying inservice test-
ing, expmination, and preventive maintenance activities.
The arfalysis shall include.the following:

(a) ldentify any dommon failure or maintenance
patterms.

(b) Mnalyze these patterns to determine their signifi-

4 |
TS S arcTeqaITear

11-4000 CONDITION-MONITORING ACTIV|TIES

Valve obturator movement during applicpble test or
examination activities shall be_sufficient to| determine
the bidirectional functionality, of the moving parts. A
full open exercise test, of;an open test to the position
required to perform_its intended funftion (see
para. ISTA-1100) is‘not required for this asspssment.

(a) Performance Improvement Activities

(1) If sufficient information is not currpntly avail-
able to complete the analysis required in section 1I-3000,
or if thisjanalysis is inconclusive, then th¢ following
activities’shall be performed at sufficient inﬂirvals over
an ifterim period of the next 5 yr or two refueling out-
ages, whichever is less, to determine the cquse of the
failure or the maintenance patterns:

(a) Identify interim tests (e.g., nonintrusive tests)
to assess the performance of the valve or the group of
valves.

(b) Identify interim examinations fo evaluate
potential degradation mechanisms.

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

(d) Identify which of these activities ill be per-
formed on each valve in the group.

(e) Identify the interval of each activity.

(2) Identify attributes that will be trendefl. Trending
and evaluation of existing data must be ysed as the
bases to reduce or extend the time interval between tests
or examinations.

(3) Complete or revise the condition-fnonitoring

cance gnd to_identify potential failure mechanisms: program test plans (see section II-6000) to document the
(1) détermine whether certain preventive mainte- check valve program performance improverhent activi-
nance [activities would mitigate the failure or mainte- ties and their associated frequencies.

nance patterns
(2) determine whether certain condition monitor-
ing tests such as nonintrusive testing are feasible and
effective in monitoring for these failure mechanisms
(3) determine whether periodic disassembly and
examination activities would be effective in monitoring
for these failure mechanisms

! This Mandatory Appendix contains requirements to augment
the rules of Subsection ISTC, Inservice Testing of Valves in
Light-Water Reactor Nuclear Power Plants.
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(4) Perform these activities at their associated inter-
vals until
(a) sufficient information is obtained to permit
an adequate evaluation of the specific application or
(b) until the end of the interim period
(56) After performance, review those attributes that
were selected for trending, along with the results of
each activity to determine whether any changes to the
program are required. If significant changes to the pro-
gram are required, the program shall be revised prior to
the performance of the next activity, and the applicable
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requirements of sections I1-2000, 1I-3000, and II-4000
shall be repeated.

ASME OM-2012

Table 11-4000-1 Maximum Intervals

Maximum Interval, yr

(b) Optimization of Condition-Monitoring Activities Group Size [Note (1)]
(1) If sufficient information is available to assess
the performance adequacy of the check valve or the 24 16
group of check valves, then the following activities shall i 3
be performed: 1 10
(a) Identify the applicable preventive mainte-
nance activities including their associated intervals that ~ NOTE:

maintain the contin 1
formance ¢f the check valve or group of check valves.

(b) ]dentify the applicable examination activities
including their associated intervals that will be used to
periodicallly assess the condition of each check valve or
group of check valves.

(c) ldentify the applicable test activities includ-
ing their aspociated intervals that will be used to periodi-
cally verify the acceptable performance of each check
valve or gioup of check valves.

(d) ldentify which of these activities will be per-
formed onfeach valve in the group.

(e) Identify the interval of each activity. Initial
intervals shall be established using II-4000(b) provided
that the cgndition-monitoring test and examination
intervals cgnsider plant safety and are supported by the
trending ahd evaluation of generic and plant-specific
performante data. Trending and evaluation shall be used

The maximum interval was determined by how many interval
extensions could be obtained based on an 18-mo or2fi-mo
fuel cycle. All of the valves had to be tested or examingd
within the maximum interval to be considered-a.valid
extension.

significant changes are required) the program shall be
revised prior to the performance'of the next activity, and
the applicable requirements-of sections 1I-2000, J1-3000,
and I1-4000 shall be repeated.

Changes to IST intetvals must consider planf safety
and be supported by trending and evaluating both
generic and plant-specific performance data to |ensure
the component is capable of performing its infended
function(s).over the entire interval.

11-50000 CORRECTIVE MAINTENANCE

to supporf the conclusion that the valve or group of If corrective maintenance is performed on & check
valves is cgpable of performing its intended function(s) ~, Valve, the analysis used to formulate the basis| of the
over the efftire interval. condition-monitoring activities for that valve gnd its

(f) Interval extensions shall be limited to onefuel
cycle per extension. All valves in a group-samplingplan
must be tdsted or examined again, before the interval
can be ext¢nded again, or until the maximum interval
would be ¢xceeded.

() Intervals shall not exceed themaximum inter-
vals showp in Table 1I-4000-1. The' requirements of
para. ISTA-3120, Inservice Examination and Test
Interval, d¢ not apply.

(2) Id¢ntify attributes that will be trended. Trending
and evaluafion of existifig data must be used to reduce or
extend theltime interval between tests or examinations.

(3) Rejvise thétest plans (see section II-6000) to doc-
ument the|optintized condition-monitoring program
activities, gnd-the associated intervals of each activity.

associated valve group shall be reviewed to detprmine
whether any changes are required. If significant changes
are required, the program shall be revised and th¢ appli-
cable requirements of sections II-2000, 1I-3000, and
11-4000 shall be repeated.

11-6000 DOCUMENTATION

The condition-monitoring program shall bg docu-
mented 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/deleted to the pfogram
and the reason for their inclusion/deletion

(d) analysis forming the basis for the program

(4) Perform these activities at their associated
intervals.

(5) After performance, review the results of each
activity to determine whether any changes to the opti-
mized condition-monitoring program are required. If
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(e) identified failure or maintenance history patterns
for each valve

(f) condition-monitoring program activities, includ-
ing the trended attributes and the bases for the associ-
ated intervals for each valve or valve group
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DIVISION 1

Division 1, Mandatory Appendix I’
Preservice and Inservice Testing of Active Electric
Motor Operated Valve Assemblies in Light-Water Reactor
Power Plants

1I-1000 INTRODUCTION

lI-1100 Applicability

Thig Mandatory Appendix establishes the require-
ments [for preservice and inservice testing to assess the
operatjonal readiness of active motor-operated valves

(MOVS$) in light-water reactor (LWR) power plants.

1I-1200 Scope

See para. ISTC-1200.

112000 SUPPLEMENTAL DEFINITIONS

full cyqle exercise: full stroke of the valve from and back
to its ipitial position.

motor-gperated valve (MOV): a valve and its associated
electrif motor driven mechanism for positioning\the
valve, [including components that control valve action
and provide position output signals.

MOV functional margin: the increment by which an
MOV’p available capability exceeds the capability
requied to operate the MOV mnder design basis
conditjons.

stem fdctor: the ratio of steth forque to stem thrust in
rising-stem valves.

1I-3000 GENERAL-TESTING REQUIREMENTS
11I-3100 Design/Basis Verification Test

A one-time test shall be conducted to verify the capa-
bility df each MOV to meet its safety-related design basis

(a) Design basis verification test data shpll be used
in conjunction with preservice tést\data as the basis for
inservice test criteria.

(b) Design basis verifigation testing shpll be con-
ducted in situ or in a prototype test facility|that dupli-
cates applicable design:bdsis conditions. If a|test facility
is used, an engineering analysis shall be dpocumented
that supports applicability to the in situ corditions.

(c) Justification for testing at conditions |other than
design basig conditions and for grouping [ike MOVs
shall be documented by an engineering evaluftion, alter-
nate_testing techniques, or both. Where design basis
testing of the specific MOV being evaluated |s impracti-
cable, or not meaningful (provides no additijonal useful
data), data from other MOVs may be used|if justified
by engineering evaluation. Sources for the data include
other plant MOVs or test data published {n industry
testing programs. Where analytical techniqules are used
to verify design basis capability, those techrjiques shall
be justified by an engineering evaluation.

(d) For certain valve types (i.e., ball, plug, and dia-
phragm valves) where the need for design bafis verifica-
tion testing has not been previously ideptified, an
engineering evaluation of operating experiehce may be
used to verify design basis capability.

(e) The design basis verification test shall be repeated
if an MOV application is changed, the MOV ig physically
modified, or the system is modified in a mpanner that
invalidates its current design basis verification test
results or data. A determination that a desigrn basis veri-
fication test is still valid shall be justified lpy an engi-

y
neering evaluation, alternative testing tecq)\niques, or
loadla

requirements. This test shall be conducted at conditions
as close to design basis conditions as practicable.
Requirements for a design basis verification test are
specified in applicable regulatory documents. Testing
that meets the requirements of this Mandatory
Appendix but conducted before implementation of this
Mandatory Appendix may be used.

! This Mandatory Appendix contains requirements to augment
the rules of Subsection ISTC, Inservice Testing of Valves in
Light-Water Reactor Nuclear Power Plants.

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

75

DOTIT

111-3200 Preservice Test

Each MOV shall be tested during the preservice test
period or before implementing inservice testing. These
tests shall be conducted under conditions as near as
practicable to those expected during subsequent inser-
vice testing. Testing that meets the requirements of this
Mandatory Appendix but conducted before implemen-
tation of this Mandatory Appendix may be used. Only
one preservice test of each MOV is required unless, as
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DIVISION 1

described in para. II-3400, the MOV has undergone
maintenance that could affect its performance.

111-3300 Inservice Test

Inservice testing shall commence when the MOV is
required to be operable to fulfill its required function(s),
as described in para. III-1100, and shall be sufficient to
assess changes in MOV functional margin consistent
with section III-6000.

(1) MOVs_may be grouped for inservice testing as
described n para. I11-3500.

(b) Inserjvice tests shall be conducted in the as-found
condition. Activities shall not be conducted if they inval-
idate the irjservice test results. If maintenance is needed
between the inservice tests, see para. I11-3400. As-found
testing is ot required prior to maintenance activities
as long as [the MOV is not due for an inservice test. If
maintenanfe activities are scheduled concurrently with
an MOVs [inservice test, then the inservice test shall
be conducted in the as-found condition, prior to the
maintenanfe activity.

(c) The inservice testing program will include a mix
of static afid dynamic MOV performance testing. The
mix of M{V performance testing may be altered when
justified by an engineering evaluation of test data.

(d) Dynfamic MOV performance testing is not
required fdr certain valve types (i.e., ball, plug, and dia-
ves), with acceptable operating experience.
te position indication shall be verified locally
rvice testing or maintenance activities.

Inservice Test Interval. The inservice tést
ermination shall include the following:
service test interval shall be determined in
with para. I1I-6440.
fficient data exist to determine the inservice
in accordance with para-1I1-6400, then MOV
inservice t¢sting shall be conducted every two refueling
cycles or 3[yr (whichever is lofiger) until sufficient data
exist, fromfan applicable MOV 'or MOV group, to justify
a longer irfservice test interval.

(c) The maximum inservice test interval shall not
exceed 10[ yr. MQY jinservice tests conducted per
para. III-3400 may\be used to satisfy this requirement.

lI-3400 Effect-of MOV Replacement, Repair, or

ASME OM-2012

within acceptable limits. The Owner’s program shall
define the level of testing required after replacement,
repair, or maintenance. Deviations between the previous
and new inservice test values shall be identified and
analyzed. Verification that the new values represent
acceptable operation shall be documented as described
in section III-9000, Records and Reports.

lI-3500 Grouping of MOVs for Inservice Testing

issible.
Grouping MOVs shall be justified by an erigineering
evaluation, alternative testing techniques,cor both. The
following shall be satisfied when grouping MOVs:

(a) MOVs with identical or similar.thotor-opgrators
and valves and with similar plant service conditions
may be grouped together based‘ofy the results of |design
basis verification and preservice' tests. Functionglity of
all groups of MOVs shall.be/validated by apprppriate
inservice testing of onefor'more representative yalves.

(b) Test results shall'be evaluated and justified for all
MOVs in the group;

llI-3600 MOV-.Exercising Requirements

111-3610° Normal Exercising Requirements. All
MOVs{ within the scope of this Mandatory Appendix,
shall\be full cycle exercised at least once per refueling
cycle with the maximum time between exercises to be
not greater than 24 mo. Full cycle operation of an MOV,
as a result of normal plant operations or Code require-
ments, may be considered an exercise of the MOV, if
documented. If full stroke exercising of an MOV is not
practical during plant operation or cold shutdown, full
stroke exercising shall be performed during the|plant’s
refueling outage.

1I-3620 Additional Exercising Requirements. The
Owner shall consider more frequent exercising rpquire-
ments for MOVs in any of the following categofies:

(a) MOVs with high risk significance

(b) MOVs with adverse or harsh environmental con-
ditions or

(c) MOVs with any abnormal characteristics
tional, design, or maintenance conditions)

opera-

11I-3700 Risk-Informed MOV Inservice Testing

Maintenance

When an MOV or its control system is replaced,
repaired, or undergoes maintenance that could affect
the valve’s performance, new inservice test values shall
be determined, or the previously established inservice
test values shall be confirmed before the MOV is
returned to service. If the MOV was not removed from
service, inservice test values shall be immediately deter-
mined or confirmed. This testing is intended to demon-
strate that performance parameters, which could be
affected by the replacement, repair, or maintenance, are
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Risk-informed MOV inservice testing that incorpo-
rates risk insights in conjunction with performance mar-
gin to establish MOV grouping, acceptance criteria,
exercising requirements and testing interval may be
implemented.

lI-3710 Risk-Informed Considerations. The Owner
shall consider the following when incorporating risk
insights in the inservice testing of MOVs:

(a) develop an acceptable risk basis for MOV risk
determination
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(b) develop MOV screening criteria to determine each
MOVs contribution to risk

(c) finalize risk category by a documented evaluation
from a Plant Expert Panel

ll1-3720 Risk-Informed Criteria. Each MOV shall be
evaluated and categorized using a documented risk
ranking methodology. This Mandatory Appendix pro-
vides test requirements for high and low safety signifi-
cant component (HSSC/LSSC) categories. If an Owner
establ] a k—CategoTie < c
Ownet shall evaluate the intermediate SSCs and select
HSSC Jor LSSC test requirements for those intermedi-
ate SS(s.

;3721 HSSC MOVs. HSSC MOVs shall be tested
in accdrdance with para. I1I-3300 and exercised in accor-
dance with para. I1I-3600. HSSC MOVs that can be oper-
ated dyiring plant operation shall be exercised quarterly,
unless|the potential increase in core damage frequency
(CDF)|and large early release (LER) associated with a
longer|exercise interval is small.

13722 LSSC MOVs. In meeting the provisions
of thi§ Mandatory Appendix, including exercising in
accordance with para. I1I-3600 and the determination of
propel MOV test interval in section III-6000, risk insights
shall be applied to inservice testing of LSSC MOVs by
the following:

(a) 1SSC grouping shall be technically justified, but
the provision for similarity in subpara. III-3500(a),xfiay
be relajxed. The provisions in subpara. III-3500(b)-related
to evaluation of test results for MOVs in_that’group
continfie to be applicable to all MOVs within)the scope
of this|Mandatory Appendix.

(b) 1SSC MOVs may be associated with an estab-
lished [group of other MOVs. When-a member of that
group |is tested, the test results shall be analyzed and
evalugted in accordance with”section III-6000, and
appliedl to all LSSC MOV associated with that group.

(c) 1SSC MOVs that arenot associated with an estab-
lished |group shall be(inservice tested, in accordance
with ppra. I1I-3300, using an initial test interval of three
. refuelipg cycles or5 yr (whichever is longer) until suffi-
cient data exist'to determine a more appropriate test

intervgl as-described in para. III-6440.
© (d) LSSCMOVs shall be inservice tested at least every

O O 4

DIVISION 1

111-5200 Test Conditions

Test conditions shall be sufficient to determine the
MOV’s functional margin per para. I1I-6400. Test condi-
tions shall be recorded for each test per section III-9000.

111-5300 Limits and Precautions

Testing limits and precautions include
(a) MOV exposure to dust, moisture, or other adverse
conditions shall be minimized when normally enclosed
i3 i3 Hepgerforming
tests.
(b) Manufacturer or vendor limits(and precautions
associated with the MOV and with ‘the test|equipment
shall be considered, including the-structural thrust and
torque limits of the MOV.
(c) Plant-specific operatiddal and design precautions
and limits shall be followed. Items to be [considered
shall include, but are notdimited to, water hammer and
intersystem relationships.
(d) The benefits of performing a particularftest should
be balanced @gainst the potential increase [in risk for
damage caused to the MOV by the partictilar testing
performed.

111-5400 Test Documents

Approved plant documents shall be estaplished for
all tests specified in this Mandatory Appendjx and shall
provide for

(a) methodical, repeatable, and consistent perform-
ance testing

(b) collection of data required to analyze and evaluate
the MOV functional margin in accordpnce with
section III-6000

I1I-5500 Test Parameters

Sufficient test parameters shall be select¢d for mea-
surement to meet the requirements of section III-6000 in
determining the MOV functional margin.

11I-6000 ANALYSIS AND EVALUATION OF DATA
11-6100 Acceptance Criteria

The Owner shall establish methods to [determine
acceptance criteria for the operational readirjess of each
MOV within the scope of this Mandatory| Appendix.

10 yr in accordance with para. III-3310.

11I-4000 TO BE PROVIDED AT A LATER DATE
1I-5000 TEST METHODS
llI-5100 Test Prerequisites

All testing shall be conducted in accordance with
plant-specific technical specifications, installation
details, acceptance criteria, and maintenance, surveil-
lance, operation, or other applicable procedures.

Acceptance criteria shall be based upon the minimum
amount by which available actuator output capability
must exceed the valve operating requirements. Thrust,
torque, or other measured engineering parameters corre-
lated to thrust or torque consistent with paras. III-6100
through I1I-6500, may be used to establish the acceptance
criteria. Motor control center testing is acceptable if cor-
relation with testing at the MOV has been established.
When determining the acceptance criteria, consider the
following sources of uncertainty:
(a) test measurement and equipment accuracy
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(b) valve and actuator repeatability (e.g., torque
switch repeatability)

(c) analysis, evaluation, and extrapolation method

(d) grouping method

llI-6110 Parameter Measurements. MOV margins
may be expressed in terms of stem force or other parame-
ters, if those parameters are consistent with
paras. I1I-6100 through III-6500.

11I-6200 Analysis of Data

ASME OM-2012

(a) measurements taken during testing at design basis
conditions

(b) analytical methods using valve parameters deter-
mined from testing at conditions that may be extrapo-
lated to design basis conditions or

(c) application of justified industry methodologies

111-6420 Determination of Actuator Output Capability

111-6421 Available Output Based on Motor

C deter-

Data obthined from a test required by this Mandatory
Appendix,[shall be analyzed to determine if the MOV
performante is acceptable. The Owner shall determine
which methods are suitable for analyzing necessary
parameterg for each MOV and application.

Whenever data are analyzed, all relevant operating
and test cdnditions shall be considered.

The Ownjer shall compare performance test data to the
acceptance|criteria. If the functional margin, determined
per para. I]I-6430, does not meet the acceptance criteria,
the MOV phall be declared inoperable, in accordance
with the Qwner’s requirements.

Data anflysis shall include a qualitative review to
identify arfomalous behavior. If indications of anoma-
lous behavjior are identified, the cause of the behavior

mined based on motor capabilities at the motor{s
basis conditions. Considerations shall include
(a) rated motor start torque
(b) minimum voltage conditions
(c) elevated ambient temperature donditions
(d) operator efficiency
(e) other appropriate factofs

design

1I-6422 Available Output Based on Torque [Switch
Setting. Where applicable, the available output ghall be
determined based én the current torque switch getting.

For MOVs where testing does not sufficiently load
the MOV to cause torque switch trip (e.g., butterfly and
ball valves), aydilable output based on the currentjtorque
switch setting shall be determined analytically from test
data..€onsiderations shall include

shall be arfalyzed and corrective actions completed, if HSIEE i .
required. (a), calibration of the torque switch spring pa¢k
) (b) the current torque switch setting
lII-6300 Eyaluation of Data (c) repeatability of torque switch operation
The Owher shall determine which methods are suitx

able for dvaluating test data for each MOV and
application.

" The Ower shall have procedural guidelines to-éstab-
lish the me¢thods and timing for evaluating MOV test
data. Evalyations shall determine the amrount of degra-
dation in functional margin that occurfeéd over time.
Evaluation§ shall consider the influence of past mainte-

111-6430 Calculation of MOV Functional Maigin.
MOV functional margin shall be calculated as the differ-
ence between the available actuator output and valve
operating requirements. Available actuator ouftput is
determined as

(a) design basis motor operator capability fqr limit
switch controlled strokes, or

nance and|test activities to establish appropriate time (b) thelesser of design basis motor operator capability

intervals fdr future test activities. or motor operator capability at the current torquefswitch
The evaluations shall apply changes in functional ~ setting for torque switch controlled strokes

margin to jother applicable"MOVs to establish appro- l-6440 Determination of MOV Test Interval. (Calcu-

priate timgq intervals _for-future test activities.

11I-6400 Determination of MOV Functional Margin

The Owfer shall demonstrate that adequate margin
exists between-valve operating requirements and the

lations for determining MOV functional marginh shall
account for potential performance related degraflation.
Maintenance activities and associated intervals can
affect test intervals and shall be considered. The¢ inser-

H toak il 1l - <balllo + o tloot 1. T\/Th)'f
VICCTeSTIrter var Sttarr T SCTSUCIT trat e vy unc-

available actuator output capability to satisfy the accept-
ance criteria for MOV operational readiness. 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.

111-6410 Determination of Valve Operating
Requirements. Design basis valve operating require-
ments, including stem factor for rising stem valves, shall
be determined from
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tional margin does not decrease below the acceptance
criteria.

111-6500 Corrective Action

If the MOV performance is unacceptable, as estab-
lished in para. III-6400, corrective action shall be taken
in accordance with Owner’s corrective action
requirements.

I11-6510 Record of Corrective Action. The Owner
shall maintain records of corrective action that shall
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include a summary of the corrections made, the subse-
quent tests, confirmation of operational adequacy, and
the signature of the individual responsible for corrective

action

and verification of results.

1I-7000 TO BE PROVIDED AT A LATER DATE
111-8000 TO BE PROVIDED AT A LATER DATE
11I-9000 RECORDS AND REPORTS

DIVISION 1

(h) name of test performer and date of test.

(i) system flow, system pressure, differenti

al pressure,

system fluid temperature, system fluid phase, and ambi-

ent temperature.

(j) significant observations: any comments pertinent

to the test results that otherwise may not

be readily

identified by other recorded test data shall be recorded.

Observations shall include any remarks
abnormal or erratic MOV action noted eithe
preceding performance testing and any oth

regarding
r during or
r pertinent

11-9100 Test Information

Pert]
for M(
lowing
inform

(a) 1

nent test information shall be recorded or verified

DV testing, described in section III-3000. The fol-
information shall be considered along with the

ation requirements in ISTA /ISTC:

VIOV plant-specific unique identification number.

(b) 1notor, valve, actuator nameplate data.

(c) 1
equipy
(d)
tion III
cess e
includ
orientd

(e) 1
mal oy

) N
setting

(g)
appro

criterig.

st equipment unique identification numbers and
hent calibration dates.

est method and conditions, described in sec-
-5000, including description of valve lineups, pro-
juipment, and type of test. Descriptions shall
b valve body, valve stem, electric motor-operator
tion, and piping configuration near the MOV.
reaker setting/fuse size and motor starter ther-
erload size, if used.

IOV torque and limit switch configuration and
S.

MOV performance test procedure and other
ved plant documents containing acceptatice

design information that can be verified atytl

1119200 Documentation of Analysisyand Ev
of Data

The documentation of acceptable MOV pe
which has been analyzed and,evaluated in
with section III-6000, shall\include, as a min

(a) values of test datatest parameters, an
mation established ‘by*paras. I1I-5500 and II

(b) summaryyof‘analysis and evaluation r4
paras. 111-6200~and III-6300.

(c) statemerit(s), by an individual qualifig
such a statement through the Owner’s qy
requiréments, confirming that the MOV is
perferming its intended safety function.

() test results and analysis shall be ev]
qualified individuals and documented to ing
ture and date. Independent verification shall
viduals qualified to verify those specific ar
evaluations through the Owner’s qu
requirements.

he MOV.

aluation

rformance,
ccordance
limum
i test infor-
[-9100.
bquired per

bd to make
alification
capable of

pluated by
lude signa-
be by indi-
alyses and
hlification
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Division 1, Mandatory Appendix IV
Intentionally Left Blank

This Mandatory Appendix has been intentionally left

blank and gs—reservedfor-futtre—tses
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Division 1, Mandatory Appendix V*
Pump Periodic Verification Test Program

0 PURPOSE

V-3000 GENERAL REQUIREMENTS

DIVISION 1

Mandatory Appendix establishes the require-
for implementing a pump periodic verification

test. Ak discussed in ISTB-1400, the Owner shall estab-
lish a gump periodic verification test program for certain

applic

ble pumps that are tested in accordance with

para. ISTA-1100.

V-200

pump p
can me

D DEFINITIONS

eriodic verification test’: a test that verifies a pump
et the required (differential or discharge) pressure

as applicable, at its highest design basis accident flow

rate.

! This

Mandatory Appendix contains requirements to augment

the rulep of Subsection ISTB, Inservice Testing of Pumps in Light

Water K

eactor Nuclear Power Plants. The Owner is not required

to perfqrm a pump periodic verification test, if the design basis

acciden

flow rate in the Owner’s safety analysis is bounded by,

the conjprehensive pump test or Group A test.

2 Apy

mp may have several design basis postaccident operating

points due to different system configurations or single vs parallel
pump operation. Reference ASME OM Standard, Part 28}Standard

for Perf
Plants,

systemg.
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brmance Testing of Systems in Light-Water Reactor Power
for additional information on testing of‘power plant

The Owner shall

(a) identify those certain applicable(pumps with spe-

cific design basis accident flow rates in th
credited safety analysis (e.g., téchnical spg

technical requirements program,.or updated
ysis report) for inclusion in this program
(b) perform the pump periodic verifica
least once every 2 yr
(c) determine whether the pump periodic
test is required‘before declaring the pump o
lowing replacement, repair, or maintenance o

e Owner’s
cifications,
bafety anal-

ion test at
verification

berable fol-
h the pump

(d) declare the pump inoperable if the purhp periodic

verifiéation test flow rate and associated

lifferential

pressure (or discharge pressure for positive displace-

mient pumps) cannot be achieved

(e) maintain the necessary records for the
odic verification tests, including the app
parameters (e.g., flow rate and associated

bump peri-
icable test
differential

pressure, or flow rate and associated discharge pressure,

and speed for variable speed pumps) and t

heir basis

(f) account for the pump periodic verification test

instrument accuracies in the test acceptance

criteria

E
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Division 1, Nonmandatory Appendix A’
Preparation of Test Plans

A-1000 PURPOSE

A-2300 Applicable Documents

The purpose of this Nonmandatory Appendix is to
provide gyidance for the preparation of test plans to
ensure adefjuate information for submittal to reviewing
agencies. This Nonmandatory Appendix is not part of
Subsection|ISTA, General Requirements, but is included
for informgtional purposes.

TEST PLAN CONTENTS

ckground and Introduction

ipn, type of components, and tests or examina-
tions to be| performed

(e) the Jode requirements for each domponent that
are not beihg satisfied by the tests or éxaminations, and
justification for the substitute test$§ or'examinations as
discussed fn section A-3000

(f) Codq Cases proposed for/use and the extent of
their applifation

(g) a reference list(of'applicable documents, as
required by para. A-2300

(h) names, signatures, and company affiliation of the
preparers dnd @pprovers of the test plan

licable
1ld be

lest plans should include a reference list of apy
documents. The following documents sho
considered:

(a) 10 CFR 50

(b) edition and addenda of this Subsection tha} apply
(if portions of different editions or,addenda are sglected,
identify the related requiremerits and comppnents
selected for testing or examination for each editipn and
addenda)

(c) Code Cases

(d) other regulatory documents

(e) piping and,instrument diagrams (P&IDs)

A-2400 Code Subsections

(a) Test plans should address the following
Subsections:
(1) ISTB, pumps
(2) ISTC, valves
(3) ISTD, dynamic restraints (snubbers)
(b) Plans for Subsections may be combined in
or part and published as one plan or as separate

whole
plans.

A-2500 Detailed Contents

Test plans should include the following:
(a) specific exemptions applied to each system cov-
ered by this Subsection
(b) list of components, including system ideptifica-
tion, Code classification, and nominal size
(c) tables that provide details of tests or examinations
(typical information to be included in these tgbles is
shown in Supplements 1 through 3)
(d) alist of test and examination procedures inqluding
identification, titles, and general description of tHe com-
ponents to which each procedure is applicable

A-2200 Simmary-of-Changes-inUpdated-TestPlans

The following summary information should be
included to describe changes in updated test plans:

(a) listing of new or revised procedures

(b) changes in exemptions, tests, or examinations

(c) changes in substitute tests or examinations of
section A-3000

! This Nonmandatory Appendix is included for informational
puposes only. While it is related to Subsection ISTA, General
Requirements, it is not part of that Subsection.
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A-3000 SUBSTITUTE TESTS AND EXAMINATIONS
A-3100 General

The following should be used when any Code require-
ment is not being satisfied by planned tests or examina-
tions and when substitute tests or examinations® are
included in the test plan.

2 Substitute tests or examinations are tests or examinations that
replace Code-required tests or examinations when the Code
requirements are considered to be impractical.
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A-3200 Justification of Substitute Tests and
Examinations

Justification of substitute tests and examinations
should include the following;:

(a) Code Class

(b) Code test or examination requirements and identi-
fication of individual components for which substitute
test or examinations are planned

(c) identification of the substitute tests or examina-

plans for deferring the required tests or examinations

(e) dlocumentation (drawings, sketches, or photo-
graphg may be used) of reasons the required tests or
examinations are impractical, such as

DIVISION 1

(5) total estimated man-REM exposure involved in
the test or examination

(6) flushing or shielding capabilities that might
reduce radiation levels

(7) considerations involving remote examination

(f) technical justification and data to support the sub-

stitute tests or examinations, including

(1) description and justification of any changes
expected in the overall level of plant quality and safety
by performing the proposed substitute tests or examina-
tions in lieu of the Code requirements

(2) identification and discussion ¢of\sim
nents (in redundant systems or in the,same
be tested or examined as substitutes

(3) percentage of the required tests or examinations
that have been or will be completed on each fomponent

lar compo-
system) to

(1) system or plant operating limitations for which substitute testsior examinations gre planned
(2) inaccessibility (4) discussion offthe’consequences of failure of the
(3) equipment design component for which 'the substitute tests or examina-
(4) radiation levels at the test or examination area  tions are plannéd
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Division 1, Supplement to Nonmandatory Appendix A

AS-1000

(a) iden|
order
(b) Codd

SUPPLEMENT 1: INFORMATION FOR

tification of system, in system-by-system

classification

(c) identfification of specific pumps to be tested

(d) refer
(e) iden
such as sp
(f) test f
(g) refer
satisfied, a

AS-2000

(a) iden|
order
(b) Codd

bnice to drawings locating the pumps
ification of specific tests to be performed,
bed, flow rate, pressure, and vibration
Fequency or schedule, as applicable

bnce to Code requirements that are not being
nd identification of substitute tests

SUPPLEMENT 2: INFORMATION FOR
ISTC VALVE TEST TABLES

fification of systems, in system-by-system

classification

(c) identfification of specific valves to be tested

(d) refer
(e) valvd
(f) speci

including

bnce to drawings locating the valves
category and size

fic information on the valves to be~tésted,
valve type, actuator type, normal-position,

stroke direction, test to be performed, plant oper

© oo ©

(g) test frequency or schedule, as applicable
(h) reference to Code requirements that @re ho
satisfied, and identification of substitute tests

AS-3000 SUPPLEMENT 3: INEORMATION FOR

ISTD DYNAMIC RESTRAINT (SNUBE
TABLES

(a) identification of-systems, in system-by-
order

(b) Code classification

(c) individualdynamic restraints (snubbers) s
for test and, examination

(d) reference to drawings locating dynamic re
(snubbers)

(el acceptance criteria for the tests and exami

(f) test or examination methods

ational
ime

t being

}ER)
ystem
blected

traints

hations

(g) test or examination frequency or schedule, as

applicable

(h) reference to Code requirements that are no
satisfied, and identification of substitute t
examinations

t being
psts or

Copyright ASME International

Provided by IHS under license with ASME

No reproduction or networking permitted

without license from IHS

84

Not for Resale


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

B-100
The

provid
list usg

require
of Suh
Restra
but is

B-200

Som
includ

ASME OM-2012

Division 1, Nonmandatory Appendix B’
Dynamic Restraint Examination Checklist Items

0 PURPOSE

(d) corrosion or solid deposits that coul

DIVISION 1

d result in

purpose of this Nonmandatory Appendix is to
e examples of items normally included in a check-
d to verify preservice and inservice examination
ments. This Nonmandatory Appendix is not part
section ISTD, Inservice Testing of Dynamic
nts in Light-Water Reactor Nuclear Power Plants,
ncluded for informational purposes.

0 EXAMPLES FOR PRESERVICE AND
INSERVICE

e examples of unacceptable attributes normally
bd in a checklist to verify preservice and inservice

examination requirements are as follows:

(a) i
() 1
conne
(c) ¥

cannof

! This
purpose
and Ing
(Snubbg
part of

Copyright ASME International

hadequate reservoir fluid level

oose, missing, or incorrectly installed structural
tions or fasteners

ented reservoir oriented such that hydraulic fluid
gravitate to snubber

Nonmandatory Appendix is included for informational
s only. While it is related to Subsection ISTD, Preservice
ervice Examination and Testing of Dynamid Restraints
rs) in Light-Water Reactor Nuclear Powet Plants, it is not
hat Subsection.

unaceeptable-snubber-performance
(e) deformed structural attachment o pig
(f) weld arc strikes, paint, weld slag, a
other deposits on piston rod or support cy
could result in unacceptable snifbber perfor
(g) spherical bearing not fully engaged|
ment lug
(h) inadequate position setting

B-3000 EXAMPLES FOR PRESERVICE ON

Some exarhples of additional unacceptabl
normally, included in a checklist to verify
examination requirements only are as folloy

(a),incorrect snubber load rating

(b)"incorrect installed location

(c) incorrect installed orientation

(d) incorrect position setting

(e) incorrect snubber configuration

(f) inadequate swing clearance

(g) snubber installed with preset locking 5
for shipment only

(h) protective coverings or shipping
removed

ton rod
lhesive, or
linder that
mance

in attach-

LY

e attributes
preservice
vs:

crews used

plugs not
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No reproduction or networking permitted

without license from IHS

85

Not for Resale


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

DIVISION 1

ASME OM-2012

Division 1, Nonmandatory Appendix C’
Dynamic Restraint Design and Operating Information

C-1000 PURPOSE (b) design drawings showing snubber rating, loca-
L C o Lo T . 3
Th.e pur a.ose of 'this NonmandatoFy Appendix is' to c:ld, S\;E;g;uuu' pifrto-pin—dimensions,and ot and
Prov1de &Y 1danc§ in the form of de@gn and operating () procurement specifications
1nf'ormat.1o h, Whl.Ch may be usef.ul in the development (d) snubber qualification and acceptance test fresults
of inservicg examination and testing programs for snub- (¢) snubber application reports
bers. Th_ls Nonmandatory. Appenc.ilx 1s not part (_)f (f) the desired reservoir fluid level as a fundtion of
Subse.ctlon ISTD, Inservice Testing of Dynamic piston location and spatial oriefitation
Restraints fn Light-Water Reactor Nuclear Power Plants, (¢) the correlation of actiyation velocity, acceldration,
but is inclgded for informational purposes. and release rate at normal teSttemperatures to the range
of operating temperatutes‘expected so that the shubber
C-2000 DESIGN AND OPERATING ITEMS may be normalized abtest temperature to p¢rform
within a specified range when at its operating
Some itens of snubber design and operating informa- ~ temperature
tion that njay be useful in the development of an inser- (h) method\for measuring the position setting
vice examipation and testing program are as follows: (i) required fluid and seal material specificatipn
(a) snubper operation and maintenance instructions (]) lingiting environmental conditions affecting
including parts list SETVIeQ
(}) drag force for each size and type srjubber
_— ftrnished
! This Nonmandatory Appendix is included for informational (1) the correlation of hydraulic snubber releagse rate
purposes only. While it is related to Subsection ISTD, Preservice L) ¢ yarious loads and the acceleration limiting vhlue of
and Inservide Examination and Testing of Dynamic Restraints . . L€ R
(Snubbers) inp Light-Water Reactor Nuclear Power Plants, it is not mechanical snubbers at various loads to ]ustlfy testing

part of that
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$ubsection.

at less than rated loads
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Division 1, Nonmandatory Appendix D’
Comparison of Sampling Plans for Inservice Testing of
Dynamic Restraints

DIVISION 1

D-1000 PURPOSE

The

provid

sons O

This N

ISTD,

Light{
includ

purpose of this Nonmandatory Appendix is to
e information to enable the user to make compari-
the sampling plans included in Subsection ISTD.
onmandatory Appendix is not part of Subsection
Inservice Testing of Dynamic Restraints in
Water Reactor Nuclear Power Plants, but is
bd for informational purposes.

D-2000 DESCRIPTION OF THE SAMPLING PLANS

For

simplicity, sampling plans are referred to as the

10% plan and the 37 plan.
D-210p The 37 Plan

The |37 plan has an “accept” line. The accept line is
repres¢nted by the equation

N = 36.49 + 18.18C

where

C 3 number of unacceptable snubbers

N = number of snubbers tested
If the point plotted falls on or below-the accept line, as
shown| in Subsection ISTD, Fig~ISTD-5431-1, testing of
that gfoup may be discontiried. If the accept region
still has not been reached dfter testing between 100 and

200 snibbers, then the agtual percent of population qual-

ity (C

! This

purposs

N) should be tised to indicate the probability of

Nonmandatory Appendix is included for informational
s onlysWhile it is related to Subsection ISTD, Preservice

and Ingervie€ Examination and Testing of Dynamic Restraints

(Snubbg
part of

Copyright ASME International

rs) it Light-Water Reactor Nuclear Power Plants, it is not

extended or 100% testing. A population qua]

ity of 2 5%

failed snubbers will probably result inextendled testing.

D-2200 The 10% Plan

The 10% plan is really a family of “accept

follow the equation
N =@0in (1+C/2)

where
n = the number of snubbers in the test

" lines that

population

The treatment*of each accept line is the sanje as in the

37 plan.

D-3000 COMPARISON OF SAMPLING PL

To cover the wide range of numbers of sn

acceptable population quality expected i

ANS

ubbers and
h different

plants, two sampling plans are permitted. Both sampling
plans provide the required protection. Th¢refore, the

selection of a plan may be based on the num

required without compromising safety. The
effect for the two plans is specified in paras.
D-3200.

D-3100 Up to 370 Snubbers

The 10% plan requires the least testing
groups. For groups up to 370 snubbers, the
preferred because less testing is required. N
a group of 370 snubbers, the 10% plan and
both require the same number of tests.

D-3200 Above 370 Snubbers

For groups that have more than 370 sn
37 plan is preferred to the 10% plan. In this

ber of tests
group size
D-3100 and

for smaller
0% plan is
bte that for
the 37 plan

ibbers, the
range, the

hat Subsection.
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Division 1, Nonmandatory Appendix E*
Flowcharts for 10% and 37 Snubber Testing Plans

E-1000 PURPOSE

This Nohmandatory Appendix presents the testing
plans in a flowchart form to enable the user to under-
stand the pptions available for the corrective actions
when unhcceptable snubbers are found. (See
Figs. E-1000-1 and E-1000-2.)

! This No hmandatory Appendix is included for informational
purposes only. While it is related to Subsection ISTD, Preservice
and Inservide Examination and Testing of Dynamic Restraints
(Snubbers) ip Light-Water Reactor Nuclear Power Plants, it is not
part of that $ubsection.
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Fig. E-1000-1 Flowchart for 10% Snubber Testing Plan (ISTD-5300)

DTPG
ISTD-5250

Y

Initial sample
ISTD-5311

complete

Continued testing
in DTPG to satisfy
expression, or all
snubbers tested
ISTD-5313
ISTD-5331(a)

.Y

Failure

Repair/replace
unacceptable
snubbers
ISTD-5280

FMG
determined
ISTD-5272
ISTD-5314.

3

Test
complete
ISTD-5331(a)

Evaluate operational
readiness of all snubbers in
FMG by stroking or testing,
ISTD-5323(a).
Repair or replace all
unacceptable snubbers
ISTD-5280

Yes

Yes Transient No

DIVISION 1

event
FMG

Additional

A

(
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A
A
Repair/replace
unacceptable Yes .
snubbers < Failure
ISTD-5280
Test
complete
ISTD-5331(a)
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DIVISION 1
Fig. E-1000-2 Flowchart for 37 Snubber Testing Plan (ISTD-5400)
DTPG
ISTD-5250
Y
Initial sample
ISTD-5411 Go to
NG
_ A
Y
) Test
Failure comp|ete
ISTD-5431(a)
Evaluate operational
readiness of all
snubbers in FMG by
stroking or testing,
Repair/replace ISTD-5423(a).
unacceptable Repair or replace all
snubbers unacceptable snubbers
ISTD-5280 ISTD-5280
Cqntinued testing
>| in|DTPG to satisfy determined
expression, or all ISTD-5272 Yes \»
shubbers tested ISTD-5413
ISTD-5413
ISTD-5431(a) 4
A
Box A
Supplemental testing in DTPG ’
for each FMG )
FMG testing to
Test one additional lgt satisfy expr¢ssion,
in DTPG for each EMIG or all snuljbers
ISTD-5423(c) tested
ISTD-5428(b)
ISTD-543]i(b)
Test l
Failure complete
ISTD-5431(a)
Raoanair/canl
< Repairreplace
unacceptable Yes Failure
Yes snubbers
ISTD-5280
Repair/replace
unacceptable No
snubbers
ISTD-5280 Goto
< T Box A
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DIVISION 1

Division 1, Nonmandatory Appendix F*
Dynamic Restraints (Snubbers) Service Life Monitoring
Methods

F-1000 PURPOSE

Degradation due to service environment and mainte-
nance prrors can adversely affect snubber performance.
This Nonmandatory Appendix discusses methods and
considerations that can be used to predict and reevaluate
snubbér service life to optimize snubber availability dur-
ing plgnt operation. The service life monitoring program
should be based on knowledge of the operating environ-
ment, pnubber design limits, and service records.

F-2000 PREDICTED SERVICE LIFE

Befgre start of service, snubber service life should be
conserfatively predicted, based on manufacturer recom-
menddtions or design review.

F-2100 Manufacturer Recommendations

Marfufacturer recommendations may include seal and
fluid geplacement intervals for hydraulic snubbers_or
intervdls for replacement of critical parts and/ox/lubri-
cant fqr mechanical snubbers. Such intervalssmay vary,
depengling upon the application.

F-220Q Design Review

Snupber design review should consider materials,
design| features, and the plantroperating environment.
Evaludtion of the effects of the environment on critical
snubber parts such as seals, hydraulic fluids, lubricants,
platings, etc., should be-particularly emphasized.

F-3000 SERVICE-LIFE REEVALUATION

Serviice life reevaluation should include the considera-
tions disctissed in paras. F-3100 through F-3320.

inspections or more frequent snubber pyerhaul or
replacement than originally predicted:

On the other hand, the operating ényironment for the
majority of snubbers may be significantly [less severe
than described in plant design(specification$. Unneces-
sary overhaul or replacenient of such snuybbers may
increase the incidence of snubber failure by introducing
handling or maintenance’errors.

It is important, theréfore, that the operating environ-
ment be identified‘@nd an appropriate servic life estab-
lished. Envireimental parameters may ipclude the
following:

(a) teniperature

(b) vibtation

(c)/transient loading

(d) radiation

(e) humidity

(f) airborne contaminants

(g) leakage of adjacent components

Severe environments may be identified by plant
operating data, direct measurement of envfironmental
parameters, evaluation of the installed lodation [e.g.,
proximity to high-temperature components, ¢r by exam-
ination of snubbers (or snubber parts)].

F-3110 Direct Measurement of Environmental
Parameters. Various types of instrumen[ation and
equipment are available for direct measurempnt of envi-
ronmental parameters such as temperature} vibration,
radiation, and humidity. Such equipment mjay be used
for specific snubber locations where sevege environ-
ments are expected or as an aid in determinir|g the cause
of snubber degradation.

F-3120 As-Found Testing. As-found testing of snub-
bers removed from service can identify degrgdation due

F-3100 Knowledge of the Operating Environment

Actual plant operating environments can differ signif-
icantly from original plant design specifications. Some
snubbers may be subjected to localized high tempera-
tures that are not representative of the general snubber
population. Such applications may require augmented

! This Nonmandatory Appendix is included for informational
purposes only. While it is related to Subsection ISTD, Preservice
and Inservice Examination and Testing of Dynamic Restraints
(Snubbers) in Light-Water Reactor Nuclear Power Plants, it is not
part of that Subsection.
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to severe operating environments.

F-3200 Knowledge of Operating Environment Effects

Reevaluation of a snubber service life should include
a thorough knowledge of the effects of various operating
environments on snubber performance. Such knowledge
may not be readily available from the manufacturer and
may require engineering evaluation, including monitor-
ing of trendable degradation parameters for snubbers
removed from service. This might include periodic mea-
surement of potentially trendable test parameters, e.g.,
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drag force for selected snubbers. Periodic disassembly
and evaluation of snubber internal parts (e.g., seals,
springs fluid, etc., may also be required).

F-3210 Identification of Degraded Snubbers.
Degraded snubbers may often be identified by visual
examination of snubbers or snubber parts, by sampling
of hydraulic fluid, or by evaluation of functional test
data.

ASME OM-2012

F-3310 Failure Evaluation Data Sheet. Failure evalu-
ation data sheets should include information pertaining
to failure mode, failure mechanism, environment, ser-
vice time, abnormal conditions, visual observations, test
results, and test observations.

F-3320 Diagnostic Testing. Diagnostic testing may
be useful in identifying the failure or degradation
mechanism.

F-3220 Trending. The Fnﬂnmring should be consid-
ered for tr¢gnding:

(a) establishment of trending parameters and associ-
ated baseline data

(b) trending parameters should relate directly to the
anticipated failure mode

(c) reserpoir fluid level is the most appropriate trend-
ing parameter for monitoring snubber leakage

(d) trends may be more effectively identified using
average rafher than peak drag force

F-3300 (ause Evaluation of Degraded or Failed
$nubbers

Failures |often result from influences not related to
service tinje or service environment. Such influences
include maintenance activities, construction activities,
and manufacturing defects. It is important to ensure
that servicg life is not unjustifiably influenced by such
failures or [degradation. Therefore, snubbers that failed
inservice exkaminations or tests, and snubbers removed
from servife due to excessive degradation, should be
evaluated fo determine the cause of the degradation or
failure.

F-4000 SHORTENED SERVICE LIFE

It may be necessary to shorten the service life of snub-
bers subjected to severe environments, such as| exces-
sively high temperatures and vibrdtion. Snubpers in
severe environments may require ‘augmented durveil-
lance, including “hands-on” evaluations (e.g., sfroking
or in-situ monitoring).

F-5000 SERVICE LIFE\EXTENSION

In many cases, where there has been minimal dqgrada-
tion due to thé.gefvice environment, it may be [appro-
priate to extend the previously established service life.
Service lifé\extension should be based on a tefhnical
evaluation of snubber performance that includes the
current-level of service-related degradation as ell as
the-degradation rate.

F-6000 SEPARATE SERVICE LIFE POPULATIONS

Depending on the significance of environimental
extremes from one area in the plant to another, s¢parate
and distinct service life populations may be apprqpriate.

92
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DIVISION 1

Division 1, Nonmandatory Appendix G’
Application of Table ISTD-4252-1, Snubber Visual
Examination

G-1000 PURPOSE

This
use of
ber ex

Nonmandatory Appendix provides guidance for
[able ISTD-4252-1 to determine subsequent snub-
hmination interval.

G-2000 ASSUMPTIONS

The Jassumptions used are as follows:

(a) gnubber population = 750 snubbers installed in
the unjit
(b) gccessible portion of the population = 300
(c) ihaccessible portion of the population = 450

(d) pormal fuel cycle = 12 mo

NOTE:
tion carj

Examination intervals may vary by +25% (i.e., examina-
be performed between 9 mo and 15 mo).

G-3000 CASE 1: EXAMINE ACCESSIBLE AND

INACCESSIBLE SNUBBERS JOINTLY

If the decision is made to examine the snubberpopula-
tion without categorizing snubbers as accessible or inac-
cessible in accordance with para. ISTD-4220, then the
total rjumber of snubbers unacceptable*to the visual
examination requirement is used in Table ISTD-4252-1
to det¢grmine the next examination-interval.

G-310

If the total number of ‘ifacceptable snubbers found
during current examination is 20 or less, referring to
populdtion line for\750 snubbers and Column A, then,
in accgrdance with' Note (3) of Table ISTD-4252-1, the
next examination interval is twice the previous interval
but not gréater than 48 mo. If the previous examination
intervgl was the normal fuel cycle, the examination dur-

D Application of Column A

G-3200 Application of Column B

On the 750 population line, if the nufnber df unaccept-
able snubbers is greater than 20 but leéss thgn or equal
to 40, referring to Column B and Note (4), the next
examination interval is the same-as the previgus interval
(12 mo).

G-3300 Application of Less Than or Equal o Column
C and Recovery

If the number of tinacceptable snubbers is greater than
40, but less.than or equal to 78 (say 60), teferring to
Columns Band C and Note (5), then interpglation may
be used or the interval is reduced to two-thirds of the
previous interval. If the previous interval wap the 12-mo
normal fuel cycle, then the next examinatipn interval
is % x 12 = 8 mo. Alternatively, for 60 umacceptable
snubbers, interpolate between Columns B pnd C, ie,
examination interval

(12 - 8)
(78 = 40)

8 +1.89 = 9.89 mo

2/3><12+[ x (78 — 60)

However, for determining the subsequerjt examina-
tion interval, use the previous interval as 8 mo without
interpolation, or 9.89 mo when interpolatiof is used.

The number of unacceptable snubbers foynd during
the subsequent examination done at an 8-mojor 9.89-mo
interval will determine the next examinatiory interval as
follows:

If the number of unacceptable snubbers i

(a) less than or equal to Column A, the next examina-
tion interval is 2 X 8 mo or 2 X 9.89 mo

(b) greater than Column A but less than
Column B, the next examination interval

or equal to
s 8 mo or

ing the next fueling outage may be skipped. Thus, the
next examination is due at 24 mo +6 mo (=25% of 24 mo).
If the number of unacceptable snubbers found at the
next examination is equal to or less than the number in
Column A, the interval may be doubled again, but not
to exceed 48 mo.

! This Nonmandatory Appendix is included for informational
purposes only. While it is related to Subsection ISTD, Preservice
and Inservice Examination and Testing of Dynamic Restraints
(Snubbers) in Light-Water Reactor Nuclear Power Plants, it is not
part of that Subsection.
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9.89 mo

(c) greater than Column B but less than or equal to
Column C, the next examination interval is two-thirds
of 8 mo or two-thirds of 9.89 mo, or interpolate between
Columns B and C

G-3400 Application of Table When Number Exceeds
Column C

For a population of 750 snubbers, if the number of
unacceptable snubbers is greater than 78 (i.e., the num-
ber shown in Column C), then the next examination
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interval is two-thirds of the previous interval. If the
previous interval was the normal fuel cycle of 12 mo,
the calculation is % % 12 = 8 mo.

G-4000 CASE 2: EXAMINE ACCESSIBLE AND
INACCESSIBLE SNUBBERS SEPARATELY

If the decision was made to examine the accessible
and inaccessible snubbers as separate categories, results

ASME OM-2012

G-4200 Determine Subsequent Interval Separately

The number of unacceptable snubbers found in the
accessible or inaccessible category shall determine the
next examination interval for each category separately.
The process for each is the same as discussed in section
G-3000. For example

(a) if the number of unacceptable snubbers in the
accessible category is 10 (greater than Column A but less
than or equal to Column B), then the next examination

are used s¢parately in labte 151 D-4252-1

G-4100 Determine the Values From Columns A
Through C

The vaJues for 300 snubbers are given in
Table ISTIP-4252-1. However, for the 450 inaccessible
snubbers, interpolate to determine the number of unac-
ceptable spiubbers for each column. The interpolation
may be applied whenever the exact population or cate-
gory quantity is not given in Table ISTD-4252-1.

interval for the accessible nnfngnv‘ is the Pravious
interval

(b) if the number of unacceptable snubbers|in the
inaccessible category is 6 (less than or equal to Jolumn
A, which is 10 for 450 snubbers), then.the next interval
for the inaccessible category is twice the previous
interval

G-4300 Recombining Categories Into One Population

If the accessible and inaccessible categories hdve dif-
ferent intervals for thé€)subsequent examinatioh, they
may be examinedjjointly at the shorter examination

Column A Column B Column C = jnterval requiregdhby either category. Use the ghorter
300 accessible 5 12 25 interval as the.previous interval in determining the sub-
450 inaccessfble 10 21 42 sequent examination interval for the entire popylation.
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DIVISION 1

Division 1, Nonmandatory Appendix H’
Test Parameters and Methods

H-1000 PURPOSE

mechanical snubber. The three activation parameters are
2910 11 20

This) Nonmandatory Appendix provides guidelines
for estiablishing snubber functional test methods that

i Jd i L1 L L1l 29
CISCOSSCOIT parasS T T Uz 10 Ui Ougtt T 1T IZ00

H-3210 Locking Velocity. Locking-velogity is mea-

will pfoduce information compatible with Subsection  gyred by stroking the snubber at a graduallyf increasing
ISTD equirements. These guidelines do not preclude velocity. Generally, the rate of change in velgcity (ramp
any particular test equipment or method. Manufacturer  rate) is also controlled. Locking yelocity is dletermined

recommendations should be considered. EPRI Report
No. TR-102363, Evaluation of Snubber Functional Test
Methogs, July 1993, provides additional guidance.

D Drag Force-Measurement

b force is ‘measured by controlling the snubber
stroke| displdcérhent while measuring the resulting
resistahce foree. Generally, the rate of change in displace-
ment (vélocity) is also controlled.

by recording stroke velocityéat the point of c¢ntrol valve
closure. Control valve clestire may be idenfified using
a number of indicatorsincluding the point{ of sudden
force increase.

H-3220 Velocity Threshold. Velocity threshold is
measured by stroking the snubber at a velocify sufficient
to activate the velocity limiting mechanism. After activa-
tion, a.specified constant force is appliegl. Velocity
threghold is determined by recording the average stroke
velocity over a specified time period or stroke distance,
after the force stabilizes at the specified yalue. This
applies to a velocity-limiting device.

H-3230 Acceleration Threshold. Acfeleration
threshold is measured by stroking at an gcceleration
sufficient to activate the acceleration limiting mecha-
nism. After activation, a specified force is applied. Accel-
eration threshold is determined by recording fhe average
acceleration over a specified time period or|stroke dis-
tance, after the force stabilizes at the specified value.
This applies to an acceleration-limiting devjce.

H-3300 Release Rate Measurement

Release rate is measured by applying a specified con-
stant force to the snubber while measuring tle resulting
stroke velocity. Release rate is determined by recording
the average stroke velocity over a specified §ime period
or stroke distance, after the force stabilizes 4t the speci-
fied value.

H-3200 Activation Measurement

Activation applies to snubbers that have two distinct
operating modes (i.e., activated and inactivated). Activa-
tion may involve control valve closure for a hydraulic
snubber or engagement of a braking mechanism for a

! This Nonmandatory Appendix is included for informational
purposes only. While it is related to Subsection ISTD, Preservice
and Inservice Examination and Testing of Dynamic Restraints
(Snubbers) in Light-Water Reactor Nuclear Power Plants, it is not
part of that Subsection.
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H-4000 GENERAL TESTING CONSIDERATIONS

Snubber functional testing may involve the use of
more than one test machine. Test results are subject to
some variation due to a number of influences, including
differences in instrumentation, the magnitude of con-
trolled variables, variations in test machine control meth-
ods, environmental influences, and variations in data
interpretations.
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H-4100 Drag Test Velocity

For some snubber models, drag force is sensitive to
test velocity. Test velocity should therefore be represen-
tative of the anticipated thermal movement rate of the
components to which the snubbers are attached. Estab-
lishing standard drag test velocities will also facilitate
identification of trends.

NOTE: For acceleration-limiting snubbers, the ramp rate (acceler-
ation) to the desired drag test velocity should be maintained at a
level that is ot Tvatt

H-4200 Test Force

H-4210
between re

Effect on Release Rate. The relationship
ease rate and test force is generally consistent

ASME OM-2012

acceleration threshold, on the other hand, are measured
while applying a force to the snubber. For these parame-
ters, the effect of variations in test force should be estab-
lished for each snubber model, for either correlation
purposes, or for verification that the parameter is unaf-
fected by such variations.

H-4300 Velocity Ramp Rate

Locking velocity test results may be affected by veloc-
rate (the rat i troke velocity).
Results of locking velocity tests conducted at
rate less than 2 in./min/sec will generally be
in this regard.

H-4400 Data Recording

and predicfable. Relee.ase rates measured at any test .force A continuous recording of bt variables shquld be
can generdlly be reliably converted to the associated P d. Thi . NV P

o . . performed. This data will assist in verification| of the
release ratq value at the specified test force using empiri-

cally derived correlation curves or equations. For exam-
ple, the relpase rate of a snubber tested at 60% of rated
load may He converted to the corresponding release rate
at 100% of|rated load.

H-4220| Effect on Activation. Locking velocity is
unaffected| by test force because the test force is not
applied until after activation. Velocity threshold and

test results and resolution. of any snubber perfofmance
anomalies.

H-4500 Verification/of Test Results

Some test machines calculate and print test [results
automatically.Manual verification of automatically gen-
erated restlts' will help validate the printouts. See also
para. H-4400.
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Division 1, Nonmandatory Appendix }*
Check Valve Testing Following Valve Reassembly

J-1000 PURPOSE

DIVISION 1

examination is not a test, the test matrix, shown in

Tlbla 1 200

The
provid
maint
subpat

J-200¢

Whd
becauq
tying
require

! This
purposs
Testing
is not p

purpose of this Nonmandatory Appendix is to
e guidance for determining the appropriate post-
bnance testing for check valves discussed in
a. ISTC-5221(c).

POSTDISASSEMBLY TEST
RECOMMENDATIONS

n a check valve is disassembled and examined
e it is impractical to verify it open or close, veri-
he proper reassembly of the valve should not

performance of the impractical test. Since an

Nonmandatory Appendix is included for informational
s only. While it is related to Subsection ISTC, Inservice
of Valves in Light-Water Reactor Nuclear Power Plants, it
hrt of that Subsection.

Table J-2000-1 Check Valve Test Matrix

fable 2000+ was-developedto-help-the-o
lish post-maintenance testing requirements.

examples recommend a demonstration-of'th
function (e.g., if a valve is disassembled becd
cannot be demonstrated, then ah-open test
partially open the obturator is_recommend
sembly and examination detivities cannot

satisfy a leakage test requirement. If postn
testing is not practicable/the Owner should
appropriate actions<to'ensure proper reasse

J-3000 TEST\MATRIX

The test matrix, shown in Table J-2000-
recommendations for the Owner’s use in d
postmaintenance test requirements. Where
ommendations are provided, the recommen|
listed in order of preference.

vner estab-
bome of the
b nonsafety
use closure

to at least
ed). Disas-
be used to
laintenance
take other
mbly.

|, provides
stablishing
ultiple rec-
dations are

Valve [Exercise
Requjrement Reason for Disassembly Postmaintenance Testing Recommjendation
Safety Function:
Open Cannot achieve flow to fulfill its 1. Perform an open test to partially ogen the obtur-
intended function ator, if practicable
2. If a seat leakage requirement exist§, do the
leakage test
3. Perform a closure test
Close Cannot verify closure Perform an open test to at least partidlly open the
obturator, if practicable
Open and Close Cannot achieve flow to fulfill its 1. Perform an open test to partially open the obtur-
intended function ator, if practicable
2. If a seat leakage requirement exists, do the
leakage test
3. Perform a closure test
Open and Close Cannot verify closure Perform an open test to at least partially open the
obturator, if practicable
Open and Close Cannot achieve flow to fulfill its Perform an open test to partially open the obtura-

intended function, and can-
not verify closure

tor, if practicable
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Division 1, Nonmandatory Appendix K*
Sample List of Component Deterministic Considerations

K-1000 PURPOSE

(c) What does the maintenance history indicate about

This Nopjmandatory Appendix provides guidance to
the Plant Hxpert Panel for categorizing components as
HSSC or I5SC.

the-rehability-of-thiscomponent?
(d) Does the component receive preventivel shainte-
nance, and is it effective for preventing\identified
failures?
(e) How are component failures détected?

K-2000 $AMPLE DETERMINISTIC )
ONSIDERATIONS K-2400 Effect of Component Failure on System
Operational Readiness
K-2100 Dgsign Basis Analysis (a) Is the component important to maintaining pystem
(a) Is tHe component considered in design basis  availability?
analysis? (b) How does compenent failure affect system per-

(b) Is the component function considered important
in the Safefty Analysis Report?

(c) Are there any technical specification considera-
tions for this component?

K-2200 Radioactive Material Release Limit

(a) Could the failure of this component be considered

formance?
(c) Does component failure cause other systemn com-
ponent failutes?
(d) Whats the system component level of defense in
depth?
(e). Does the system or component perform othe
tiens outside the scope of the PRA?

r func-

a breach irf an engineered safety barrier? (f) Can system or component failure modeg affect

(b) Could the failure of this component result in an () redundant trains or other similar components?
uncontaingd release of radioactive material in excess_of . . .
that allowdd? K-2500 Other Deterministic Considerations

(a) Should other component failure modes be ¢onsid-

K-2300 Maintenance Reliability ered in the PRA model?

(a) Is thg component important to maintaining system (b) Is this component used to mitigate the conse-
reliability? quences of an accident caused by external events?

(b) Whaf type of component failures have been experi-
enced for this and similar style components?

! This Nonfmandatory Appefidix is included for informational
purposes onlfy. While it is relatédto Subsection ISTE, Risk-Informed
Inservice Tegting of Components in Light-Water Reactor Nuclear
Power Plantd, it is not¢part of that Subsection.

(c) Is this component important for safe shutglown?
(d) Is this component required to maintain the safe
shutdown condition?
(e) Should other component failure modes that may
not be included in the PRA be considered (e.g.} aging
effects, structural supports, human performance
failures)?

98

Copyright ASME International
Provided by IHS under license with ASME

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

ASME OM-2012

DIVISION 1

Division 1, Nonmandatory Appendix L*
Acceptance Guidelines

L-1000 PURPOSE

(2) there has been an identification of a potential

This{ Nonmandatory Appendix provides guidance on
the degision criteria for aggregate risk limits using CDF
and LERFE

L-2000 ACCEPTANCE GUIDELINES

L-210Q Background and Introduction

The|risk acceptance guidelines presented in this
ndatory Appendix are structured as follows.
Regior}s are established in the two planes generated by
a measure of the baseline risk metric (CDF or LERF)
along the x-axis, and the change in those metrics (ACDF
or ALERF) along the y-axis (Figs. L-1 and L-2). Accept-
ance guidelines are established for each region as dis-
cussedl below. These guidelines are intended for
compdrison with a full PRA scope (including internal
events| external events, full power, low power, and shut-
down)| assessment of the change in risk metric, and;
when hecessary, as discussed below, the baseline value
of the frisk metric (CDF or LERF). However, it is receg-
nized fhat many PRAs are not full scope, and the use
of less|than full scope PRA information is acceptable as
discusfed in this subsection.

Thete are two acceptance guidelines, ne for CDF and
one fof LERF, both of which should be used.

L-2110 Acceptance Guidelines'for CDF. The accept-
ance guidelines for CDF are,as.follows:

(a) If the change can be-clearly shown to result in a
decreape in CDF, then the.change is satisfactory.

(b) When the calculated increase in CDF is very small,
which is taken as being less than 1E-06 per reactor year,
the change should be considered regardless of whether
there i$ a calctilation of the total CDF (Region III). While
there i$ nofequirement to calculate the total CDF, should
there He arrindication that the CDF may be considerably

vinerabiityfrom-a-margins—type-analysis—or
(3) historical experience at the plantih|guestion has

indicated a potential safety concern

(c) When the calculated increase in CDFis
of 1E-06 per reactor year to 1E:05 per re
changes should only be considered if it can be|
shown that the total CDF isdess than 1E-04
year (Region II).

(d) Applications that-résult in increases to
1E-05 per reactor yéar (Region I) should ng
be considered.

L-2120 Guidelines for LERF. The guidelings for LERF
are as follows:

(a) If\the change can be clearly shown to| result in a
decrease in LERF, then the change is satisfagtory.

(b) When the calculated increase in LHRF is very
small, which is taken as being less than 1E-07|per reactor
year, the change should be considered regardless of
whether there is a calculation of the tptal LERF
(Region III). While there is no requirement fo calculate
the total LERF, should there be an indicatipn that the
LERF may be considerably higher than 1E-05|per reactor
year, then the focus should be on findirnjg ways to
decrease rather than increase it. Such anfindication
would result, for example, if

(1) the contribution to LERF calculated from a lim-
ited scope analysis, such as that the IPE, angl, if appro-
priate the IPEEE, significantly exceeds 1E-05

(2) there has been an identification of ja potential
vulnerability from a margins type analysis r

(3) historical experience at the plant in question has
indicated a potential safety concern

(c) When the calculated increase in LERF is in the
range of 1E-07 per reactor year to 1E-06 per rfactor year,
changes should only be considered if it can be|reasonably

n the range
hctor year,
reasonably
per reactor

CDF above
t normally

higher than TE-04 per reactor year, then the focus should
be on finding ways to decrease CDF. Such an indication
would result, for example, if

(1) the contribution to CDF calculated from a lim-
ited scope analysis, such as the PRA, and, if appropriate,
the PRA with external initiating events, significantly
exceeds 1E-04

! This Nonmandatory Appendix is included for informational
purposes only. While it is related to Subsection ISTE, Risk-Informed
Inservice Testing of Components in Light-Water Reactor Nuclear
Power Plants, it is not part of that Subsection.
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shownm that the totat CERT 15 €55 than 1E-05 per reactor
year (Region II).

(d) Changes that result in increases to LERF above
1E-06 per reactor year (Region I) should not normally
be considered.

L-2130 Additional Guidelines. These acceptance cri-
teria are intended to provide assurance that proposed
increases in CDF and LERF are small.

The analysis may be subject to a more detailed techni-
cal and management review depending upon the degree
to which a change resides in a given region. In the context
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of the integrated decision making by the Plant Expert
Panel, the boundaries between regions should not be
interpreted as being definitive; the numerical values
associated with defining the regions in the figure are to
be interpreted as being absolute.

As indicated by the shading on the figures, the change
request should be subject to a technical and management
review that becomes more intensive the closer the calcu-
lated results are to the region boundaries.

10-6

Region lll

\
@ [Note (3)]

10-5 104 CDF —

NOTES:
(1) Region I: No changes allowed.
(2) Region lI:
(@) Small changes
(b) Track cumulative impacts
(3) Region llI:
(a) Very small changes
(b) More flexibility with respect to baseline CDF
(¢) Track cumulative impacts
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Fig. L-2 Acceptance Guidelines for LERF (From RG 1.174)

0 Region |
& [Note (1)]
-
<
106
Regio
[Note (2)]
10-7
Region I
[Note (3)]
10-6 10-5 O\ LERF — >
NOTES: Q
(1) Reglon I: No changes allowed. Q
(2) Reglon II: Q
(@ Small changes §
(B) Track cumulative impacts $\
(3) Regfon IlI: &
(@ Very small changes R\
(@) More flexibility with respect to baseline LERF $
(d Track cumulative impacts ‘\6
3
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Division 1, Nonmandatory Appendix M
Design Guidance for Nuclear Power Plant Systems and
Component Testing

M-1000 lPURPOSE

This Nopmandatory Appendix provides guidance for
the design pf systems and components in nuclear power
plants to gupport preservice and inservice testing in
accordancd with the requirements of Divisions 1 through
3 of ASMK OM. The guidance is intended to support
design activities for new plant construction, but can be
considered| for existing plant systems.

M-2000 [BACKGROUND

Nuclear |power plants are required to comply with
the requirements for preservice and inservice testing set
forth in thq applicable edition of ASME OM, Division 1.
In the pasf, Code applicability has caused Owners to
obtain reli¢f from some of these requirements or to per-
form costly modifications due to limitations in design
or construdtion. With the inception of a new generation
of nuclear power plants, it is prudent that these limitas-
tions be elfminated during the design phase.

In additipn, Divisions 2 and 3 of ASME OM hayebeen
developed |to provide guidance for performance.testing
of various [plant systems and components.tThe design
of new nuflear power plants provides an opportunity
to enhancq testability through incorpgration of appro-
priate design features.

This Nopmandatory Appendixisintended to support
design organizations and isé&pecifically intended to
advise pefsonnel responsible*for the design of these
plants regdrding the provisions that should be consid-
ered when(designing systems and components that will
subsequently be subject to ASME OM requirements for
preservice [and_insetvice testing. Specific guidance is
provided fpr,_selected parts of Divisions 1 through 3 of
ASME OM for initial plant design.

should establish an effective design and qualiilication
process for pumps, valves, and dynamie resfraints.
ASME QME-1-2007" incorporates lessons|learned from
nuclear power plant operating experience and ftesting
programs for the design and qualification of mechanical
equipment to be used in ntclear power plants.
ASME QME-1-2007 provides ene approach for the func-
tional design and qualification of pumps, valves, and
dynamic restraints.

M-3100 General Test Capability Guidance

(a) Identify the'\components and systems that require
testing based\upon review of the Scope statempnts of
Divisions 1through 3 of ASME OM with considpration
of approyed plant-specific probabilistic risk asseskments
(PRAS),> regulatory issues, or other {lesign
considerations.

(b) Determine the specific test requiremgnts of
Divisions 1 through 3 of ASME OM for each component
and system identified per (a) above.

(c) Review the system design and the component
specifications for testability for each test identified in
(b) above and provide design features to suppprt the
required testing. Not all requirements will apply fo each
component or system situation. Considerations include

(1) the capability to perform full-flow testing of the
system or pump
(2) the capability to perform required testing dur-
ing any plant operating mode, including rformal
operation
(3) minimizing impact on plant safety and [risk
(4) minimizing Technical Specification Action
Statement entries
(5) minimizing safety-system availability imhpact
(6) minimizing temporary plant alterations [to per-

M-3000 GUIDANCE

Lessons learned from nuclear power plant operating
experience, industry degradation-monitoring programs
for systems and components, and regulatory testing pro-
grams have revealed the need for an effective design
and qualification process to allow the preservice and
inservice testing programs to properly assess the opera-
tional readiness of plant components to perform their
safety functions. To address this need, design personnel

fornrrequired-testing

(7) the capability to perform required leakage test-
ing (e.g., valve, system, containment building, etc.)

(8) the required test-instrumentation accuracy

(9) instrumentation, component, and system acces-
sibility for plant personnel, including dose and safety
considerations

(10) the capability for test-data collection via inputs
to the plant computer (e.g., pump pressure and flow
data vs. time; valve position vs. time data)

! Asaccepted in Revision 3 to NRC Regulatory Guide (RG) 1.100.
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(11) installing dedicated containment electrical
penetrations for use by startup instrumentation, includ-
ing provision for separate power and control
penetrations

(12) minimizing the need for relief from the testing
requirements of ASME OM, Division 1

(13) accommodating the application of software-
based digital technology for pumps and valves

(14) assessmg the potentlal adverse effects on

) coordinating preservice testing and inspec-
ests, analyses, and acceptance criteria (ITAAC)

bases for the design decisions.

M-3200 Subsection ISTF (Pumps)?

Subgection ISTF requires that pumps be tested period-
ically and performance data collected such that devia-
tion ffom predetermined reference values can be
deternpined and evaluated. Consider the following infor-
mation to support Subsection ISTF testing and to mini-
mize fhe plant impact from periodieitesting. Some
featurgs are to be considered within_the design of the
connefted piping system, while-others are required
information or features within\the pump specification.

M-3210 Flow. Providéabroad flow range,including
full flqw, considering the‘\following;:

(a) esign the pipitig network to draw from an avail-
able squrce and refurn. Ensure that the entire testing flow

(b) L

DIVISION 1

pump runout. Evaluate the benefit of using normal sys-
tem piping or dedicated test piping (or a combination)
to ensure the flow testing range is accommodated.

(d) Design the systems for implementation of the
comprehensive pump-testing provisions of ASME OM,
Division 1 without the need for regulatory relief.

(e) Design the test flow path to support the testing
duration without pump heat raising fluid temperature
above acceptable hmlts If the test ﬂow path will not
: jitation in the
pump purchase spec1f1cat10n or consider)an alternate
recirculation-path heat exchanger with-the.capability for
heat-removal cooling during power ©Operati¢n.

(f) Document expected test durations and perform-
ance parameters in the pump design specification.

(g¢) Design the flow patlifor the tested pump such
that the operability of other pumps is nof impacted
during the test. Ensure that the discharge of the tested
pumps is designed:to avoid adverse intergction with
other systems (e.g j.shared miniflow, causinglinoperabil-
ity of an alterndte train).

M-3220 Test Data Collection. Consider [the follow-
ing when'data collection is required:
(a)>Provide permanently installed instrymentation
that'will meet or exceed Subsection ISTF mepsurement-
accuracy requirements to support data collgction.

(1) Provide direct-flow measurement capability in
the discharge piping of each individual punjp, for each
pump requiring Subsection ISTF testing.

(a) Avoid reliance on a single wide-rgnge instru-
ment located in a common pump-discharge header. For
example, provide a flow orifice with permangnt differen-
tial pressure instrumentation.

(b) Provide a suitable piping arrar]
assure accurate flow measurement.

(c) Consider recommended location
as prescribed within a standards documd
ISO 5167:2003.

(2) Provide pump-discharge and suctioh pressure-
measurement instrumentation in close proximity to the
pump for measuring differential pressure forjeach pump
requiring Subsection ISTF testing. Locate pressure taps
in the piping configuration per the instrumert manufac-
turer’s recommendations or suitable industry standards

gement to

limitations
nt such as

power operation. This is a system requirement.

(c) Design throttling capability for the full range of
required pump operation, from minimum flow to maxi-
mum required design-basis flow. Select valves with
throttling resolution compatible with design test condi-
tions. Ensure that protection is provided to prevent

2 Subsection ISTF applies to nuclear power plants with a construc-
tion permit or combined license issued on or after January 1, 2000;
Subsection ISTB applies to nuclear power plants with a construc-
tion permit issued prior to January 1, 2000.

103

such as those published by American National
Standards Institute/Hydraulic Institute (ANSI/HI) or
by ASME in the Performance Test Codes.

(3) Provide for vibration and speed measurement
for each pump requiring Subsection ISTF testing. In
addition, consider permanently installing accelerome-
ters on shaft bearings to monitor vibration on deep draft
pumps.

(4) Allow for in situ calibration, or accommodate
easy removal to a calibration/instrument maintenance
shop.
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(5) Consider instrument fluctuations and readabil-
ity to ensure test repeatability (i.e., readability for estab-
lishing reference values).

(b) Describe in the pump specification document
explicit locations for the instruments and accuracy of
this instrumentation when the instrumentation is to be
supplied by the pump vendor.

M-3300 Subsection ISTC (Valves)

Subsection ISTC requires that valves be tested periodi-

ASME OM-2012

versus time. Provide means to contain leakage inventory
or have suitable drain capability for leakage-flow
measurement.

(3) Provide permanently installed instrumentation
that will meet or exceed Subsection ISTC measurement
accuracy requirements for locations where local access
may not be possible during required testing.

M-3320 Exercise Testing of Subsection ISTC,
Category A and Category B Valves. Design system con-

. . . . 13
HEUL4UIONS 10 SUPPOIT €EXCICISE TESUITE a5 T0HOW B:

cally and gerformance data collected to ensure that the . ) .
valves arq performing within specified acceptance . (a) Provide system conf1gurat1on§uch thaidhp pystem
limits. is not adversely impacted by stroking thelvalve|(i.e., it
Based o1} the required function(s), provide for the fol- does not cause loss of sys.tem k.eep-flll fubction).
lowing typles of testing in the plant design. . ( b) Prov1d.e sys.tern configuration,stich that thelopera-
bility or availability of redundant valves or systgms are
M-3310 Leak-Rate Testing of Subsection ISTC, not impacted during the stroke.test.
Category A Valves ) - .
(a) Design system configurations to support leak-rate M-3330 Exercise Testilig of Subsection ISTC,
testing as follows: Category C Valves ) . )
(1) Prpvide upstream and downstream isolation (a.) Design system cénfigurations to support exercise
capability $uch that the test volume can be pressurized testing as fol.lows: i
with the appropriate medium to the required test pres- (1) Providetest connections upstream of the check
sure. For ¢xample, for containment isolation valves ~ Vvalve to allovy reverse-flow testing. -
(CIVs) thaf may come in direct contact with the primary (2) Prov1de‘test connections as required to fdcilitate
containmeft atmosphere following an accident, provide mal.<eup or motive flow for forward- and reverse-flow
the capability to perform leak-rate testing using air or ~ testing.

other pneumatic media at a pressure equal to the maxi-
mum postfccident containment pressure.

(2) Prpvide test connections upstream and downs
stream of the Category A valves for pressurization and
venting to pnsure that the required pressure differential
is achieved and that the Category A valves can be tested
in the accilent mitigation direction.

(3) Prpvide capability to test valves duiring normal
plant operation where practical.

(3) Provide testable check valves where r¢
forward- or reverse-flow testing cannot be perfq
(b) Design test-data collection capability to s
exercise testing as follows:
(1) Provide instrumentation to verify that forward-
flow criteria are met for check valves.
(2) Provide instrumentation upstream of th¢ check
valve to facilitate reverse-flow testing.
(3) Refer to subpara. M-3310(b) for further

quired
rmed.

upport

instru-

(4) Locate valves to be accessible”during normal ~ mentation guidance.
plant opergtion. M-3340 Exercise Testing of Subsection| ISTC,
(5) Pr Yide a tes.t co.n.ﬁguration that will not affect Category D Valves
the operabllity or availability.of redundant systems dur- . . .
o th durati (a) Design system configurations to suppoqt ISTC
ing the test gratlon. . : . requirements as follows:
(6) Provide the eapability to isolate individual (1) Provide unobstructed local visual access fo non-
valves to gupportdesting and facilitate diagnosis or losi lief devi
ir for gystem. configurations with parallel isolation reciosiig pressure re el devices.
f;l:l)ji it (2) Provide unobstructed local access to the[charge
. hnic- . Ives.
(7) Provide capability to perform leak-rate testing on pyrotechnic-actuated (squib) valves

using the service medium for the system at a pressure
equal to the maximum pressure to which the valve will
be exposed during the specific function for which it is
designed.
(b) Design test-data collection capability as follows:
(1) Provide suitable provisions to connect tempo-
rary pressure-measurement instrumentation that will
meet Subsection ISTC measurement accuracy require-
ments for the test connections described in (a)(2) above.
(2) Provide suitable arrangement for measurement
of leakage flow, pressure feed rate, or pressure decay

104

tTrctode PTOVISIOTTS IIT bqui'u vatve dcbigub for the
capability to perform, with sufficient access, inservice
testing and inspection activities to assess the integrity
of internal parts and the presence of fluid or foreign
material that might adversely impact the performance
or integrity of the squib valve and its actuator.

M-3350 Position-Indication Verification Testing of
Subsection ISTC Valves

(a) Provide unobstructed local visual access for valve-
position confirmation for valves with remote position
indication.
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(b) For valves that cannot be observed directly, such
as solenoid valves, specify instrumentation that can be
used to confirm actual valve position.

M-3360 Valve Specifications or Plant Design. Con-
sider the following provisions in the valve specification
or plant design as appropriate:

(a) Design test-data collection capability to support
diagnostic testing of motor-operated valves (MOVs), air-
operated valves (AOVs), and hydraulic-operated valves

DIVISION 1

(d) Diagnostic Testing of Hydraulic-Operated Valves
(HOVs)

(1) Specify valve assemblies (valve and operator)
with built-in, or with the ability to accept, monitoring
and diagnostic equipment (e.g., smart-valve
technology).

(2) Consider guidance provided for HOVs by
ASME OM, Division 3, Part 19.

(3) Ensure the system design allows for the periodic

(HOV_) as—totows: verificationof HO\L Aam’gn basis napalm']ﬂy juring pre-
(1) Provide inputs to the plant computer to allow service and inservice testing. Design the system to allow

collectjon of sufficient diagnostic data of performance HOV testing at design conditions (e:g,, ‘full-flow and

parampters for power—operated valves to ensure proper design temperature and pressure).

setup and performance evaluation per Subsection ISTC (4) Ensure the system and valve designfapplies the

requir¢ments. lessons learned from MOV-operating expgrience and
(2) Refer to subpara. M-3310(b) for further instru-  performance testing to facilitate testing of FIOVs.

mentation guidance.
(b) Diagnostic Testing of Motor-Operated Valves (MOVs)
(1) Specify valve assemblies (valve and operator)
with built-in, or with the ability to accept, monitoring
and djagnostic equipment (e.g., stem strain gages,
smartivalve technology). Include quick-disconnect
capability for diagnostic equipment to the valve motor

(e) Check Valve Testing
(1) Consider specification of external
ment devices.
(2) Consider specification of built-in, of the ability
to accept, monitoring and diagnostic equipinent.
(f) Safety/Relief Valve Testing

lisk move-

1 ink 1t d imit switch ()« Brovide local access for removal and reinstalla-
an g egna .for?}l: et ?}r: 1im ;Wl ches. des for moni tioncof relief valves to accommodate remotg testing.
pecify that the valve design provides for moni- cq . . . ..
toring|potential rotor degradation, where applicable 2 Prov.lde isolation for .reh.e f valves tp minimize
(such ps in magnesium rotors) system draindown and refill impact duje to valve
(3) Ensure the system design allows for the periodid rempval, while maintaining compliance witH applicable
verificption of MOV design-basis capability during,pre- design Codes. )
servicg and inservice testing. Design the system tg allow ) Manual' Valve Testing - ) )
MOV testing at design conditions (e.g., full:flow and (1) Specify hand-wheel capability with dppropriate
design{temperature and pressure). This inclfides consid- extension shafts for local unobstructed accegs to valves
erations set forth in ASME OM, Division.1, Appendix III during normal operation. Provide access foy the opera-

that mjandate that a program be established to ensure
that MOVs continue to be capable of performing their
designf-basis safety functions.

al valves to
able safety
ronmental

tion, periodic testing, and inspection of many
ensure their capability to perform any appli
functions at design-basis system and env

(4) Provide ready access~at' motor-control centers ~ conditions.
to allow diagnostic testing of MOVs.
(5) Specify MOV _erientation and location during ~ M-3400 Subsection ISTD (Snubbers)
the degign process tolefisure consideration of the poten- minimize

tial impact on access.for IST activities and maintenance.
(c) IDiagnostit Testing of Air-Operated Valves (AOVs)
(1) Specify valve assemblies (valve and operator)
with builtify, or with the ability to accept, monitoring
and gdidgnostic equipment (e.g., smart-valve

(a) Select the location along the pipe tdq
interference with local structures, components, and adja-
cent piping.

(b) Provide local access to snubbers for vigual inspec-
tion and for removal for testing and reinstallation.

technology).

(2) Consider guidance provided for AOVs by
ASME OM, Division 3, Part 19.

(3) Ensure the system design allows for the periodic
verification of AOV design-basis capability during pre-
service and inservice testing. Design the system to allow
AOV testing at design conditions (e.g., full-flow and
design temperature and pressure).

(4) Ensure the system and valve design applies the
lessons learned from MOV-operating experience and
performance testing to facilitate testing of AOVs.

105

{c) Provide rigging support locations for snubber
removal and replacement.

(d) Consider the impact on system availability if a
snubber is temporarily removed for testing.

(e) Minimize the impact of removing a single snubber
on alternate system or component trains or divisions.

(f) Consider specifying snubbers with built-in, or
with the ability to accept, diagnostic equipment (e.g.,
load pin and displacement transducers) where appro-
priate based upon size, ease of removal, location access,
and operational impact of removal.
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M-3500 Other Considerations

The following are considerations for the design orga-
nization to accommodate testing of certain non-Code
components and monitoring systems.

M-3510 Division 2, Part 21 (Performance Testing of
Heat Exchangers), and Division 3, Part 11 (Vibration
Testing of Heat Exchangers)

(a) Evaluate the need for future testing per the
requirements of ASME OM, Division 2, Part 21, and

ASME OM-2012

M-3560 Division 2, Part 3 (Vibration Testing of Piping
Systems), and Division 3, Part 7 (Thermal Expansion
Testing)

(a) Consider specification of installed capability for
monitoring vibration and thermal expansion as recom-
mended by ASME OM, Division 2, Part 3, and Division 3,
Part 7.

(b) Consider inclusion of piping pressure taps for
installation of dynamic pressure transducers during
startup testing.

Division 3) Part 11.

(c) Consider including load cell installatfon on

(b) Design installed instrumentation accordingly with ~ snubbers.
considerafion of associated accuracy. Pay particular (d) Consider accommodations for installation|of test
attention tp temperature measurement on primary and  instrumentation (e.g., accelerometers or displafement
secondary [sides, considering instrumentation location  indicators) at locations throughout the plant, and|associ-

and accurdcy due to the sensitivity of these data in the  ated instrumentation brackets. Gonsider the use gf wire-
performante evaluation. less technology to minimize eable routing.
(c) Provide suitable access for internal visual inspec- (e) Consider installing deditated containment glectri-

tion. Cons
componen
. (d) Prov
“mit disasse

M-3520] Division 2, Part 12 (Loose Part Monitoring).
- Consider guidance provided by ASME OM, Division 2,
. Part 12 for[the design of loose part monitoring systems.

M-3530| Division 2, Part 24 (Reactor Coolant Pumps
and Recircylation Pumps). Consider guidance provided
by ASME |OM, Division 2, Part 24 for the design of

der this information in preparation of the
’s specification.

de suitable access and clearance area to per-
mbly (i.e., bundle removal).

cal penetrations for use by startup instrumen
including provision for separate power and (
penetrations.

(f) Nuclear power plant operating experience
the importance of maintaining vibration of plant jompo-
nents withinJacceptable limits. When considering the
above gtiidance for vibration testing, ensure that the
plant*design facilitates monitoring the dynamic|effects
of steady-state flow-induced vibration and anti¢ipated
epérational transient conditions on critical dystem
components.

tation,
ontrol

reveals

pump-monjitoring systems. M-3570 Division 3, Part 19 (Pneumatically and
M-3540| Division 3, Part 14 (Vibration Monitoring’of ~ Hydraulically Operated Valves). Consider guidarice pro-
Rotating Equipment). Consider specification of vided by ASME OM, Division 3, Part 19 in addjtion to

installed Y
mended by

M-3550
(a) Revi
testing rec
tures in th
(b) Con
componen
the abilit
equipment
(1) Cdnsideradding provisions for monitoring and
diagnostic§ of the mechanical equipment (e.g., taps for

ribration-monitoring capabilityhas' recom-
' ASME OM, Division 3, Part"14:

Division 2, Part 16 (Diesel Drive Assemblies)
bw ASME OM, Divisien'2; Part 16 for diesel
mmendations and consider appropriate fea-
e design specification.
bider specificdtion of diesel and generator
s and subcomponents with built-in, or with
y to aceept, diagnostic and monitoring

subparas. M-3360(b)(1) and M-3360(c)(1).

M-3600 Division 3, Part 28 (System Testing
Capability)

ASME OM, Division 3, Part 28 provides a robug
map for system testing. A detailed review of th
reveals the following considerations for the plant
organization:

(a) Capture and thoroughly document the
basis for plant systems to ensure that system pg
ance requirements are understood by the plant pwner.

(b) Provide the capability for online mulfipoint
pump-performance testing, for systems with viariable

t road-
at Part
design

Hesign
rform-

pressure gages, or recorders or transmitters).

(2) Consider adding provisions for monitoring and
diagnostics of the electrical equipment (e.g., voltages,
high-speed recorders for signal capture).

(c) Consider provisions of permanently installed
instrumentation that will meet or exceed measurement
accuracy requirements to support data collection
described in Part 16.

(d) For subcomponents within the scope of ISTC and
ISTE, refer to paras. M-3200 and M-3300 respectively for
additional guidance.

106

flow requirements.

(c) Provide pressure measurement capability at loca-
tions in the tested system to the extent of data location
necessary to support discharge-path flow resistance.

(d) Establish the data measurement requirements,
considering instrumentation location and accuracy due
to the sensitivity of these data in the evaluation of per-
formance test results. Provide suitable instrumentation
hardware commensurate with the testing frequency (i.e.,
installed hardware to support frequent testing, tempo-
rary hardware for infrequent testing).
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(e) Provide system alignment capability that maxi-
mizes simultaneous or integrated testing.

(f) Provide system alignment capability that will
allow single-train testing without impact on other trains.

(¢) Provide flow measurement for minimum recircu-
lation flow path.
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PART 3 (STANDARDS)

ASME OM-2012

Part 3
Vibration Testing of Piping Systems

1 SCOPE

Owner: the organization legally responsible for con-

This Paift establishes vibration testing requirements
for certain [piping systems in light-water reactor (LWR)
power plamts. This Part is applicable to preservice and
initial starfup testing, and plant post modification test-
ing (e.g., power uprate and steam generator replace-
ment). Thi$ Part may be used to assess vibration levels
of applicabjle piping system during plant operation. This
Part establishes test methods, test intervals, parameters
to be measjured and evaluated, acceptance criteria, cor-
rective act{ons, and records requirements.

2 DEFINITIONS

These d
understang

ASME B31
ASME BPV

pfinitions are provided to ensure a uniform
ling of selected terms used in this Part.

ASME Code for Pressure Piping.
Code: ASME Boiler and Pressure Vessel Code.

uding,
ho has
license
iction.

straeting-and/or-operating-anuclearfacHity-ine
but not limited to, one who has applied for ot w
been granted a construction permit or opefatihg
by the regulatory authority having lawfuljurisd

peripheral equipment: device(s) msed in the
checkout, or on-site calibration of other VMS dd

setup,
vices.

physical units: the engineering:units that quantitatively
represent the measured variable (e.g., if the measured
variable is displacemént) the physical units gan be
inches, mils, feet, or meters).

preoperational testing:” test activities performed grior to

initial fuel loadinhg.

processing équipment: device(s) used for further ha
reformatting, or manipulation of the transducer
to reduce it to manageable or intelligible inform

hdling,
output
ation.

prototype: system built on the basis of an original|design

Design Spg¢cification: the document provided by the -for which there are no previous system test fesults
Owner, as|required by NCA-3250 or NA-3250 of the () available.
ASME BP\_/ Code, Sect1on'III, for the Component/ quality assurance: all those planned and systgmatic
system, which contains requirements to provide a com- . . .

. . actions necessary to provide adequate confidenice that
plete basi$ for the construction of the component/ orvice

system.

design verif
or substan|
provide as
design inp

cation: the process of reviewing, ‘confirming,
iating a design by one or mere methods to
surance that the design(meets the specified
Lit.

duplicate: ajsystem built on thébasis of a previously used
and proven design for which test results are available.

an item or facility will perform satisfactorily in s

record drawing set: the set of drawings that defipes the
system’s layout and support configuration at the time
the system is placed in service for testing.

recording and display equipment: recording equij
devices are used for storing signals in a form g
of subsequent reproduction. Display equipment

pment
apable

levices

liof shi th f adiusti d are used to obtain a visual representation of al signal
rg st:aizzziljg é;cssgiof}?esic?t Ci rgcllllstfgrllg support an (conditioned and/or processed transducer outpfit).

initial start up testing: test activity performed during or shel.l—wall vibration: rac.lial Vibration.of apipe wall. which
following {nitialfuel loading, but prior to commercial typlcally oceurs at hlgh frequencies, characteriyed by
Qyperation. Ihése activities include fuel loading_precriti- axial and circumferential lobate mode shapes andl natu-

cal tests, initial criticality tests, low power tests, and
power ascension tests.

maintenance/repair/replacement: actions taken to prevent
or correct deficiencies in the system operation.

normal operating conditions: the service conditions the
system would experience when performing its intended
function.

operational testing: test activities performed subsequent

to initial start-up testing (e.g., testing performed during
commercial operation of the plant).
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ral frequencies.

signal conditioner: device(s) used to modify or reformat
the transducer output to make it intelligible to or com-
patible with processing equipment.

steady-state vibrations: repetitive vibrations that occur for
relatively long periods of time during normal plant
operation.

system: an assembly of piping subassemblies and compo-
nents whose limits and functions are defined in its
Design Specification.
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Fig. 1 Typical Components of a Vibration Monitoring System (VMS)

Transducer Signal Processing
conditioner equipment
Display or
Peripheral rc(ajcm:dlng
. evices
equipment

system|interconnections: all cables, wires, or mechanical =~ minimum general requiréments for the classffication by
linkages used between the devices comprising the VMS. groups are provided dn para. 3.1; however, the Owner
systen{ specification: that document that uniquely may place a system into a more stringent vibration moni-
descrilpes the VMS. The system specification shall con- toring group (YME).

tain the information specified in para. 7.2.

test co
when

test hol

ditions: the conditions experienced by the system
indergoing tests.

1 points: events in the test program usually associ-

Vibration eoriditions are classified into steady-state
and transiént“vibration categories. A systgm may be
classified\into one vibration monitoring|group for
steady=<state vibrations and into another grofip for tran-
sient/vibrations. The testing requirements, |acceptance

ated with system operating conditions for which test  cfiteria, and recommendations for corrective action
information is to be collected (e.g., with the reactor at -lassociated with these categories are provided|below. The
X% pawer and with the system at full flow). vibration testing and assessment of vibration levels may

test sperification: the document(s) prepared by the Owner
or his [assignee that meet(s) the requirements set-forth
in sectjon 3 of this Part.

transdlicer: a device that converts shock or‘vibratory
motion into an optical, mechanical, or,typically, an elec-

be conducted during preoperational and inifial start-up
testing or during plant operation in accordarjce with the
requirements of the test specification.

For preoperational, initial start-up, and pperational
testing, a test specification shall be prepargqd that will
include, as a minimum, the following items:

trical dignal that is proportional to(a‘parameter of the (a) test objectives

experignced motion. (b) systems to be tested (including boundaries)
transiefit vibrations: vibrationsMhat occur during rela- (c) pretest requirements or conditions

tively ghort periods of tinre,and result in less than 10° (d) governing documents and drawings

stress ¢ycles. Examples oftransient sources of vibration (e) precautions

are pump actuation @nd' pump switching, rapid valve
opening or closing} and safety relief valve operation.

ign monitaring system (VMS): the system composed
i strumentation or test equipment used to measure

input
and acceleration) at the measurement location. The sys-
tem output is a signal analogous to the measured vari-
able and readily convertible to appropriate physical
units. A typical VMS is shown in Fig. 1.

3 GENERAL REQUIREMENTS

The Owner shall determine the portions of piping
systems to be tested and shall classify these systems
into the vibration monitoring groups defined below. The

115

(f) quality control and assurance (including required
documentation and sign-offs)

(g) acceptance criteria

(h) test conditions and hold points

(i) measurements to be made and accep
including visual observations

(j) instrumentation to be used (including instrument
specifications)

(k) data handling and storage

(1) system restoration

The test specifications shall be written in a manner
to ensure that the objectives of the tests are satisfied and
that results obtained are accurate or conservative. Prior
to testing, an inspection of components and supports
shall be made to verify correct installation according to
the record drawing set, specifications, and appropriate
codes.

able limits
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When test results are to be correlated to specific analy-
sis, test conditions and measurements should be suffi-
ciently specified to ensure that the parameters and
assumptions used in the analysis are not violated. The
correlation between test and analysis should confirm
the validity of the analysis and should indicate that
the analytical results are conservative. If the test results
indicate that the analysis is not adequate or when the
measured data from the test indicates that the actual
forcing function is not conservatively covered by the

ASME OM-2012

Determination of mode shapes, modal response mag-
nitudes, and total system response is possible using
these evaluation techniques. When accurate measure-
ment of the system response characteristics is required,
the techniques and devices implied by the requirements
for this vibration monitoring group shall be employed.

All portions of piping systems that experience steady-
state vibrations and meet one of the following require-
ments shall be classified in VMG 1 and shall meet the
acceptance criteria of para. 3.2.1:

forcing fuhctions used in the analysis, the analysis
should be feconciled.

The vibgjation monitoring requirements and accept-
ance criterfa are defined in para. 3.2. If the test data
exceeds the value specified in the hold point section of
the test specification, two options are available: further
testing or ¢valuation to a more rigorous method or cor-
rective action taken, as described in section 8.

Cognizaht engineering personnel shall participate in
the develgpment of test specification requirements,
selection df instrumentation, establishment of accept-
ance criterja, review, evaluation, and approval of test

(a) piping systems that exhibit a response not ¢harac-
terized by simple piping modes (e.g., piping sh¢ll-wall
vibrations, as defined in section 2)

(b) piping systems for which the methods of VMG 2
and VMG 3 are not applicable basedon limitationf given
in sections 4 and 5

3.1.1.2 Vibration Monitoring Group 2. Thd meth-
ods and devices employe@iit the evaluation of VMG 2
provide a means of measuring and assessing the|[piping
vibration at a given location.

All portions of piping systems that meet one| of the

results. following requiréments shall be classified in VMG 2 and
Selectior] of the locations of measuring devices and ~ shall meet t'h? acceptance criteria speciﬁe.d in parp. 3.2.2:

the type off measurements to be made shall be based on .(‘1) ?u piping systems that may e’fhlblt S181 1.f1c..ant

piping strdss analysis, response of a similar system, or ~ Vibration response based on past experience ‘_’Vlth similar

experience|gained through testing of the subject system systems or similar system operating conditions

and shall reflect any unique operational characteristics (b) piping systems for which the method of YMG 3

of the systpm being tested. Evaluation of the test data _~is not applicable

ZI;eelg consifler characteristics of the measuring devices 3.1.1.3 Vibration Monitoring Group 3. Thd visual

3.1 Classification

method employed in the evaluation of VMG 3 {s most
fundamental and provides the most simplified |means
for determining whether any significant vibrations exist

. Piping system vibrations are classified inte two cate- . . S . )
- . SN . in the system. Evaluation of vibration levels usihg this
gories, steddy-state and transient, as definedin section 2. . . .
_ . o~ method is based on experience and judgment and pro-
Within each applicable category, the piping system shall . . . .
: o o NS o vides an acceptable basis for assessment. If firm guanti-
be classifigd into one of the three vibration monitoring . . .
; . L. . tative assessments are required, the methods in VMG 1
groups accprding to the criteria presented in paras. 3.1.1
or VMG 2 should be employed.
and 3.1.2. . .
. . . . All portions of piping systems that meet one| of the
Piping systems that are ihaccessible for visual obser- . . P L
: . . following requirements shall be classified in VMG 3 and
vation or fneasurement-iising portable devices, as a o A
shall meet the acceptance criteria specified in parg. 3.2.3:

result of ad
tions listed

verse environmental effects during the condi-
in the ¢est specification, shall be classified
into either|VMG:I\or VMG 2.
In additionto the requirements presented in
paras. 3.1.1land 312 the safetv or the power gpnprai‘inn

(a) systems falling in VMG 1 or VMG 2 classification
for which measurements or prior test data are available
on prototype or duplicate systems and for whjch the
minimum unacceptable vibrations are observable

function, or both, of the system should also be consid-
ered when classifying the system into the vibration mon-
itoring groups.

3.1.1 Steady-State Vibration

3.1.1.1 Vibration Monitoring Group 1. The moni-
toring program required for systems evaluated in this
group typically involves sophisticated monitoring
devices and extensive data collection to accurately
determine vibratory pipe stresses or other specified com-
ponent limitations.

116

(b) portions of ASME Classes 1, 2, 3, and ASME B31
piping systems that are not expected to exhibit signifi-
cant vibrational response based on past experience with
similar systems or system operating conditions

3.1.2 Transient Vibration. Table 1 presents some
examples of transient conditions to which systems may
be subjected.

3.1.2.1 Vibration Monitoring Group 1. Portions of
piping systems that experience transient vibrations and
meet the following requirements shall be classified in
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Table 1 System Tolerances

(STANDARDS)

VMG
para.3
are kn

Allowable Units
System Design Parameters Tolerance Range Customary S|
System flow [Note (1)] +10% gpm m>/s
Head [Note (2)] +10% psi kPa
Thermal capacity Q -10% Btu/h Cal/h
[Note (3)]
Overall heat transfer coefficient -10% Btu/h-ft>-°F Cal/h-cm?-°C
[Note (4)]
NOTES:

exchangers in any system flow mode.

mode.

future.

| and shall meet acceptance criteria specified in
2.1. Systems from past plant operation experience
bwn to experience significant dynamic transient

. condifions due to the inherent nature of component

 design|
" which

system operation, or system design features, for
a transient analysis is not performed.

(1) The upper limit of flow is that which will not produce unacceptable vibration in the heat
(2) The upper limit of head is determined by limiting pressure drop across heat exchanger in any. flow
(3) Q = UAAT where U = overall heat transfer coefficient; A = surface area of heat exchanger, ft?

(cm?); and AT = log mean temperature difference, °F (°C).
(4) The lower U limit is indicative that surface fouling may cause unacceptable thermal“capacity in the

be invoked ifthese assumptions are deemed
ate for the'system under review.

(a) Vibrations cause maximum stresses
elastic range; therefore, no penalty for plasti
incurred.

(b) Thermal transient effects, if they exist
vibration incident, have already been consid

nappropri-

within the
c cycling is

during the
ered in the

- 3.1.2.2 Vibration Monitoring Group 2. Portions of o luati

- piping|systems that experience transient vibrations and piping system evaluation.

' meet the following requirements shall be classified-in .(C) The membra'ne §tre§sgs Cau§ed by prespure fluctu-
VMG P and shall meet acceptance criteria specified in ~ ations alone are insignificant in comparjson to the
para. B.2.2. Systems are designed and amalyzed for stresses caused by the vibratory r'nom.ents.. )
knowrj anticipated dynamic loading conditions and for (d) The usage factor from the vibration infident does
the applied loading (i.e., fluid or mechahical), which is ~ 1Ot significantly affect the cumulative usage factor calcu-
based pn methodology that is known o conservatively ~ 1ated for other predefined transient conditigns.
predicf the transient forcing function/and corresponding (e) Strain-controlled fatigue curves of the[BPV Code,
structyral response. Section III represent the S-N fatigue characteristics for

. ne ) the material and loading considered.

3.11.2.3 Vibration Moritoring Group 3. All portions
of piplng systems thatwexperience transient vibrations 3.2.1 Vibration Monitoring Group 1
and mepet the following requirements shall be classified I
in VMG 3 and shall meéet the acceptance criteria specified 3-2.1.1  The Vlbrat19n response of Group 1 ys”
. . o tems shall be evaluated using the methods gnd devices
in parg. 3.2.3. Systems that undergo transient vibrations ) . . .

. : . . . listed in section 6 of this Part.

during their.opérating life (e.g., systems subjected to
pump ptart<up transients, valve opening, or closure) and 3.2.1.2  For steady-state vibration, thg maximum
that by past experience with similar systems or system __ca]culated alternating stress intensity, S, should be lim-

operating conditions are not expected to exhibit signifi-
cant vibrational response.

32 M

onitoring Requirements and Acceptance

Criteria

Special attention should be given to the precautions
listed in para. 4.3.

The

acceptance criteria presented in this paragraph

ited as defined below.
(a) For ASME Class 1 piping systems

K,y Sel
Sa = —— M<—
where
C, = secondary stress index as defined in ASME

are based on the following list of assumptions. The
Owner may invoke less stringent criteria provided suffi-
cient justification is given. More stringent criteria shall

BPV Code, Section III
K, = local stress index as defined in ASME BPV
Code, Section III
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M = maximum zero to peak dynamic moment load- Using N,, the maximum alternating stress intensity
ing due to vibration only, or in combination St shall be limited to S, where
with other loads, as required by the system S, = allowable alternating peak stress value from
Design Specification ASME BPV Code, Section 111, Fig. 1-9.1, 1-9.2.1,
Sq = 0.8 S5, where S4 is the alternating stress at 10° or 1-9.2.2.
cycles in psi (MPa) from ASME BPV Code, ) o )
Section TII, Fig. 1-9.1; or S at 10" cycles from For transient vibrations that were not previously ana-
ASME BPV Code, Section III, Fig. 1-9.2.2. The lyzed and for which it is not appropriate to evaluate the
user shall consider the influence of tempera- %oad separately, a new f:—:ltigue analysis may be required
ture on the Modulus of Elasticity. in accordance with Section III of the ASME BPV Code.
7 = stction modulus of the pipe (b) For ASME Classes 2 and 3 and ASME B3l piping,
@ = allowable stress reduction factor: 1.3 for materi-  the stresses shall be evaluated in accordance Wjith the
als covered by ASME BPV Code, Section 1II, requirements of subpara. 3.2.1.2(b). Alternativgly, the
Flg. 1-9.1; or 1.0 for materials covered by appropriate ASME cogle shall be used\to’evalupte the
ASME BPV Code, Section III, Fig. 1-9.2.1 or  Stresses for transient vibration.
19.2.2 3.2.2 Vibration Monitoring Group 2
(b) For ASME Classes 2 and 3 piping and ASME B31 3.2.2.1  The vibration-tesponse of Group| 2 sys-
tems should be measured~tising one or more|of the
S = CoKs M < Sel vibration monitoring devices specified in section 5.
“ “ 3.2.2.2 Forsteady-state vibration, the piping
where vibratory respofises of VMG 2 piping shall be evgluated
C.K, = |2i in accordancé\with the allowable deflection or velocity
i = |stress intensification factor, as defined in limits given'in section 5. These limits are based o meet-
ASME BPV Code, Section III, Subsections ing the stress requirements of para. 3.2.1. If adequate
NC and ND or ASME B31 quantitative data cannot be obtained or unacc¢ptable
vibtation response is indicated by the metho¢ls and
If signififant vibration levels are detected during the dev1'ces listed in section 5, the methods and deyices of
test program that have not been previously considered section 6 may be used.
in the piping system analysis, consideration should.be 3.2.2.3 For transient vibration, the criteria of
given to mpodifying the Design Specification to revérify  para. 3.2.2.2 for steady-state vibration may be ysed as
applicable fcode conformance. a screening tool but may be overly conservative. [f these
3.2.1.3 For transient vibrations, thé‘maximum liI.nits. are exceeded, the criteria of para. 5.2.3|or the
alternating|stress intensity should be limitedto the value criteria of para. 3.2.1.3 shall be employed.
defined beJow. Before determining the allowable maxi- 3.2.3 Vibration Monitoring Group 3
mum alterhating stress intensity, afi estimate should be . .
made of the equﬁlalent number, Zf maximum anticipated 3.2.3.1  The V1brat10n response of Group) 3 SYys
vibratory lpad cycles (). tems shall be. determined by the methods and dlevices
(a) For ASME Class 1 piping systems, the maximum listed in section 4.
alternating| stress intensity shall be limited to the value 3.2.3.2 If an acceptable level of steady-gtate or
that will ngt invalidatesthe design basis. If the transient transient vibration is noted, no further measurement or
event was ot previously considered in the design basis,  evaluation is required. The observer shall be resppnsible
the event ghall-be‘evaluated. The unused usage factor  for assessing whether the observed vibration level is
shall be ddtermified from acceptable. The basis for determining whether th¢ vibra-
tiorrtevetisacceptabte sttt beconststent wittrthe limits

Uu=1-U

where
U = cumulative usage factor from ASME Class 1
analysis, which excluded vibratory load

The maximum allowable equivalent vibratory load
cycles shall be calculated from

118

specified in para. 3.2.1.

3.2.3.3  If the level of vibration is too small to be
perceived and the possibility of damage is judged to be
minimal, the system is acceptable.

The judgment as to acceptability can be made only
by the evaluation of all the following facts as to their
effects on the piping stress:

(a) vibration magnitude and location

(b) proximity to “sensitive equipment”

(c) branch connection behavior
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(d) capability of nearby component supports
Any unique operational characteristics of the system
shall be considered in the evaluation.

3.2.3.4 If an acceptable assessment of the
observed deflections cannot be made, the acceptability
of vibration must be based on measured data.

3.2.3.5 If unacceptable vibration levels are indi-
cated by the methods and devices listed in section 4,
the methods and devices of section 5 may be used.

PART 3 (STANDARDS)

different points. The acceptability of the observed
response shall be based on para. 3.2.3.

4.3 Precautions

Below are a few precautions and specific items that
should be reviewed.

4.3.1 Vents and Drains. Local vents and drains typi-
cally have one or two isolation valves that act as concen-
trated masses. If they have not been braced, careful

3.2.4 Qualitative Evaluations. Piping system
resporfse must be acceptable based on qualitative evalu-
ations] in addition to meeting the quantitative accept-
ance cffiteria defined in para. 3.2. Qualitative evaluations
are based on observed response of the piping that
addresgs potentially detrimental conditions not explicitly
quantified by the acceptance criteria of para. 3.2. Judg-
ments |on the acceptability of the observed responses
shall Be based on comparisons to known acceptable
responyses. Nonmandatory Appendices G and H provide
additjonal guidance on the use of qualitative

4 VISUAL INSPECTION METHOD

4.1 Objective

The pcceptability of piping systems in VMG 3 to with-
stand the effects of steady-state and transient vibrations
can b evaluated by observation. Different technigues
and simple devices that can be employed in the evalua-
tion ag well as some of the possible problems'that could
be endountered during the preoperationalphase and
startugp of systems are described below:

4.2 Evaluation Techniques

Lk b 1o 111 H 4 1o 4 H o
aUCITITOIT SITUUTT DT S IVETT TO vID T at o Tt S area.

4.3.2 Branch Piping. Minor mainlinewih
cause branch piping vibration of significantmagnitude
remote from the branch connectioft: These lifies shall be
reviewed together with the system being qualified.

ration may

4.3.3 Multiple Pump Operation. In cases where there
are several pumps that.‘operate in paralle|, the most
significant vibration will.eccur when some combinations
of the pumps are dperating. These combingtions shall
be reviewed together with the system being qualified.

4.3.4 Sensitive Equipment. Vibrations that can
affect the functionality, operability, and strugtural capa-
bility of\sénsitive equipment, such as punjps, valves,
and heat exchangers, should be closely revipwed.

4.3.5 Welded Attachment.
shall be given to the areas near the welded
in the piping system subjected to vibration. If|
attachment configuration is such that it could|
moments in the pipe due to vibration, the eff
stress should be considered.

Special consideration
httachment
the welded
cause local
bets of local

5 SIMPLIFIED METHOD FOR QUALIFYING
SYSTEMS

5.1 Steady-State Vibration

PIPING

The [location or locations of miaximum deflection can i .
be ascprtained by observation. The magnitude of the There are s.1mpl?f1ed m.etl'iods for the evalu'atlon of
displajement may be estimated by the use of simple steady-state vibration of piping systems thaf will deter-

measufement devices.(e:g., rules, optical wedge, and
springlhanger scale)~When simple measurement devices
are usqd, the precautions of Nonmandatory Appendix A

mine if the vibration exceeds an acceptable Jevel. These
methods apply to systems that are undergojng steady-
state vibration and are accessible for a numbger of vibra-
tion measurements at various points in the |piping sys-

shall He observed: As an aid in developing judgment . h tabl dantabl
of the [acceptability of observed displacements, simple tem. Piping systems that are not suitable of adaptable
beam to these methods may be evaluated by procedures

nalogies may be used.

defined in section 6.

4.2.1Steady-State Vibration. During the preopera-
tional and start-up testing phases of a plant, the piping

systems shall be observed during their various modes
of operation, as defined in the test specification. The
acceptability of the observed vibration shall be deter-
mined in accordance with para. 3.2.3.

4.2.2 Transient Vibration. During the preopera-
tional and start-up testing phases of a plant, the piping
systems in VMG 3 shall be observed during the transient
events as defined in the test specification. The test may
be repeated, if necessary, to make the observations at
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5.1.1 Displacement Method

5.1.1.1 General Requirements. The simplified
method requires that vibratory displacement should be
determined at representative points on the piping sys-
tem. The piping system shall be subdivided into suffi-
cient subsystems or vibratory characteristic spans
containing appropriate or conservative boundary condi-
tions as described in detail in subpara. 5.1.1.6(a).

5.1.1.2 Instrumentation. A hand-held or tempo-
rarily mounted transducer that is suitable for making
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multiple measurements of displacement should be used. Fig. 2 Deflection Measurement at the Intersection
For example, an accelerometer may be used with veloc- of Pipe and Elbow
ity and displacement of the acceleration signal obtained
by sipgle and double integration, respectively. The pre- pipe and elbow Out of plane
cautions on measurement techniques should be \ deflection
. . e
observed (section 7). It is recommended that response :
frequencies and their relative amplitudes be determined ¢ & ° %
as an aid in verifying the appropriateness of the charac- O J(
teristic span model selected and to assist in determining

the source of vibration. In plane
deftection

Tangent line

Pipe center line

5.1.1]3 Deflection Measurement of Process
Piping. Measurements are taken along the piping to
measure ppak deflection points and to establish node
points of mfinimum deflection. The node points establish X
the charactgristic span lengths. Node points (zero deflec-
tion pointd) are generally found at restraint points, but z
could be lpcated between constraints on long runs of
piping. The deflection limit can be determined from the
informatioh presented in Figs. 2 through 9.

5.1.1.4 Deflection Measurement of Branch Piping. Fig. 3 SinglecSpan Deflection Measurement
Branch pigjing is attached to process piping and has a

smaller digmeter than the process piping. Three of the Char:g;?]ristic K'=0.003
potential groblems that can exist are described below. L |

(a) Branth pipir.lg can be excited at or near its .resonant P l | P
frequency py motion of the process piping, fluid pulsa- ¢— == = = 3

tion, or otler sources. This problem is characterized by &1\)7 T T_ -7 ,é?/
high ampljtude vibrations with a clearly defined fre-

quency anfl mode shape. The amplitude measured on
the branch pipe is generally much larger than the process
piping. Dye to the phasing, the relative motion ofthe
branch pipg to the process pipe is closely approximated
by adding the displacement measurement of the process

Fig. 4 Cantilever Span
Deflection Measurement

S
pipe to th¢ motion of the branch pipe. The deflection L
limits defifed in para. 5.1.1.5 are applicable. P -7 } K =0.027
(b) The gttachment point of the branch pipe with the ¢ S b T -
process ling displaces relative to a brahch line support. Y
The deflectfion limits defined in-para. 5.1.1.5 are applica- Characteristic

ble when [the deflections measured reflect relative span
motion befween points om the branch piping and can
be associatied with a deflected shape.

(c) The process piping drives the branch piping at a
high accelgration letel as a rigid body. This problem is
generally assoeiated with a cantilevered mass. The peak
acceleratioh at-the center of gravity of the branch piping 3 in plane deflection
must be meastredtoestabtishrthe mertiat forceactimgat I

Fig. 5 Cantilever Span/Elbow Span in Plaphe
Deflection Measurement

the center of gravity of the branch piping. The cantilever ,l— ~ K = 0.030

mass and center of gravity of the branch piping must ¢Ji — |\
be conservatively estimated and a resultant stress calcu- o
lated. The resultant stress should be compared with the L
criteria listed in subparas. 3.2.1.2(a) and 3.2.1.2(b). Characteristic

Nonmandatory Appendix I provides guidance on span
completing this evaluation.

5.1.1.5 Deflection Limits. The vibrational deflec- ¢
tion limit of a piping system depends on a large number
of material and geometric considerations with many
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Fig. 6 Cantilever Span/Elbow Guided Span in Plane

Deflection Measurement

PART 3
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Fig. 9 Span/Elbow Span Out-of-Plane Configuration
Coefficient Versus Ratio of Spans

din plan[e deflection 0.03
R K =10.012
¢ Prevsy - )
Hi —_— — _— 4‘{)7
0.02
== I L~
¥
L ] .
Gharaeteristh Guide 0.01
span //
¢ 0
0 0.2 0.4 0.6 (0] ] 1.0
b
Ly

Fig.

7 Span/Elbow Span Out-of-Plane Deflection

Measurement, Span Ratio < 0.5

GENERAL NOTE:

Fig.

Ly
Characteristic
span L

L, Lessthan0.5

Ly

See Fig. 9 for K.

8 Span/Elbow,Span Out-of-Plane Deflection

Measurement, Span Ratio > 0.5

combinations @f the variables. One method

of dealing

with this comiplexity is to subdivide the piping systems

into charactéristic spans that can be physica
and modeled. A deflection measurement c
conservatively checked against an allowabls
lingit-calculated for that characteristic spar

lly defined
hn then be
deflection
. A break-

down of the characteristic spans for whicl allowable

deflection limits have been computed i
para. 5.1.1.6.

Deflection limits are given in terms of a ch
span length, outside pipe diameter, and a co
coefficient. The characteristic span length and
uration coefficient are established by subd
piping system into a series of characterist
described in para. 5.1.1.6.

The configuration coefficient, R, and th
vibration deflection, &,, values are based on a
stress of 10,000 psi with stress indices equ
The allowable deflection limit, 8,j0w, is sho¥
5.1.1.5.1.

Where the user demonstrates analytically
rience that the VMG 2 methods are inherentl
tive by at least a factor of 1.3, @ may be tg
The allowable deflection limit is then comp
measured value for piping vibration qualifi

s given in

aracteristic
hfiguration
the config-
jviding the
c spans as

e nominal
h allowable
hl to unity.
vn in para.

pr by expe-
y conserva-
ken as 1.0.
ared to the
ration.

L —

GENERAL NOTE:

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

Characteristic
span L

L, Between 0.5and 1.0
Ly

See Fig. 9 for K.
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5:1-1-5-1 Determination—of -Attowabte
Limit. Nominal vibration deflection value
8, = K(L?/D,)/144
Allowable vibration deflection limit
Gallow = (Se1 X 8,)/(CKy X 0 X @)

where

Deflection

D, = the outside diameter of the piping, the units
of D, and L are the same (e.g., both in feet

or both in meters)

Not for Resale


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

PART 3 (STANDARDS)

~
Il

the configuration coefficient determined
based on a nominal stress (8,) of 10,000 psi
(68.95 MPa)
L = the characteristic span of the vibrating pip-
ing segment
S.aiow = the allowable zero to peak vibration deflec-
tion limit based on the endurance limit
(Sei/ @) of the piping material and the appli-
cable peak stress indices (C,K5)
8, = a nominal zero to peak vibration deflection

ASME OM-2012

5.1.2 Velocity Method

5.1.2.1 General Requirements. The method
requires consecutive measurements of velocity at vari-
ous points on the piping system to locate the point that
is exhibiting the maximum vibratory velocity. Once this
point is located, a final measurement of the maximum
velocity, Vimay, at that point is made and compared with
an allowable peak velocity, Vajow, as given in
para. 5.1.2.4. The criterion for acceptability is

value based on a nominal stress (o) of
10,000 psi (68.95 MPa) and with no consider-
ation of peak stress indices

Paragragh 3.2.1.2 defines S}, a, C;, and K.

5.1.1.6 Characteristic Span Models. It is recom-
mended that the measured deflection data be examined
to assist irf determining the appropriate characteristic
span used [to obtain the allowable deflection limit.
Charactqristic spans are broadly classified into two
categories by the piping restraints. A single-end restraint
with one ehd free forms the first category, and restraint
of both enfls of a characteristic span forms the second
category. The categories are then subdivided into combi-
nations of 4 single span and two spans joined by a 90-deg
elbow. Deflections are measured in the plane of the
elbow and| out of the plane of the elbow as shown in
Fig. 2. Th¢ rotational constraint at restraint points is
assumed t¢ be fixed for a conservative computation of
the allowaple deflection limit. An outline of the basic
characterisfic spans is given below. For any configura-
tion not covered below, a conservative K factor(may be
established by the user, provided equivalent conserva-
tism is majntained.
(a) Single-end restraint, cantilever
(1) cantilever single span (Fig. 4)
(2) caftilever span, elbow, span
(a) dleflection in plane of elbow, end span free
(Fig. 5)
(b) dleflection in planeof elbow, guided end span
(Fig. 6)
(b) Restfaint at both ends
(1) sirjgle span
(a) ginglespan (Fig. 3)
(b) single span with elbow restraint [special case

Vmax < Vallow

5.1.2.2 Instrumentation. The instrirmeryt used
should be portable and capable of making a nurhber of
consecutive velocity measurements at various pdints on
the piping. The instrument should be capable of indicat-
ing a trace of the actual velocity:time signal from which
the maximum velocity canberead. This may be aghieved
by readout devices suchtas'a cathode-ray tube or g paper
chart recorder. Alternatively, the instrument could have
a holding circuit that would result in a meter feading
of the maximuufy w€locity.

5.1.2.3 ‘Procedure. Initial measurements ate to be
taken at points on the piping that appear to be urjdergo-
ing thedargest displacements. These will normally corre-
spond to points of the highest velocity. At each such
point, measurements can be taken around the cirqumfer-
ence of the pipe to find the magnitude of the maximum
velocity. Measurements may be confined to dirpctions
perpendicular to the axis of the pipe at that poiht.

The maximum velocity should be obtained only from
the actual velocity-time signal. The readout of th¢ signal
should be of sufficient duration to ensure a high|[proba-
bility that the maximum velocity has in faqt been
obtained for that point in that direction.

5.1.2.4 Allowable Peak Velocity.
for allowable velocity is

The exppession

s GG RS
allow = C3C5 aCZKZ

where
Valow = allowable velocity, in./sec (mm/s)
B = 3.64 x 1072 to obtain V., in in./se¢ when

of subpara. 5.1.1.6(b)(1)(a) or limit case of subpara.
5.1.1.6(b)(2)(a)]
(2) span, elbow, span

(a) maximum deflection measured out of plane
of elbow between restraint point and elbow of long span;
ratio of short span to long span is less than 0.5 (Fig. 7
with configuration coefficient K from Fig. 9)

(b) maximum deflection measured out of plane
of elbow at intersection of long span and elbow; ratio
of short span to long span is between 0.5 and 1.0 (Fig. 8
with configuration coefficient K from Fig. 9)

S is in units of psi
= 1.34 to obtain V. in mm/s when S is in
units of MPa

Se, Co, Ky, and a are defined in para. 3.2.1.2. The
secondary stress index C, and the local stress index K,
are associated with the point of maximum stress and
not necessarily with the point of maximum velocity.

This velocity criterion is consistent with the deflection
criterion for a fixed end beam at resonance in the first
mode.
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Fig. 10 Correction Factor C;
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Wins = the weight of the insulation per unit length,
Ib/ft (or kg/m)
1.0 for pipe without insulation and either

empty or containing steam

Nonmandatory Appendix D presents examples of cor-
rection factors C; and C, for typical piping spans along
with a combination of these factors to provide an initial
screening method.

Correction factor C,
o

Cl E S

C3 ES

where

Ratio of concentrated weight to
characteristic span weight

a correction factor to compensate for the effect
of concentrated weights along the characteris:
tic span of the pipe (see Fig. 10)

a correction factor accounting for pipe contents
and insulation

(1.0 +— +

WEe WINS)l/Z

144 144

correction factor forend conditions different
from fixed ends @nd for configurations dif-
ferent from straight spans

1.0 for a straight span fixed at both ends, but
conservative for any practical end conditions
for straight spans of pipe

1.38A0r cantilever and simply supported
pipe span

0.74 for equal leg Z-bend

0.83 for equal leg U-bend

5125 Precautions. The basic relationship
between the allowable velocity and stress is| developed
from the assumption that the vibratory njode shape
matches the mode shape at the first natural frequency.
The user is cautioned against indiseriminatg¢ use of the
velocity criteria without considering velodity, ampli-
tude, frequency, and mode<shape of the vibration. The
Cs correction factor modifies the basic relafionship to
account for off-resonant_forced vibrations.

If the piping spam is vibrating at frequer
the first mode natural frequency, then it is ingppropriate
to use the velocity criteria without the Cq correction
factor since’the’stresses calculated will be ngnconserva-
tive, by approximately the ratio of the span patural fre-
quency o the measured forced response frequency, for
freqGency ratios between 1.0 and 2.0.

For example, if the span natural frequencyl was 20 Hz
and was vibrating at 10 Hz, the stresses predlicted from
a velocity measurement would be nonconsgrvative by
a factor of two, without the Cs correction fgctor.

For multispan systems, commonly encguntered in
power plant piping, caution must be exer¢ised when
evaluating stresses caused by resonant excifation from
adjacent spans. A determination must be npade of the
individual span natural frequencies before the decision
to use the velocity criteria method can be justified. If
the ratio of the first natural frequency of thelspan to the
measured frequency is less than or equal fo 2.0, then
the velocity method may be used. Values fqr this ratio
greater than 2.0 have not been addressed by this Part.

cies below

5.2 Transient Vibration

Another method for the evaluation of vibrption of the
piping systems is for those subjected to trarjsient loads
for which the expected response under the pnticipated
transient loads is determined by analysis. Piping sys-

Wr
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correction factor to account for off-resonance
forced vibration, equal to the ratio of the first
natural frequency of the piping span to the
measured frequency for ratios between 1.0
and 2.0. For ratios greater than 2.0, the Cs
factor is herein undefined. For ratios less
than 1.0, the Cs correction factor equals 1.0.
weight of the pipe per unit length, 1b/ft
(kg/m)

weight of the pipe contents per unit length,
Ib/ft (or kg/m)
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Tems that are not suitable or adaptable to these methods
shall be evaluated by the methods of section 6.

5.2.1 General Requirements. This method requires
that a dynamic analysis of the piping system subjected
to the expected transient loads has been performed
yielding the system dynamic responses. Furthermore,
the analytical responses must be shown to be conserva-
tive through comparison of the analytical responses with
those measured during testing. The simplified method
requires that dynamic response of piping, at selected
locations, be measured. A minimum of two separate
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remote locations selected for the data points should be
based on the analysis performed. In addition, fluid pres-
sure may be measured. The necessary parameters to be
measured and their locations shall be included in the
test specification.

The criteria for acceptability of the measured data are
given in para. 5.2.3. If the criteria specified in para. 5.2.3
are not met, additional evaluation of the piping systems
based on the measured data shall be made to justify the
acceptance. This may include reanalysis of the piping

ASME OM-2012

6.1 Modal Response Technique

6.1.1 General Requirements. This method requires
that the modal displacements and natural frequencies
of the system be identified from the test data.

The method also requires that a modal analysis of the
system be performed yielding analytically determined
natural frequencies and mode shapes and modal stress
vectors (or bending moments) corresponding to the
mode shape vectors. The analysis and test natural fre-

system baded on measured data.

5.2.2 Ingstrumentation. Appropriate instruments as
recommengled in section 7 shall be used for obtaining
the piping|system responses.

5.2.3 Measurements and Criteria for Acceptance.
The measufed responses shall be compared to the analyt-
ically obtajned response of the system. If the analysis
indicates lgrger responses than those measured and the
general requirements of section 3 concerning analysis
versus test[conditions have been met, then the vibratory
response of the system is acceptable.

5.3 Inaccessible Piping (for Both Steady-State and
Transient Vibration Evaluation)

quercies and mode strapes of the piping system shall
be correlated, and the analytical stress vectors shall then
be used to determine the actual state of(stress|in the
piping due to the measured modal displacemenits.

6.1.2 Test Requirements. The(piping systemn shall
be instrumented sufficiently to €nable identification of
the natural frequencies and modal displacements. It is
not necessary to ensure that'the measurements arp taken
at the location of maximum vibration. The instrumenta-
tion may be capable of fiicasuring acceleration, displace-
ment, or velocity according to the guidelines of seftion 7.
Locations of instruments shall correspond clofely to
points included in the analytical model of the system.

The systenyshall be exercised through the conditions
defined intest specifications. A sufficientamountjof data

shall berecorded to allow appropriate data procegsing as
For inacdessible piping systems requiring monitoring, deseribed in para. 6.1.3.
the search|procedure for maximum response location . o

is not requjired. The locations of anticipated maximum 6.1.3 Data Processing. Steady-state vibratign data
response ht which measurement devices are to be shall be reduced to obtain the zero-to-peak displatement
applied shall be defined. Adequate precautions shallbe I €ach of the predominant. v_ibrational modes. of the
taken to vdrify that the assumptions used for the'selec- ~ System. Methqu of determining the modal displace-
tion of antifipated maximum response locations are con- ments are available, and' two of these are d.1scu bsed in
sistent with the installed system response, Nonmandatory Appendix B. When using either] of the
two methods described in Nonmandatory Appepdix B,
special attention should be given to separately iflentify

6 RIGORIOUS VERIFICATION METHOD FOR closely spaced modes that may exist in the syst¢m.
STEAD-STATE AND TRANSIENT VIBRATION 6.1.4 Test and Analysis Correlation. The mdasured
Another|method is required*when the portion of the modal frequencies and modal displacemfents of the P ip-
system is qvaluated in VMG 1 or when the methods of ~ "8 system shal.l be correlated to analytically o.l tained
sections 4 and 5 are notapplicable or are overly conserva- m.odall frequencies and ngde shapes for all majpr con-
tive. This methods‘also intended for application to tributing modes. As a punmum, the test and an 1lyt1ce.11
systems where the.dynamic characteristics indicate that mode shapes shall c.orrelate with respect to.the prpdomi-
the syster] médps are primarily a result of rocking of nant modal direction; the relative magnitudes|of the
massive bquipment (such as pumps and heat modal components need not be in exact agreenjent. In
S additiorn, the correspornding Todat frequercies of the

exchangers). The primary objective of this verification
is to obtain an accurate assessment of the vibrational
stresses in the piping system from the measured vibra-
tional behavior.

Two acceptable techniques for implementing this
method are given in paras. 6.1 and 6.2 along with corres-
ponding requirements. Paragraph 6.1 is supplemented
by Nonmandatory Appendices B and C, which describe
several methods of implementing this technique. Other
techniques may be used provided that they are demon-
strated to be conservative.

124

test and analysis shall be in reasonable agreement.

6.1.5 Evaluation of the Measured Responses. The
measured modal displacements of the piping and the
correlated analytical results shall be used to obtain an
accurate assessment of the vibrational stresses (or
moments) in the piping system. A method for obtaining
the vibrational stress in the piping using the measured
piping displacements and the information from the
modal analysis of the system is given in Nonmandatory
Appendix C. The resulting vibrational stresses shall be
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evaluated according to the acceptance criteria of
para. 3.2.1.2.

6.2 Measured Stress Technique

Strain gages can be used to directly determine stresses
in the piping system during steady-state or transient
vibration. This Section outlines the general requirements
in the use of strain gages. Several precautions associated
with the use of strain gages are presented in
Nonmandatory Appendix A. These precautions should

iping system are expected to occur. Strain gages

PART 3 (STANDARDS)

(3) equipment calibration records

(4) equipment specifications

(5) installation specifications

(b) For the VMS, as well as for each device included

in the VMS, the following information and minimum
requirements shall be contained in the equipment speci-
fication, when applicable:

(1) inputs and outputs: units and full-scale range
of each
f full-scale

physical units
(a) VMS minimum requirement: greéatg
of applicable value of acceptance cfiteria fq
sured variable
(3) minimum measurable(value

r than 10%
r the mea-

han 80% of

shall be located remote from points of stress concentra- (a) VMS minimum requjrement: less t
tion, when used for determining nominal bending  applicable value of acceptance criteria for the measured
momeht variable

6.2|2 Evaluation of the Measured Responses. The
imentally obtained strains at the instrumented
in the piping system shall be converted to a three-
nent moment set and evaluated using the accept-
Fiteria of para. 3.2.1.2.

points
compd
ance c

(4) range: full-scale capability with
specification

(a) VMS minimum requirement: 20% greater than

the applicable”value of the acceptance crit¢ria for the

measured.variable

(5 frequency response: minimum and maximum fre-

quetcies within specified accuracy

accuracy

7 INSTRUMENTATION AND VIBRATION (a) VMS minimum requirement: frequency
MEASUREMENT REQUIREMENTS response range shall extend one-half octave|above and
.. . . below the maximum and minimum signjficant fre-
. Rect gnizing the ongoing advancement of data acqui- quency range of the measured variable
sition fechniques, the guidelines presented here for.the ; . . e . .
. . . . . (6) calibration data: specific requirpments in
specifjcation of the instrumentation and reeording

equipthent, necessary to meet the minimunmymonitoring
requigements associated with VMG 1,.VMG 2, and

para. 7.1.2
(7) other specifications: any other specifications
unique to the measurement system or imporjtant for the

VMG B, are not intended to propose anethods or tech- .

. NN accurate measurement of the variable (e.g., ttmperature
niqueg Rather, they set forth the driteria necessary to compensation and mounting requirements)
ensure that the data taken by any method is accurate P & red

and repeatable and within thé equipment capabilities.
Nonmpandatory Appendix A contains guidelines and
precaytions for typical vibration monitoring systems
and can be used as arbasis for the specification of the
systen] to be used during testing.

Figyre 1 showsypical components of a vibration
monitgring system.

7.1 General Requirements

Manufacturer’s specifications are acceptalple for each
device included in the VMS; however, card should be
exercised to ensure that the application, moyinting, and
interfacing conditions do not affect or invjalidate the
manufacturer’s specifications. This is especiplly impor-
tant in transducer mounting and electrical lpadings.

An example of the specification is given in Table 2.

7.1.2 Calibration. All equipment used as
VMS shall have current calibration documents. These

part of the

The ‘systenm—art—tectmiques—used—for—the—vibratiomn
monitoring of all piping systems covered by this Part
shall meet the minimum requirements described below.

7.1.1 System Specification
(a) A vibration monitoring system (VMS) specifica-
tion shall be written and included in or referenced by
the test specification. The VMS specification shall
include the following:
(1) functional description
(2) list of equipment (manufacturer, model number,
serial number)

125

sttt beattached toormmade partof thesystem specifica-
tion. On-site checkout of the VMS shall be performed
and documented to verify that the as-installed VMS is
functioning according to the system specification.

7.1.3 Repeatability. Capability of the VMS to pro-
vide consistent results shall be demonstrated. This can
be achieved by taking several consecutive measure-
ments of a stationary variable during pretest setup and
checkout. The results of these consecutive measurements
should be within minimum accuracy requirements of
the VMS specification.
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Table 2 Examples of Specifications of VMS Minimum Requirements
Measured Variable — Displacement

Minimum
Acceptance Measurable Full-Scale Other: Max. Piping
Criteria, Accuracy, Value, Range, Frequency of Temperature,
mils (mm) mils (mm) mils mils (mm) Response, Hz °F (°C)
10 (0.254) +1 (0.0254) <8 12 (0.30) 0.5-60 250 (121)
100 (2.54) +10 (0.254) <80 120 (3.0) 0.5-20 300 (149)
7.1.4 Peak Versus rms Measurement. The accept-  changes in operating procedures to eliminate [tfouble-
ance criterip in this Part are based on zero-to-peak piping ~ some operating conditions.
deflectiond| therefore, the VMS used must result in actual If corrective restraints, circumferential stiffen¢rs, for
zero-to-pedk measurements. If the instrumentation used ~ example, or system modifications arerequired tp make
yields rms| measurements, then conservative methods  the piping system acceptable, then-the piping pystem
must be used to convert the rms measurements to stress analysis shall be reviewéd and, as necpssary,
zero-to-pedk values. reconciled.
After corrective action is-completed, postmodification
testing shall be performed to determine if the vibrations
8 CORRHCTIVE ACTION have been sufficiently reduced to satisfy the accdptance
criteria. Testing mray~involve determining the vibration
Correctfve action is required to reduce piping  response of theSystem during specific operating[modes
vibrational stresses to acceptable values when piping o verify adequacy of modifications implemented|to con-
steady-stafle or transient vibration exceeds the accept-  trol vibration!
ance critefia of para. 3.2. Possible corrective actions Vibrafion excitation mechanisms and piping
include id¢ntification and reduction or elimination of  responses along with possible additional testing)analy-
the excitation mechanism or vibration source; structural sistvand corrective actions are discusded in
modifications to detune resonant piping spans; and  Nenmandatory Appendix E.
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Part 3, Nonmandatory Appendix A
Instrumentation and Measurement Guidelines

The purpose of this Nonmandatory Appendix is to

A-2.1 Transducers

provi
ponents of a vibration monitoring system (VMS). Recog-
nizing| that the instrumentation included in the VMS
will d§pend on the method chosen for the measurement
progr%\ (VMG 1, 2, or 3), this Nonmandatory Appendix

+dals £ 4+l 1 i £ 3 |
S oo CHTICSTOTTHCSCICC o OT e vICC S artarCOITT

provides suggestions, examples, and precautions for the
instrunentation and techniques that might be employed
for eagh method.

It is|not the intent of this Nonmandatory Appendix
to be used in place of state-of-the-art techniques for
vibratijon monitoring.

A-1 YISUAL METHODS (VMG 3)

The fisual inspection method allows the use of senses,
such ap touch, to determine acceptability. For example,
with spfficient experience, vibration amplitude can be
perceiyed fairly accurately for frequencies from 2 Hz

, to 30 Hz by feeling the pipe vibrate. Estimates of the
"~ amplitudes of the lower frequency vibrations can(be
* obtainpd with a scale.
¢ Simple aids, such as those suggested in\Part 3,
~para. 4.2, can be used for estimating the amplitude of
. displagement for piping classified under VMG 3 when
precis¢ results are not required. Even.so;the user should
be caufioned against attempting to-use’these simple aids
under |circumstances where errengous estimates could
be obflained. For example,dow-amplitude [<30 mils
(<0.76 [mm)] vibrations at relatively high frequencies
(>20 Hz) would be diffictilt to quantify with a spring
hanget scale. Likewis¢;-low-frequency (<5 Hz) vibra-
tions are usually difficult to read with an optical wedge
becaude the ey€’s'\persistence of vision is inadequate to
perceiye a distirict intersection between the dark and
light regions) of the wedge.

It is the'intent of the visual methods to identify those

A-2.1.1 Accelerometers. One transduder for vibra-
tion measurement is the piezoelectric accelerpmeter. The
advantages of the accelerometer include a cajpability for
high-temperature operation, physical durpbility and
reliability, ease and stability of'calibration, intrinsic low
noise, linearity over a wide dynamic range, $mall mass,
and ease of application foridbsolute measugement.

A servo accelerometer that has | excellent
low-frequency response characteristics can also be used.
Its advantages are“a high output signal and frequency
response down, to direct current (dc).

Some accelerometer characteristics are of particular
importance for piping measurements.

(a)_Variation of Sensor Output With Temperqture. If the
change in output from room temperature t¢ operating
temperature exceeds 10%, a correction faftor deter-
mined from the Manufacturer’s Data Sheef should be
applied.

(b) Variation of Sensor Output With Freqyency. This
variation depends on the type of accelerqmeter, the
mounting technique used, and whether its oytput signal
is fed into a charge-sensitive amplifier or|a voltage-
sensitive amplifier. Variation of output may|be as high
as 3% per decade in frequency. If the variatjon exceeds
10% over the frequency band being measjured, data
should be corrected in accordance |with the
Manufacturer’s Data Sheet.

(c) Maximum Temperature of Operation. Urjder no cir-
cumstances should the maximum operating tempera-
ture specified by the Manufacturer be |exceeded.
However, direct attachment to the pipe surfade is usually
feasible because accelerometers with maximfyim temper-
ature ratings of at least 650°F (345°C) are repdily avail-
able. Thermally insulated mounts may also|be used, if

vibrations that are obviously acceptable. If doubt exists
as to acceptability after the visual inspection methods
are employed, then the methods of section A-2 of this
Nonmandatory Appendix should be employed.

A-2 ELECTRONIC MEASUREMENT METHODS
(VMG 2 AND VMG 1)

The following discussions regarding hardware selec-
tion and methodology are applicable to both VMG 1
and VMG 2 monitoring requirements.

necessary, to reduce the temperature at the
accelerometer.

The accelerometer characteristics, such as frequency
response and associated electronic circuitry, should be
compatible with the required measurement goals.
Proper scaling and band-pass filtering should be
employed to aid the analyst in obtaining vibration data
within the requirements of Part 3, section 7.

Two intrinsic shortcomings of acceleration measure-
ments that may cause difficulties in plant piping applica-
tions are low-level, high-impedance output and poor
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signal-to-noise (S/N) ratio at low frequencies, particu-
larly following the double integration required to obtain
displacement.

Should these shortcomings prohibit the use of acceler-
ometers, the user may be able to achieve better perform-
ance with the high-output, low-impedance devices
described below.

A-2.1.2 Velocity Transducers. Velocimeters (or
velocity pickups) are transducers designed to respond

ASME OM-2012

A-2.1.5 Strain Gages. The use of strain gages
(nin./in.) at selected points in the piping system pro-
vides data that can be used for comparison to acceptance
criteria. The type of gages normally used on the piping
systems are either the weldable or the bondable types.
The temperatures and radiation level typical of power
plant environments may limit the use of bondable gages.
Weldable gages that will operate for all temperature and
radiation levels typical of nuclear power plant environ-
ments are available. The usual requirement is that the

directly to
coil or mo
output ger
the magne
and hence
electrodyn
high-level,
signals re
pickup. TH
and their s
Contaming
its their u
tions, sincg
low-freque

A-2.1.3
direct-sens|
piping vibj
probe (or {
ential tran
the lanyard
placement
have frequj
form all th
chief adva
hence, im
advantage

vetocity—They usuatty cornsistof e moving
ving magnet arranged so that the electrical
erated is proportional to the rate at which
ic field lines are cut by the moving element,
its velocity. The main advantage of these
hmic transducers over accelerometers is their
low-impedance output, thereby making their
atively immune to electromagnetic noise
eir chief disadvantages are their larger size
bmewhat restricted useful linear band width.
tion from background at low frequencies lim-
efulness in providing displacement indica-
the necessary integration tends to amplify
ncy noise selectively.

Displacement Transducers. Examples of
ng displacement transducers applicable to
ration measurements are the eddy current
roximity probe), the linearly variable differ-
sformer (LVDT), hand-held vibrometer, and
| gage potentiometer. All sense absolute dis*
relative to a fixed reference and, therefore,
ency response and S/N curves that are uni-
e way to zero frequency (dc). This is’ their
tage, along with high electrical gutput and,
unity to extraneous noise. Ant attendant dis-
however, is that they must be mounted firmly
to some strjucture that is stationary felative to the vibrat-
ing system| whose displacement is to be measured. This
is often diffficult to accomplish/in an operating plant
environmeht. Other disadvantages of these transducers
owing:
d have a lower high-frequency response

(d) insome cases, high noise, offset errors, and limited
(quantized) displacement resolution

A-2.1.4 Special Transducers. Other instrumentation
(e.g., LASER vibrometers that detect the Doppler shift
accompanying motion of the target) is commercially
available for those special situations requiring unusually
high measurement accuracy or where physical access to
the vibrating structure prohibits use of the transducers
already described. Such devices are too specialized to
warrant further description in this document.
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state of stress at points on the piping system fcan be
determined from strain gage readings. This implies the
use of an appropriate theory relating strains’to sfresses.
The validity of the final results depends,on the validity
of any relationships used in reducifig'the data.
The user of strain gages mustbe aware of som
lems encountered by the use of thése devices, esy
for the measurement of stdtic strains. These prpblems
are associated with temperature compensation, bond
stability, instrument stability and moisture, radiation,
and high-temperature environments. The user ghould
employ state-of-thetart techniques to circumvent these
potential problems.

P prob-
ecially

A-2.2 Cables

Since'cable noise can distort the vibration signalls from
sensors, low-noise cable should be used betwden the
sensor and the signal conditioner. The cable should have
temperature characteristics adequate for the expected
environment.

If cable connectors are used, precautions shd
taken to avoid the introduction of moisture a
locations, since, in general, long cable runs [
(>30.48 m)] between the transducer and the signal
tioning unit may produce high-noise pickup or
attenuation. A remote preamplifier (or remote
converter) may be required to avoid these diffi
The transducer and cable Manufacturer’s Data
should be consulted for details.

uld be
I these
100 ft
condi-
signal
charge
rulties.
Sheets

A-2.3 Signal Conditioner

condi-
tics for

A-2.3.1 General Requirements. The signal
tioner should have proper electronic characteris|
the selected transducer.

g-integrating cir-
cuits yielding velocity and displacement outputs from
the acceleration signal may be included in the signal
conditioner. Gain normalization for direct incorporation
of accelerometer output scale factor (as supplied by the
Manufacturer) is an important feature because all out-
puts can then be designed to read out directly in absolute
velocity and displacement units.

or-a ome eratconditioning eetra

A-2.3.2 Frequency Range. A working range from
0 Hz to 300 Hz will cover practically all piping
applications.
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A-2.3.3 Vibration Scale Range. The signal condi-
tioner should typically be able to measure velocities
from 1072 in./sec to 102 in./sec (0.254 mm/s to
25.40 mm/s) and displacements from 107* in. to 10 in.
(0.00254 mm to 254 mm).

To provide accurate measurements over the wide
amplitude ranges specified above, the signal conditioner
should provide several fixed-gain adjustments or inter-
mediate full-scale ranges.

PART 3 (STANDARDS)

or pulselike with high-crest factors, and sometimes mix-
tures of all three. Therefore, the proper amplitude func-
tion (rms, peak, peak-to-peak) should be carefully
selected, and should be consistent with the acceptance
criteria for the measured variable.

A-2.4 Auxiliary Equipment

An oscilloscope for viewing the waveforms of the

A-2,3.4 Filtering, Switch-selected, low-frequency acceleration, velocity, and displacement outputs from
cutoff |imits should be provided to eliminate extremely the signal conditioner is desirable in most-cases. A real-
low-fré¢quency signals and unwanted noise. time frequency analyzer and an analog FM tape recorder

Lowtpass filtering should be available at the upper
end offthe vibration band to eliminate unwanted high-
frequepcy noise.

Bandl-pass filtering may often be desirable to reduce
interfefence among sinusoidal amplitude distributions,

fline study
quipment.
so be used
hlog meter

(for data preservation and/or additipnal o
and processing) are also useful, dptional ¢
A strip chart recorder or oscillograph can a
to provide a permanent record of the an
indication.
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Part 3, Nonmandatory Appendix B
Analysis Methods

This Nonmandatory Appendix describes two meth-

ods of obta

tem from the measured total displacement time history.

It is recomt
para. 6.1.

B-1 FOU

The recq
time histo
function u
spectral de
range that
response.
should be
converged
crete frequ
responses

! ihe user
ANSI 5210, }

Vibration Ddta.

nended to be used in conjunction with Part 3,

RIER TRANSFORM METHOD'

rded acceleration, velocity, or displacement
ies can be converted to a spectral density
sing Fast Fourier Transform techniques. The
nsity should be computed in the frequency
contains the expected predominant system
A sufficient number of spectral averages
made to ensure that the density function has
Integration of the density function over dis-
ency bands around the predominant modal
yields the rms modal response. These can

of this method is referred to the latest revision of
Vlethods for Analysis and Presentation of Shock and

readily be converted to peak-to-peak response through

response.

In addition to the modal responses, the Spectr]
sity function will indicate the system response af
ministic frequencies associated with-shaft ang
passing frequencies of rotating equipment that
the piping system.

The piping displacements-dt:these frequencies
be determined. The piping, displacements at thg
quencies should be absélutely summed with the
displacement of the piping system mode that is
to the deterministic frequency or that closely res|
the displaced{¢onfiguration at the determ
frequency.

B-2 _OTHER METHODS

Alternative methods may be employed, such ag
stiperposition, provided that the method used is g
stratively conservative and the test analysis corr
requirements of Part 3, para. 6.1.4 are met.

of the

hl den-
deter-
blade
excite

should
se fre-
modal
hearest
embles
inistic

modal
emon-
elation
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PART 3

Part 3, Nonmandatory Appendix C
Test/Analysis Correlation Methods

to bending stress (or bending moments) through
b of analytically obtained modal characteristics.!
commended to be used in conjunction with Part
. 6.1

[EST/ANALYSIS CORRELATION

modal displacements at each measurement point,
bd in Part 3, para. 6.1.3, should be tabulated and

normalized to an appropriate value (such as the maxi-

mum
each d
phase
Transf
shape

Hisplacement) in that mode. The relative sign of
isplacement can be obtained by computing the
between measurement points using Fourier
pbrm techniques. This yields a normalized mode
and modal frequency obtained by test that can

be conppared to analytically obtained normalized mode

shaped
should
Part 3

C2 |

Hav|
the an

tis
stress i1f
modal |
analysig
for Sau

and frequencies. The test and analytical results
be correlated according to the requirements of
para. 6.1.4.

EVALUATION OF THE MEASURED RESPONSES

ng achieved a correlation of test/analysis results,
nlytically obtained modal moments or stresses in

ssumed in this method that the stress vector includes the
dices as defined in Part 3, parai3.2.1.2. Alternatively, the
ending moments in the pipihg,(obtained from the modal
of the piping) can be convérted to stress using the equation
Hefined in Part 3, para/3:2:%.2.

(STANDARDS)

the system piping can be determined using the actual
modal-respon obtained—from—the—testdata. This can

be done in the following way.

The measured modal displacement at'poin
(denoted by Di]-T) is divided by the correspong
ical displacement (D;), yielding-the mod

factor K;;, as shown below.

ijs
Dt

Theoretically,all K; within a mode should |
if perfect correlation of test and analytical m
has beenwachieved. Realistically, however,
vary. Therefore, for each mode the maximun
sen as the modal response factor for mode
Ki).. The maximum Kj; should be chosen fy
those Kj; in the direction of predominant mo
to reduce unnecessary conservatism. Havin
the modal response factors (K;) for each mo|
stress vector (SjT) for each mode should be
by premultiplying the analytical stress vect
the modal response factor:

(") = K(S/):
The modal stress vectors thus obtained shoy

bined by an appropriate conservative methg
the total stress in the piping.

jinmodei
ing analyt-
1] response

be the same
ode shapes
the K,] will
n Kl] is cho-
(denote as
om among
dal motion
g obtained
de, the test
calculated
r! (/)i by

1d be com-
d to obtain
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Part 3, Nonmandatory Appendix D
Velocity Criterion

This Nopmandatory Appendix describes a method
for establighing a velocity criterion for screening piping
systems. Uping these procedures, piping systems requir-

tion. Using this criterion, piping systems canjbelchecked

sate levels of vibration tor any type of piping con.Fgura-
and those with vibration velocity levels lower than the

ing furthfer analysis can be determined. This  screening value would require no further @nalysjs. Pip-
Nonmandgtory Appendix is to be used in conjunction  ing systems that have vibration velegity levels |higher
with Part 3, para. 5.1.2.4. than the screening value do not necessarily have exces-
sive stresses, but further analysisishecessary to edtablish
D-1 VELQCITY CRITERION their acceptability.
The expression for allowable peak velocity from Part 3, The foll.owmg correcfioRptactors are co.r151dere:1 to be
para. 5.1.2}4 is conservative ValLI?S andshould be applicable tp most
piping configuratiens; however, the conservatism for
Voo = GGy B(Se) extremely complex piping configurations cannot be
Aow ™ C3Cs aCrKy attested.
where €1 30
C; =| correction factor that compensates for the CKy & 4
effect of concentrated weights. If concen- G =15
trated weight is less than 17 times the weight Cy = 07
of the span for straight beams, L-bends, C = 1.0
U-bends, and Z-bends, a conservative value Sa/a = 7,690 psi (53 MPa)
of 0.15 can be used for screening purposes.
C,K, =| stress indices as defined in the ASME.Céde; (0.15)(0.7)(0.00364)(7,690)
CoK; < 4 for most piping systems Vallow = (1.5)(1.0)(&)
C = correctionh factor' accounting for pipe con- = 0.5 in./sec (12.7 mm/s) — screening vibra-
tents and insulation; for conterits-and insula- tion velocity val
) . . y value
tion equal to the weight of _the pipe, the
value would be 1.414; in.mest cases it is less
than 1.5
C4 =| correction factor forend conditions different
from fixed ends.and for configurations dif- D-3 USE OF SCREENING VIBRATION VELOCITY
ferent from stfaight spans VALUE
=[ 1.33 for cafitilever and simply supported
beam A screening vibration velocity value of 0.5 n./sec
=| 0.74 for’equal leg Z-bend (12.7 mm/s) has been established that can be ysed in
=| 0.88for equal leg .U-bend conjunction with Part 3, para. 5.1.2.4. Piping :;Er“stems
=[0i7-as conservative value for screening  with peak velocities less than 0.5 in./sec (12.7 fnm/s)
purposes . are considered to be safe from a vibratory stress stand-
Cs = correction factor.that is used When Mea-  point and require no further analysis. If vibrational
sured frequency d1'ffe'rs from the firstnatural = yq15jties greater than 0.5 in./sec (12.7 mm/s) are mea-
frequency of the piping span; for frequency sured, then further analyses are required to determine
ratios less than 1.0, the value is 1.0 s
acceptability.
Sei @ = see Part 3, para. 32.1.2 The first step to take if vibration velocities are greater
B = see Part 3, para. 5.1.2.4

D-2 SCREENING VELOCITY CRITERION

If conservative values of the correction factors are
combined, a criterion can be derived that should indicate

Copyright ASME International
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than 0.5 in./sec (12.7 mm/s) is to determine more accu-
rate values of the correction factors C;, C3, C4, Cs, and
the stress indices C,K, so that the applicable velocity
criteria for the piping system in question can be
established.
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Part 3, Nonmandatory Appendix E
Excitation Mechanisms, Responses, and Corrective Actions

E-1 EXCITATION MECHANISMS AND PIPING

of the piping. Acoustic modifications include changes

RESPONSES lengths—to—+at ! H Hcal 1

H-pipe-rengins—to—ratse-ortowerts—aconstical natura

Pipihg vibrational response can be in the form of beam ~ frequency, and the addlt.u.)n of a mufflerf pulsation
or she|l-wall vibration. Each of these responses affect ~ dampener, or suction stabilizer.

piping ghgferentl}}i, ahnd l‘glerdefiore thﬁ correcz’?.ve aCthI} E-1.1.1 Cavitation. Cavitationtis often the cause of

re.}q)uu;( Er jeach shou ad Il'iess t el spe;:l ic type ? piping vibration and also produces noise, prgssure, fluc-

vibratjon being experienced. bxamples of COMMONLY v ations, erosion damage, and 10ss of flow capacity. How

encountered excitation mechanisms and piping
respofses are given in paras. E-1.1 and E-1.2,
respectively.

E-1.1 Excitation Mechanisms

it occurs, its progression, and+the involvement of piping
components are described below. A case history is also
provided that demonstrates how detrimental cavitation
can occur at off-nermal operating conditions.

Piping vibration excitation mechanisms are pressure .
pulsatfons in the fluid or gas being transported by the E'l.'l'l"l \ommentary. Vapor cavities are formed
piping or vibrations mechanically transmitted by when liquid pressure falls below its vapof pressure,
attach¢d or adjacent equipment. which cannoccur at pressure-reducing orificgs and flow

Examnples of potential sources of low-frequency vibra-
tion are control valve oscillations, turbulence caused by
high flow velocities, flashing, and cavitation. These
sourcep can be reduced by valve control system modifi-
cationg such as the addition of damping, routing, on

control\valves. Cavitation occurs when a vapor cavity
collapses as it is subjected to pressure greafer than its
vapor pressure. This can occur when a vapor cavity
moves downstream of the orifice or valve. {Collapse of
the cavities produces pulsations, which can|cause pipe
vibration, surface erosion, and accelerated dorrosion.?

pipe size changes to reduce turbulence, and the use of

breakdown orifices or anticavitation valve trim to_redtice Cavitation sounds different depending on fits severity.

flashing or cavitation. It can vary from a cracking sound to a sound [resembling
Examples of high-frequency vibration(sources are ~ gravel being transported through a pipe. Atsgvere levels

pump or compressor-induced pressure pulsations pro- it can be damaging to hearing.

duced by a control valve in a gas or_steam system and When the vapor cavities collapse next t¢ a pipe or
vortex|shedding at flow orifices in a-water system. Modi- ~ component surface, erosion and corrosion|can occur.
fications such as using a muffler, pulsation dampener or ~ Cavitation erodes the protective oxidized surfface, which

suction stabilizer, noise reductiont valve trim, or adding
multistage orifices are examples of how the vibration
source| can be reduced.

Prespure disturbanc¢es or pulsations are transmitted
through the fluid thie same way that sound is transmitted
through air. Pressure pulsations can be amplified if the

allows corrosion to accelerate. Recent pipe fpilures and
leakages have led to research to monitor apd remedy
the offending conditions.’

Components in piping systems, which cg
the pressure decrease necessary to cause cay
valves, orifices, nozzles, pumps, and elbow

ntribute to
itation, are
s. Damage

pulsatfon freguency is at or hear a piping acoustical  can be reduced by keeping the cavitation| level low,
f-reque Y1 ’fhls resonant COI‘l.dltIO?.’l mcreases .the poten-  removing the boundary from the cavitation one, treat-
tial for detrimental piping vibration. Acoustic frequen- ing the boundary surface to make it resistant{to damage,

cies are-afuncttonof-the DtJCCd of-sotnd—nthefluid-or
gas and are inversely proportional to the piping length.

A common excitation mechanism is vortex shedding
at flow discontinuities. Vortex shedding causes pressure
pulsations at the distinct frequency ranges. If the shed-
ding frequency is close to a piping acoustical natural
frequency, then resonance can occur and the pulsations
would be amplified. Modifying the discontinuity (e.g.,
flow orifice of side branch opening) can reduce the vor-
tex shedding and shift the shedding frequency, thereby
avoiding resonance. If this cannot be done, then modifi-
cations can be made to change the acoustic frequencies

133

dissipating the flow energy in stages, or ejecting air into
the separation regions.4 The most certain treatment for

1 Olson, D. E., “Piping Vibration Experience in Power Plants,”
Pressure Vessel and Piping Technology (1985), A Decade of
Progress, Book No. H0030, The American Society of Mechanical
Engineers (ASME).

2 Wachel, J. C., et al.,, “Piping Vibration Analysis,”
Turbomachinery Symposium (September 1990).

3 “Cavitation Erosion Model,” Electric Power Research Institute
Report, NATS RT-103193 (December 1993).

* Tullis, J. P, “Hydraulics of Pipelines,” John Wiley and Sons,
New York (1989).
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cavitation-produced pipe vibration is to reduce or elimi-
nate the source.

E-1.1.1.2 Case History — Cavitation at Orifices. The

chemical and volume control system (CVCS) in some
pressurized water reactor plants contains a single stage
stepdown orifice in the Letdown portion of the system.
The orifice has a bore of 0.25 in. and a length of approxi-
mately 24 in. The pressure drop across this orifice is
approximately 2,000 psig (from an upstream reactor

ASME OM-2012

vibration loadings that they are installed to restrain. This
vibration can result in excessive wear and fatigue of
components and supports not specifically designed for
vibration. Therefore, items installed for this purpose
must be able to withstand this vibration, or inspections
and replacements of these items should be scheduled.
High-frequency piping vibration results in small dis-
placement amplitudes, on the order of several mils or
less, and is commonly prevalent throughout a large por-
tion of a piping system. Therefore, the addition of sup-

coolant system pressure of 2,250 psig to a downstream
pressure of about 250 psig). A back pressure of 200 psig
or larger isfrequired to prevent cavitation from occurring
at the discharge end.

At one fuclear plant, the pressure at the discharge
end dropp¢d to approximately 100 psig when a pressure
instrumen{ drifted out of calibration. This condition was
discovered|after 9 mo of operating under this condition

sufficient tp cause cavitation and subsequent erosion at
the dischafge end of the orifice. This erosion adversely

cavitation.

of plant records revealed that the previous
as outside the design back pressure require-
gineering evaluation indicated the potential

operation
ment. An

E-1.2 Pipi

Piping bpam vibration is the most commonly encoun-
tered respdnse. This vibration results from excitation of
piping striictural modes\that cause piping to vibrate
similar to §imple beams. This type of vibration is typi-
cally most| predomifiant below 20 Hz although beam
vibration with fréquencies up to 100 Hz or more is possi-
ble. Elimirjating’ or reducing the vibration excitation
source islthe—most—effective—corrective—action:
Low-frequency beam vibration can also be adequately
restrained through the addition of supports.

Experience has shown that the most effective use of
restraints is obtained by supporting piping near bends
and at all heavy masses and piping discontinuities.
Vibrations of vents, drains, bypass, and instrument pip-
ing can be corrected by bracing the masses (valves,
flanges, etc.) to the main pipe to eliminate relative
vibrations.

Supports and structures used to restrain piping
vibration must be capable of enduring the continuous

Copyright ASME International
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ports is typically not an effective means of controlling
high-frequency vibration. For example, the.frfge play
inherent in most supports would(mnet r¢strain
high-frequency vibration.

Piping shell-wall vibrations typically occur 3t high
frequencies. For example, the lJowest frequencly shell
mode of vibrations for a 24 in. Schedule 40 pipe is 190 Hz.
Piping shell-wall vibration frequencies are propdrtional
to the pipe-wall thickness and are inversely propdrtional
to the pipe diameter. Thie most effective corrective action
for shell-wall vibration is to eliminate the vibratiqn exci-
tation source,Af\the source cannot be adequately
reduced, then the shell wall vibration frequency must
be moved outof resonance, which could involve [chang-
ing the pipe dimensions, such as using a heavipr wall
pipes€ircumferential stiffeners may also be ysed to
incréase the piping shell wall frequency. Consfrained
layer damping can be added to reduce the dynamic
response and stress.

E-2 ADDITIONAL TESTING AND ANALYSIS

Root cause investigation may also involv¢ more
detailed analysis and/or testing. These steps fcan be
taken to assist in determining the root cause of th¢ vibra-
tion, or to reduce possible conservatism in the mjethods
used to determine vibrational stresses. For exhmple,
vibration that exceeds the limits determined through
the simplified evaluation techniques given in [Part 3,
section 5 may be demonstrated to be within acc¢ptable
limits when more detailed techniques are usgd. The
methods of Part 3, section 5 were developed to pe effi-
cient methods of qualifying the majority of piping; how-
ever, conservative assumptions were made to simplify
the criteria. Therefore, by either more detailed a|
and ing, higher vibrational displacements may
be justified. More detailed analysis may, for example,
include the methods described in Part 3, section 6 or
finite element modeling of a particular structure or com-
ponent. Detailed testing can involve the application of
strain gages to determine with a higher degree of accu-
racy the actual peak stress levels in the piping. Strain
gage testing may also be used, possibly in conjunction
with test and analysis correlation, to reduce conserva-
tism. A continuous monitoring data acquisition system
may also be temporarily used to determine system
vibrational response during plant operation.
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Part 3, Nonmandatory Appendix F
Flow Chart — Outline of
Vibration Qualification of Piping Systems

Figure F-1, Flow Chart — Outline of Vibration
Qualification of Piping Systems, appears on the
following page.
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Part 3, Nonmandatory Appendix G
Qualitative Evaluations

For a piping system to be deemed acceptable, the

Qualitative evaluations rely primarily on observatiens
and judgments made during the piping walkdowns.
Obseryations include the use of perceptual (visual, tac-
tile, aural) inspections. This includes listening-for abnor-
mal nqises, for example, due to excessive cavitation or
compdnent malfunction. In additior, the sense of touch

(STANDARDS)

can be used to determine the presence of high-frequency

high-frequency vibrations; however, théy
detectable through the sense of touchy):

Items addressed by qualitative evaluatior

(a) applicable assumptions and‘limitat
quantitative analysis techniques.

(b) potential detrimental‘effects of vibrati
port wear and fatigue ahd pipe wall wear
rubbing at supports.

(c) the potential effect of vibration on thy
nections such as the loosening of nuts and

(d) component wear and corrosion (e.g.

can result ify significant wear and corrosion).

(e) vibtation effects on equipment and c
Vibration'can affect valve components such
hydfaulic and instrumentation tubing and v
Vibration near a pump can be indicative of g
lems such as misalignment, cavitation, or i1

(f) how limitations of the instrumentatio
accuracy of the vibration measurements.

(g) signal noise. The contribution of undeg
trical noise to the vibration signal.

(h) branchlines. Header vibration can advsg

ly perceive
hre readily

s include
ons of the

on on sup-

caused by

eaded con-
bolts.
cavitation

mponents.
hs attached
alve yokes.
ump prob-
hbalance.

h affect the

irable elec-

rsely affect

branch piping, and pressure pulsations trajsmitted to

the branch piping can result in vibration thrg
branch piping.

ughout the
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Part 3, Nonmandatory Appendix H
Guidance for Monitoring Piping Steady-State
Vibration Per Vibration Monitoring Group 2

H-1 PURPOSE

The purpose of this Nonmandatory Appendix is to
provide guidance for monitoring and qualifying, using
the displacpPment acceptance criteria, steady-state piping
vibrations per the requirements of Vibration Monitoring
Group 2, YMG 2, of Part 3. This guidance is based on
extensive ¢xperience associated with field walkdowns
and testing.

H-2 ASSUMPTIONS

These crjteria assume that the stresses resulting from
the steady-state vibration of an entire piping system can
be conservatively estimated by dividing the system into
smaller piping spans with various end conditions and
using simpfle beam analogies to determine the deflection
limits. It is|further assumed that the vibration between
node points and/or adjacent, parallel, seismically rigid
restraints i§ dominated by a single mode of vibration that
can be condervatively approximated by the fundamental
mode of a[simple beam model.

The alloyvable stress amplitudes, S,, are in accerdance
with Part 3 section 3. These stress amplitudes are based
on 80% of [the alternating stress intensity~at 10° cycles
divided by a stress reduction factor of,+:3 for carbon
steels, and|the minimum alternating stress intensity at
10" cycles|for stainless steels. Theyalues of alternating
stress interfsity are taken from¥ig.1-9.1,1-9.2.1, or -9.2.2
of the ASME BPYV, Section II;;JAppendix I. Note that the
assumptiofs stated in the ASME BPV Code for the use of
these curv¢gs must be fellewed, including the following;:

(a) The fatigue elirves are not applicable at tempera-
tures above 700%E \for carbon steel and 800°F for stain-
less steel.

(b) The fatigue curves use a modulus of elasticity of

the least involved method of monitoring, and thg moni-
toring methods and associated analyses becom¢ more
extensive as the measured vibration excéeds’the friteria
of the various monitoring levels. The procedure requires
further action for evaluating vibrations that exdeed all
levels of acceptance criteria. The procedure is digcussed
in paras. H-3.1 through H-3.2:4:

H-3.1 Quantitative Evaluations

H-3.1.1 Determine Flow Modes to Be Monitored.
The first step inimplementing the monitoring prdcedure
is to align the piping system in the flow mode(s) that
have beengudged, based on a review of all the possible
operatingy modes of the system, to result in thp most
severe vibrations. If the most severe mode(s) cafnot be
determined from a review of the operating modes, the
system should be tested in several or all its opprating
modes. Generally, the most severe steady-state| vibra-
tions occur during maximum or minimunph flow
conditions.

H-3.1.2 Inspect the Piping. Once the flow] mode
is established, the piping is inspected for percpivable
vibration. Vibrations can be perceived not only hy sight
but also by touch and by hearing. Therefore, all|senses
should be alert when performing the walkdowr, espe-
cially since lighting is usually not ideal and the|piping
may not be easily accessible.

H-3.1.3 Take Measurements. Even if the vibration
appears to be minimal, at least one vibration measure-
ment should be taken to document system resporse and
provide a baseline for future reference. Equipmgnt that
measures true peak-to-peak displacement is fecom-
mended for measuring piping vibration, since the dis-

30 x 10° psi for carbon steel and 28.3 x 10° psi for
stainless steel. Therefore, when an analysis is performed
to determine vibration-induced stresses using a modu-
lus of elasticity different than that used in the fatigue
curves, the calculated stresses shall be adjusted as speci-
fied in ASME BPV Code, Section III, NB-3222 4.

H-3 IMPLEMENTATION

A sample steady-state vibration monitoring proce-
dure is shown in Fig. H-1. The procedure begins with

placement is proportional to the pipe mode shape and,
therefore, is proportional to the vibrational stress.

Equipment that measures root mean square (rms) dis-
placement indicates only an averaged stress. The rms
measurement cannot be readily converted to peak-to-
peak measurements, except for pure sinusoidal signals.
Since piping vibration is often quasirandom, equipment
that measures rms signals should not be used. The pre-
dominant frequency of the vibration is also important
and should be documented for baseline purposes and
for aiding in problem resolution.
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Fig. H-1 Monitoring and Qualification of Piping Steady-State Vibration
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Normally, perceivable vibration exists at several loca-
tions on the piping system. Since it is usually not feasible,
or necessary, to take vibration measurements at every
location, measurements are taken at locations where the
vibration is judged to be the worst on the basis of produc-
ing the highest vibrational stresses and/or on the basis
of the qualitative evaluation.

The worst vibration does not always correspond to
the location of the maximum displacement. For example,

ASME OM-2012

and time-effective action is chosen for resolving the
vibration problem.

H-3.2 Qualitative Evaluations

The objective of the qualitative evaluations is to
address vibration causes and effects that are not quanti-
fied by the vibration measurements and evaluation tech-
niques. For a piping system to be determined acceptable,

a displacement measured in a stiff portion of the piping the observed piping vibration must be acceptable based
system coyld be more severe than a large displacement on a qualitative evaluation. This is in addition to demon-
measured in a more flexible portion of the system if the  strating acceptability based on quantitative \mgasure-
former resplts in a higher stress. Note that experience ments and calculations.
in monitor|ng piping vibration is required to accurately Note that for the qualitative evaluation to |be not
judge the llocations of worst vibration and acquire a acceptable, the observed conditions must be judged to
“feel” for the severity of vibration in general. have an immediate detrimentaldmpact on the hccept-
H-3.1.4 |Evaluate Measurements. Once the locations ~ 2Pility of the piping system. ARtexample is severe|cavita-
of the worft vibrations are determined, the measured ~ tion that is judged to likely”result in damage|to the
displacemdnts are evaluated by applying the criteria ~ Piping or components, Conditions that are judged not
presented fn section H-4. Documentation of the mea- to have an immediate detrimental impact can be ¢onsid-
surement ghould include the vibration location, magni- ered acceptable btitishould be flagged for future correc-
tude, direction, and frequency, all the calculations tive action and%or monitoring. An example is vibration
performed} and the acceptability of the vibration. resulting from*imbalance in a pump. This may|not be
The critpria in section H-4 are simplified for easy =~ an immediate concern, but should be flagged for future
applicatiorf and, because of their simplicity, yield smaller ~ corrective’action or maintenance.
allowable Hisplacements than more detailed analyses Qualitative evaluations rely primarily on the observa-
would. Knowledge of piping structural dynamics and ~ -tions, experience, and judgments made by the individu-
stress analysis is required to ensure the criteria are ~als completing the piping walkdowns. Obseryations
applied infa conservative manner. include the use of instrumentation plus the use fof per-
L . ceptual inspections, listening for indicative noisg¢s, and
H-3.1.5 | Excess Vibration. If the me.zasured displace- the sense of touch, which can be used to determijine the
ment (VMG 2) exceeds the allowable displacemént from presence of high-frequency vibration. Caution st be
section H-4, further analysis is required to evaluate the 4 when touchine hieh-temmerature or hich-enereulvipin
vibration. When the allowable displacementis exceeded ser twhen ¢ 8 g P gh-enersyippme.
by more tan a factor of 2, operatioryoithe system in Quahtfatlve. evaluations assess the p.o’Fennal fof d.etrl—
the offendihg mode flow should be avoided until further n'1en’Fal vibration t,h atmay not be quzfmtlfled by the vibra-
analyses of corrective action cambe’ performed. Note t.1or.1 mﬁrumgntahon. These evaluatlor}s also addfess the
that. based on experience. the sitplified displacement  Lmitations inherent to the assumptions and apalysis
4 P , P P . . -
allowables|determined using.th€ simple beam analogies t.echmque.s PSed for quantifying the effects of thq vibra-
of VMG 2, lhave typicallybeen found to be conservative tion on piping response. )
by at least g factor of 2;,when compared to more detailed Examples of the items that are addressed by th¢ quali-
evaluation. This agsitimes the correct application of the ~ tative evaluations include the limitations of the vibration
criteria. instrumentation and the quantitative analysip tech-
When tHe aflowable displacement limit is exceeded, ~ Niques and the effect of vibration on supports, |equip-
a simplified €omputer analysis can be performed. The  ment, and branch piping. Some specific examplles are

purpose of this analysis is to reduce the conservatism
inherent to the allowable displacement criteria by more
accurately modeling the piping configuration and
determining the piping deflected shape and pipe
stresses.

The peak stresses from the simplified computer analy-
sis are compared with the applicable allowable stress
amplitude from Part 3, section 3. If the allowable stress
amplitude is exceeded, further action is recommended
to resolve the vibration problem. Examples of recom-
mended actions are shown in Table H-1. The most cost-
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provided in paras. H-3.2.1 through H-3.2.4.

H-3.2.1 Vibration Instrumentation. Vibration instru-
mentation is designed to measure specific types and
ranges of vibration. The capabilities and limitations of
the instrumentation must be accounted for. For example,
accelerometers are typically not sensitive to
low-frequency vibration. If low-frequency vibration
(e.g., less than 3 Hz) is present, then different instrumen-
tation may be required to adequately quantify the
vibration.
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Table H-1 Recommended Actions for Piping Vibration Problem Resolution

(STANDARDS)

Action Purpose Example Retest Required
Perform detailed Quantify stresses in localized Finite element analysis of No
analysis area; detailed analysis per- stresses in fitting and/or
formed to reduce conserva- piping structural stress
tism in simplified analysis analyses to more accu-
rately quantify the vibra-
tional deflected shape
and corresponding
stresses
Perform|detailed Quantify stresses in localized Installation of strain gages No
testing area; detailed testing per- on piping
formed to reduce conserva-
tism in simplified analysis
Perform|test- analy- Quantify pipe responses Use of dynamic pressure No
sis correlation throughout system by corre- data for comparisonewith
lating analysis input with input or as input to
test data hydraulic transiept
analysis
Modify piping Reduce pipe stresses by Addition-ofigid restraints Yes
and/dqr restraints reducing vibration
amplitudes
Determipe and Reduce pipe stresses by elim- Addition or modification of Yes
elimirfate source inating or altering excita- restricting orifice or valve
of vibfation tion forces trim; change in operating
procedure
Additionally, some instrumentation such as displace- H-3.2.3 Piping Supports. Piping vibratign can affect
ment fransducers, may have limited respofise*to high- pipe supports by causing wear, loosening ¢f threaded
frequehcy vibration. Therefore, if high-frequency vibra-  connections, and fatigue damage. These effefts must be
tion isf present, different instrumentatiorn (e.g., acceler-  evaluated if the vibration is judged significant enough to
ometgrs) may be required tolobtain adequate  adversely affect the supports. Although the |acceptance
measurements. _ o criteria for the simple span analogies are basefl on piping
.The hmltatlons.o.f .the signal copdmon}ng together fatigue stress limits, the supports are obvioysly impor-
with the data acquisition and-reduction equipment must {5t since damage or failure of a support coulfl adversely
al§0 bg considered. For example., the types of fll’Fers used  ,ffoct the vibrational response of the piping
will affect the recorded. data. Filters include high-pass, . h .
PN . Quantitative evaluation of stress in the|structural
low-pgss, and antifaliasing filters. .
members comprising the support should be|completed
H-3.2.2 Quantitative Analysis Techniques. The  when significant vibrational loads are expefienced.
accepfancesetiteria provided in these guidelines are The following are examples of qualitative ¢valuations
based [on _the allowable stress limit for fatigue of the propriate:

of the piping. However, parameters in addition to pipe
fatigue stress can be important. These other factors are
evaluated as part of the qualitative evaluation. Other
factors include the capability of the support system to
withstand the vibration and the effect of vibration on
associated equipment and branch lines.

The simplified evaluation techniques are based on
the piping vibrating in beam modes. High-frequency
vibration may excite piping shell modes and can result
in vibration that cannot be adequately evaluated using
only beam mode analogies.
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of supports that should be completed as ap)

at threaded

connections. Vibration, especially high-frequency vibra-

tion, tends to loosen threaded connections.
(b) indications of wear at the interface of

the piping

and components of guide-type supports. Vibration can
cause the piping to rub, potentially resulting in wear of
both the piping outside wall and support components.
For active restraints, especially snubbers, continuous
vibration can cause degradation of internals (e.g., wear).

Wear can also result between the clevis pin
or end bracket.
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(c) moved, rotated, or misaligned pipe clamps.
Moved, rotated, or misaligned pipe clamps can be indic-
ative of piping dynamic transients or significant steady-
state vibration.

H-3.2.4 Equipment. Piping vibration can adversely
affect associated equipment such as pumps, valves, and
orifices. Inline instrumentation can also be adversely
affected. Qualitative evaluations are intended to also
address the potential for vibration damage to equip-

ASME OM-2012

H-4.1 Characteristic Span

Characteristic span is the span of piping (L, ft) that
is used in the allowable displacement limit equations to
obtain an allowable vibrational displacement (,10w) and
is the length of pipe between adjacent vibrational node
points. If vibrational node points cannot be determined,
such as is the case with quasirandom vibration, a conser-
vative characteristic span should be determined by
using assumed node points. The location and orientation

ment. Below are examples of items to consider.

(a) Cavifation results in piping vibration, which is
evaluated [through quantitative techniques. However,
cavitation fan also cause wear, erosion, and pitting on
the internall surface of valves, downstream piping, and
orifices. THe presence of significant cavitation, typically
accompanipd by continual or intermittent loud noise,
may be regson to fail the qualitative evaluation, even if
the quantifative evaluation indicates acceptable results.

(b) Vib1ation can affect equipment components.
Vibration ¢an affect components of the valve such as
attached Hydraulic and instrumentation tubing and

of the seismically rigid supports (e.g., snubbers, rigid
struts, structural anchors, and equipment nozzlps) can
be used as assumed node points. The assumed node
points are then used to determine the characteristic span.

Note that a conservative characteristic¢:span is allength
of pipe that is shorter than the actdal)vibrating gpan of
pipe. As illustrated by the allowable displacement limit
equations, the rate of decrease:of \G,10w is proportional to
the squared rate of decrease ¢f the characteristic §pan, L.

H-4.2 Node Points
Node points are/locations of zero pipe vibrational

displacement (6 <=)0). Note that beam analogips that
have one or both ends assumed to be fixed or clamped

valve yokgs. The presence of high-frequency vibration conservatively assume that node point locations pxperi-
at a ve'ﬂve could also be indicative of resonance of the . . o0 Sotation as well as zero displacement| Node
valve interpals. points.até‘most readily found when the piping is|vibrat-

(c) Vibrgtion near a pump can be indicative of pump ing predominantly in a single mode of vibration. Node

problems puch as misalignment, bearing wear, flow
recirculatign, internal cavitation, or imbalance.

(d) Branfh lines can be affected by vibration of the
header piping especially if the header vibration fre-
quency is [near a structural natural frequency ofithe
branch piging. Branch piping can also be affected by
the pressure pulses in the header being transmitted
through thg branch. This is especially truejif-ah acoustic
resonance pf the branch piping is excited.

H-4 ALLQWABLE DISPLACEMENT LIMIT

The meapured displacemients obtained during the per-

peints will typically occur at seismically rigid resraints;
however, node points may also occur in the mi¢ldle of
pipe spans. As discussed previously, assumed node
point locations may have to be used for determining
the characteristic span if actual node points carnot be
determined.

It should be noted that node points are not
located at restraints. For example, snubbers limif
tional motion to a predetermined velocity or accel
value. If the piping is vibrating at a level bel
predetermined value (e.g., below 0.02 g for ¢ertain
mechanical snubbers or below 10 in./min velog¢ity for
some hydraulic snubbers), the snubber will not festrain
the piping and the restraint location and, thereforg, need

always

vibra-
Pration
bw the

ceptual monitoring procedure (section H-3) are com- 1ot be considered as a node point.

p.ared with ."alllowable displacerpent limits. The In addition, some restraints may have gaps or free play
displacemgnt limits‘afe calculated using the beam mod- of sufficient magnitude to allow unrestrained [piping
els and cqrresponding equations given in Part 3,  vibrations of a magnitude less than or equal|to the

para. 5.1.1|These beam models correspond to conserva-

restraint gaps or free play. For piping vibratiorfal dis-

tive representations of the actual piping response. Guid-
ance on the use of these models are provided in paras.
H-4.1 and H-4.2.
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placements of a magnitude less than or equal to the
restraint gaps or free play, the restraint locations need
not be considered as node points.
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Part 3, Nonmandatory Appendix |
Acceleration Limits for Small Branch Piping

intent of the acceleration method is to provide

flanges, the pipe itself, the pipe contents, and

mesulation

1o accalarationlimiteasa cunnlameaent to-tha dis
screen PP

O
placenlent limits discussed in Part 3, section 5 for small

branch
cantilg
metho
tation
betweq
Thes
with a
unacce
to den|
metho
ment 1
accelet
Not
should
not ng
Part 3
tions K
limits,
limits
and th|
ing an
vibrati

piping (pipe sizes <2 in.) with significant masses
vered from header piping or equipment. This
 is intended to provide a conservative represen-
bf the vibrational stresses in the branch connection
n the small branch piping and the header.

e limits can be used to screen out configurations
Fceptable vibration levels from those that may be
ptable or may require more detailed evaluations
\onstrate the acceptability of the vibration. This
 is intended to be a supplement to the displace-
hethods provided in Part 3, para. 5.1.1 when high
ations are present.

e that the limits resulting from this approach
be conservative, and exceeding these limits does
cessarily indicate that the allowable stresses of
section 3 have been exceeded (see also precau-
elow). For the vibration to pass these screening
the measured vibration must be below both the
Hetermined by the methods of Part 3, para. 5:1.1
b criteria below. Alternatively more detailed test-
/or analysis can be used to demonstrate that the
on stresses are below the limits of Part 3, section 3.

Signiificant vibrational stresses can eccur when small

branch
piping
In the

piping (pipe sizes <2 in.) cantilevered to header
is driven as a rigid body at.a high acceleration.
be cases, allowable acceleration limits based on

section modulus of branch pipe,|in.® (m?)

a = stress reduction factor from(Ratt 3, para. 3.2.1
unit conversion factor equal to 1) when the
U.S. Customary units-specified| below are
used and equal to 101197 x 10} when the
metric units specified in parentheges are used

EXAMPLE APPLICATION:(~A'peak stress index (C2K; or 2i) equal
to 4.2, which corresponds'té-a girth fillet weld is incorporated into
the acceleration limit-equation. The acceleration limit equation
should be changed, accordingly when other valueg of C,K, are
applicable.

A % in. Sehgdule 80 cantilevered branch line is afcelerated by
a header pipe“at a peak acceleration of 1.0g (zero fo peak). The
branch¢line ‘contains a 15-1b valve that is 6 in. froq the branch
connegtion. It is determined that Ly = 6 in. and Wy & 16.6 1b (see
Fig 1Y for determination of Ly and Wr). Determine if fhe measured
acceleration falls within the simplified acceleration |imit.

For carbon steels with a UTS <80 ksi, the equation [for allowable
acceleration in units of g is shown below. The equati¢n below also
assumes that C,K, = 4.2.

1,830z
4 = Wi,
_ 1,830z _ (1,830 X 0.0853) _ 157g>0g

M= Wiy T (166 % 6)

The vibration is acceptable.

CAUTION: Acceleration measurements often repult in large
overall values especially if high-frequency acceleratjons are pres-
ent. Itis important to note that these high-frequency pccelerations
likely will not affect the piping as assumed by thq criteria pro-
vided herein. The acceleration limit is based on th¢ assumption
that the dynamic accelerations affect the piping ¢quivalent to
static accelerations. Using this assumptign for the
high-frequency accelerations (where high frequency can be taken
as frequencies above the fundamental frequency |of the small
branch line) may result in overly conservative reslts.

the allpwable stress amplitudes of Part 3, section 3 can
be usedl to evaluate the vibrational stresses. The accelera-
tion lirpits discussed below provide a simplified method
for qujckly determiining acceleration limits for these
types ¢f installations.
The equationfor peak acceleration, @y, limits in units
of g is
Sl X z
AT a X K, X Welg T
where
Cy, K, = stress indices defined in Part 3, para. 3.2.1
Lg = a conservative value for the effective length
in inches (meters) from the branch connec-
tion (at the location of the girth fillet weld)
to the center of gravity of the masses that
make up Wr
Se = alternating stress from Part 3, para. 3.2.1
Wy = the total weight in pounds (kilograms) of

Copyright ASME International
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Some piping configurations and operating conditions, for
example, instrument lines branching off process piping, can be
excited in higher-order modes (i.e., one or more node points exist
between the branch connection and the measurement location).
This type of vibration is indicated by large accelerations
occurring along with small displacements at locations several
feet from the branch connection. In addition, local effects can
result in high accelerations that are transmitted through the shell
and do not affect the global structural vibration mode of the small
branch piping. The criterion presented in this Nonmandatory
Appendix is not applicable for this type of vibration; however,
if used, the acceleration limit should be conservative. In general,
more detailed analyses are required to evaluate the vibration.

Not for Resale
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Fig. I-1 Determination of Lz and Wy

where
W = weight of pipe-within length L¢
c = weight.of contents within length L
W, = weight-of insulation within length L
Wy Wy W, = welight of concentrated masses (valves, fittings, flanges, etc.)
Wy = aweight of pipe, contents, and insulation outside length L to first rigid support or snubber in direction of vibrat
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Part 12
Loose Part Monitoring in Light-Water Reactor Power Plants

1 INTRODUCTION
1.1 S¢ope

This| Part establishes the requirements for loose part
monitgring in light-water reactor (LWR) power plants.
Loose part monitoring is required for the reactor vessel
and primary coolant system in a pressurized water reac-
tor (PWR) and the reactor recirculation system in a
boiling-water reactor (BWR). This Part establishes moni-
toring |methods, intervals, parameters to be measured
and evaluated, and records requirements.

1.2 Oyerview

Loope part monitors (LPMs) provide a means for
detecting and evaluating metallic loose parts through
analysjs of transient acoustic signals produced by loose
part injpacts. Installed systems use an array of externally
mounted accelerometers located where loose parts are
most ljikely to collect. Most systems include automatic
annunfiation (audible and visual) of a potential loese
part, ahdio monitoring, and both automatic and manual
signal frecording.
false alarm rates have been the major generic
for LPMs and have reduced cénfidence in the

loose gaxt monitoring is unique, some terms may deviate
from deefinitions used in othe cals wi
loose part monitoring system instrumentation and its
installation; it is intended that section 4 serve as the basis
for the design and installation of new or replacement
systems. Section 5 presents the basis for a comprehensive
loose part monitoring program and is intended for use
with all current and future systems.

nothe 3 e on4 dea a

2 DEFINITIONS

These definitions are provided to ensure a uniform
understanding of selected terms used in this Part.

accelerometer: a transducer, typically piezoilectric, for
converting acceleration to an electrostatic charge.

active channel: an LPM channel used by/the algrm annun-
ciator circuitry.

A/D: analog to digital.
ALARA: as low as reasonably achievable.

alarm condition: the LRM-state indicating thalt the alert/
alarm processor has detected characteristic§ indicative
of a loose part.

alert/alarm précessor: a device to process alert signals to
discriminate between a valid loose part evenf and a false
alarm,

alert evel: a preestablished value against which the con-
ditioned transducer signal level is compared|to indicate
the possibility of a loose part.

background noise: the combination of flow, stryctural, and
electrical noise.

baseline: reference data used for system pgrformance
evaluation and signal analysis.

break frequency: the frequency at which the sighal is atten-
uated by 3 dB relative to the passband.

BWR: boiling-water reactor.

calibration: a test during which known inputs jare applied
to a component and corresponding output readings are
recorded to establish a baseline to compare with a pre-
viously established baseline or to adjust the component
within specifications.

collection region: a region within the primary reactor cool-
ant system in which loose parts tend to colledt as a result
of localized low flow rates or mechanical obstructions.

{he acoustic
loose part

delay time: the difference in time required for

ave initiated by an impact to reach differen
Sensors.

dynamic range: the useful range of an electronic instru-
ment over which the signal information is not compro-
mised by instrument overload (distortion) or by
electronic background noise.

electrical noise: any spurious electrical signal that contam-
inates the transmission, measurement, or recording of
the desired signal.

false alarm: an alarm that occurs when there is no loose
part; two types are addressed by this Part.
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Type 1: a system alarm to a nonimpact signal, such as
electrical noise.

Type 2: a system alarm to a metallic impact signal that
is not a loose part.

field cable: the signal cable connecting the remote charge
converter/preamplifier to the signal-conditioning and
processing equipment.

field equipment: that portion of the installed LPM not in
the control cabinet.

ASME OM-2012

PSD: power spectral density.
PWR: pressurized water reactor.
RCP: reactor coolant pump.
RCS: reactor coolant system.

remote charge amplifier: a device that accepts the electro-
static charge output from a piezoelectric accelerometer
and produces an amplified voltage output; these devices
can accept a wider range of input resistance and capaci-
tance than a remote charge converter/preamplifier and

filter: a de
basis of th
(or more)

componen

Vice for selecting signal components on the
eir frequency. It allows components in one
requency band(s) to pass while attenuating
s in other frequency bands.

typically provide variable gain.

remote charge converter/preamplifier: a charge\conyersion
device that accepts the electrostatic charge outpiit from
a piezoelectric accelerometer and provides a low mped-

flow noise: dcoustic energy generated by the flow of cool-  ance output signal for transmission to contro] room
ant in the primary coolant system. electronics.

frequency domain: the characterization of a signal as a  resonance: the condition in which the natural frequency
function of frequency. of a mechanical system isimidtched in frequency by an
¢: the unit|of acceleration due to gravity at the earth’s lextei.‘n;:}IIV1brat101rz1 stlmulust, }fesul.tmg in higher vibration
surface, wlich for engineering purposes is 32.17 ft/sec’ evels than woulc QU otherwise.

(9.81 m/ s2). signal conditioner:a device that converts the signal trans-

le: coaxial or triaxial cable with one or more
hs insulated from the conductor by a mineral
type of cable is used to transmit the acceler-
nal to a charge conversion device in high
e, humidity, and/or radiation environments.

hardline cal
metal shea
oxide; this
ometer sig

temperatu
impact enerRy: the kinetic energy of an impacting object.

impact test:
response ¢

a test to determine system functionality and
haracteristics to a known metallic impact:

d hammer: a hammer instrumented( with a
to convert the hammer impact forceor energy
Ctrical signal.

instrumentd
transducer
into an ele

IRIG: inter;
lishing pe
recording ¢

range instrumentation group,a’group estab-
rformance specifications for analog tape
pquipment.

loose part: fwo types are addressed.

mitted from theé\remote charge converter/preamplifier
to a form suitable for detection and recording; it mfay also
provide electrical power to a remote charge conpverter.

signal«te-noise (S/N) ratio: the ratio of signal amplitude

to.neise amplitude.

t of an
thin its

slew rate: the maximum rate at which the outpy
electrical device can change while operating wi
linear range.

ansmit
charge
b mini-
tant to

softline cable: coaxial or triaxial cable used to ti
the charge signal from an accelerometer to a
conversion device; these cables, specially treated t
mize triboelectric noise, are flexible but less resis
heat and radiation than hardline cables.

threshold detector: a circuit or device that monifors an
LPM channel and provides an indication when th¢ signal
exceeds the alert level.

free: a mietallic object that\is disengaged and free to  time domain: the characterization of a signal as a fynction
drift. of time.

ca;};tzve: 4 constrajned metallic part that can impact ;507004ric oise: the charge signal generated by|move-
nearby coriponents: ment of the signal cable.
LPM: loos¢ pattnonitor. white noise: a random signal characterized by constant
LWR: lighttwater reactor spectral density independent of frequency.

OTSG: once-through steam generator.

passive channel: an LPM channel that is not used by the
alarm circuitry but that may readily be placed in service
if needed.

power spectral density: the real-valued continuous func-
tion of frequency, presented with frequency on the hori-
zontal axis and density on the vertical axis. The units
of density are those of the data squared per unit of
frequency; for example, for acceleration data in g the
units would be gz/ Hz.
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4.2.1 Accelerometer. The general requirements for
piezoelectric accelerometers are as follows:

(a) sensitivity: fixed, in the range 10 pC/g to 50 pC/g

(b) working range: 0.01 g to 100 g peak

(c) charge temperature response: less than +15% from
60°F to 625°F (15.6°C to 329.4°C)

(d) radiation resistance: vendor tested for use in a
nuclear environment

(e) operating temperature range: 60°F to 625°F (15.6°C

00400

Stre¢t, NW, Washington, DC 20401 (www.gpo.gov).

4 EQUIPMENT
4.1 General

Thislsection describes the major components of a loose

to-3294°C)

(f) frequency response: flat within -5% to
5 Hz to 8 kHz, uniformly increasing responsg to the first
resonance (first resonance greaterhan 20 kHz)

(¢) electrical/mechanical: case\isolated from signal
ground (see para. 4.3.6)

(h) calibration: performedby the manufac

+10% from

urer or rec-

part mpnitoring system: the sensor array and its cabling; ~ ognized test/calibration-laboratory using a procedure
the sighal processing, detection, and data recording sub-  that incorporates ANSI"52.11-1969
systenys; analysis equipment; and documentation. Con- .
cern for personnel radiation exposure and safety has 4.2.2 Accelerpmeter Mounting. There are two
been ificluded in developing system requirements. acceptajble mountm.g methods

Reagtor coolant system background noise makes the (a) direct{mounting: stud mount the acgelerometer
detectjon of loose parts difficult because it masks the ~ directly to'the component as shown in Fig. |5.
noise generated by loose part impacts; it is a composite (b)> fixture mounting: stud mount the acgelerometer

of noise from sources such as coolant flow and mechani- to@ mounting fixture attached to a component by

cally dnd hydraulically generated vibration. Typically, _si€chanical means such as straps, clampsy or welds.

backgiound noise extends over a very wide frequency, Accelerometers may be mounted to bolts that are then

band ut may have significant peaks in narrower fre= inserted into existing threaded holes in primjary coolant

quency bands. system components. Figure 6 shows one ¢xample of
Waveforms from impacts near an accelerometeér are fixture mounting.

signififantly different in character than the packground In no case shall accelerometers be malgnetically

noise, ps demonstrated in Fig. 1. However, impacts far-
ther frpm the accelerometer (typified by the one shown
in Fig.2) are more difficult to detect bedause characteris-
tics such as the impact shape become less distinct and
the anjplitude is decreased.

Imphct signals contain significant information about
the sige of the impacting object and the impact force
rgy. The generdl tange of loose part impact signal
de and frequency content for masses between

mounted because of the poor frequency response
obtained and the difficulty in maintainjng a tight
mechanical connection.

4.2.3 Accelerometer Installation. Installation of
accelerometers shall conform to the [following
requirements:

(a) Use only the mounting studs provi
accelerometer manufacturer or mounts fabri
manufacturer’s specifications to preclude ac
damage and to ensure proper acoustic coup

led by the
rated to the
elerometer
ling.

struck jandrthe impacting object further affect the impact (b) The manufacturer’s recommendationg for sensor
signal installation shall be followed (including torgue value).
for—Themmoumntir 1323 surfaceshattbefimishedto a surface

4.2 Field Equipment

This part of the system is composed of an externally
mounted accelerometer, a sensor cable, a remote charge
converter /preamplifier, and a field cable to the control
cabinet electronics. Alternatively, a remote charge ampli-
fier may be used instead of a remote charge converter/
preamplifier. See Fig. 4 for details. Field components
shall be selected to perform in the temperature/
humidity /radiation environments normally expected at
the chosen location.
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roughness of 125 pin. (3.2 pwm) rms or better.

(d) Acoustic couplants shall not be used because they
degrade in the harsh environment.

(e) The mounting hole shall be perpendicular to the
mounting surface within +1 deg.

(f) Mounts shall be drilled and tapped so that the
stud does not bottom in its hole.

(g) The threads shall be visually verified to be clean.

(h) Drilled-and-tapped or weldment mounts shall
conform to ASME Code requirements.
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Fig. 1 Typical Broadband Sensor Response to Nearby Impact
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Fig. 2 Typical Broadband Sensor Response to More Distant Impact
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Fig. 3 Range of Loose Part Signal Amplitude and Predominant Frequency Content
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Fig. 5 Direct Stud Mount
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Table 1 Recommended PWR Accelerometer
Locations

Location Number of Sensors

Reactor vessel, upper
Reactor vessel, lower

Steam generator (each)
Reactor coolant pump (each)

=W W w

PART 12 (STANDARDS)

one accelerometer should be located at the lower tube
sheet. Figure 8 shows the recommended array for an
OTSG.

Install one accelerometer on each reactor coolant
pump. The sensor should be mounted to a lifting lug
or other location on the pump bowl. The location should
be selected to avoid sensor damage during pump
maintenance.

4.2.5 Accelerometer Locations — BWR. For BWR

(i) (lamped fixtures mounted on cylindrical surfaces
shall have a two-line contact surface similar to that
shown in Fig. 6.

(j) Nounts and fixtures shall be designed to compen-
sate for thermal expansion so as to provide an approxi-
mately constant holding force throughout the operating
temperature range.

(k) $ensors shall be protected from mechanical dam-

appcatiorns,; tie Tecommended Sensor totations are
specified in Table 2.

Accelerometers mounted at the main st¢am outlet,
feedwater inlet, and recirculation water’outlef elevations
shall be attached to convenientnozzles (such as instru-
ment taps) as close to the vessel\as possible. When possi-
ble, avoid pipes and lineswith flow during operation.
The locations selected shall have good acoustjic coupling
to the reactor vesselrard should be equallly spaced

age. Enclosures or covers of sufficient size foraccessand .04 the circumf&rence. The three lower viessel accel-
maintgnance shall be used for accelerometers mounted oo meters shalk be-mounted to the contro] rod drive
externpl to mirror insulation. Mounting under mirror  p,,,qinog as fisar the reactor vessel as praftical; they
insulafion without an addltlgnal enclosure is a.cceptat)le. should be @pproximately 120 deg apart and placed on

() Hnclosures and conduit shatl be acoastlcally 180 peripheralrdrive housings. Figure 9 shows [the recom-
lated ffom the accelerometer and its mounting. Accept- [ ond&d“BWR sensor array.

able agoustic isolation may if‘dude a flexible conduit. Ingtall one accelerometer on each recirculation pump.
. (m) [The area in the vicinity of the sensor shalt be  The sensor should be mounted to a lifting Ilig or other
inspected for loose metallic components (e.g., insulation, location on the pump bowl. The location|should be

identiffication tags, and chains) that could impact on or
near ajsensor. All loose components shall be restrained.

4.2L4 Accelerometer Locations — PWR. In-PWR
applichtions, the recommended sensor locations for
detectjon and analysis of metallic impact signals in the
RCS ate listed in Table 1. Care should be,taken to select
locatigns that are accessible from permanently installed
ladderp and platforms.
The fthree upper reactor vessel accelerometers shall be

selected to avoid sensor damage during puinp mainte-
nance. Install one accelerometer on each r¢circulation
loop discharge pipe near the recirculation header.

4.2.6 Sensor Cable. The cable between| the sensor

and the remote charge converter /preamplifig
charge amplifier shall be of a type designed f
low level charge signals generated by acce
Low noise, hardline cable is required und
insulation covering components and piping

T Or remote
or use with
lerometers.
er thermal
High tem-

located at approximately 120-dég intervals around the perature, low noise softline cable may be uged outside
top of the vessel or the reactor vessel head at an elevation this region when the temperature is less than 400°F
no higher than the liftifig:lugs. Lifting lug mounting, if (204°C). Hardline cable lengths greater than 20 ft (6.1 m)

used, $hall be such~that it does not interfere with the

are discouraged. Connection locations sho|
access for inspection and maintenance.
The sensor cable shall be completely encld

uld permit

sed in con-

guide fubesswithin 18 in. (0.45 m) of the reactor vessel. it To prevent ground loops and to providd additional
The a acoustic isolation, the hardline cable sheath and interme-
apart 4 emperature-

the vessel axis. In plants w1thout lower Vessel incore
guide tubes, the lower reactor vessel accelerometers
shall be mounted to the reactor vessel.

For U-tube steam generators, mount one accelerome-
ter above and one below the tube sheet in a vertical
array on the primary inlet side. The third accelerometer
shall be mounted on the shell near the top of the tube
bundle. Figure 7 shows a typical sensor array for U-tube
steam generators.

For OTSG, two accelerometers should be located near
the upper tube sheet, approximately 180 deg apart, and
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and radiation-resistant material to avoid contact with
the conduit. Triaxial hardline cable affords additional
protection against ground loops. Protection against chaf-
ing of the cable and insulation at the conduit exit points
is required.

4.2.7 Remote Charge Converter/Preamplifier. The
remote charge converter shall be located as close as
possible to the accelerometer without surpassing the
temperature and radiation limitations (including radia-
tion from withdrawn incore detectors). The converter
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Fig. 7 Recommended Sensor Array for PWR With U-Tube Steam Generator
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Fig. 8 Recommended Sensor Array for PWR With Once-Through Steam Generator
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GENERAL NOTE: #p = LPM sensor

Table 2 Recommended BWR Accelerometer
Locations

Location Number of Sensors

Main steam outlet elevation
Feedwater inlet elevation
Recirculation water outlet elevation
Recirculation pump (each)
Recirculation discharge pipe (each)
Reactor vessel bottom

W R R NN
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Fig. 9 Recommended Sensor Array for BWR
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shall be mounted inside a junction box to provide physi-
cal protection. Safe personnel access to the junction
boxes from permanently installed ladders and platforms
shall be provided. Remote charge converters shall meet
the following requirements:

(a) operational temperature: 60°F to 212°F (15.6°C to
100°C)

(b) gain: fixed, in the range 1 mV/pC to 10 mV/pC

(c) radiation resistance: vendor tested for use in a
nuclear_environment

PART 12 (STANDARDS)

Filters may be either fixed or selectable with the sug-
gested high-pass break frequency between 500 Hz and
2 kHz and the low-pass between 8 kHz and 12 kHz.

(c) Test connector providing unfiltered or selectable
filtered /unfiltered signal for analysis and recording.

(d) Dynamic range: signal level equivalent to at least
100 g peak in the least-sensitive range.

(e) Output shall be calibrated in units of g/V.

(f) Over-range and under-range indication (unless
provided in either the detector or discriminator cir-

(d)
to 20 K

(e) i

requency response: flat within +5% from 5 kHz
Hz
hput resistance and capacitance: compatible with

cuitry) or signal level indication.
(g) Convenient measurement of~temgte charge
converter/preamplifier bias voltage/dr curr¢nt.

combined accelerometer/sensor cable values at maxi- (h) Convenient indication of gain or range if exter-
mum ¢perating temperature nally adjustable.
(f) ipput range: charge equivalent to at least 100 g (i) Electrical compatibility with accelerqmeter and
peak without overload charge converter.
(g) ¢lectrical: installed so that both the signal and (j) External controls affecting calibration|and alarm
refererjce are isolated from ground setpoints shall betdesigned to prevent inadvertent
(h) putput: capable of driving the combined field  movement.
cabling and control cabinet electronics load at a signal 4.3.2 Threshold Detector

level g
slew-r

f 100 g peak and 20 kHz without amplitude or
hte limiting

(a) Each‘channel shall have a separate| threshold

adjustment.

4.218 Remote Charge Amplifier. Remote charge (b)>Detector may use either absolute or variable level
ampliffers may be used outside containment and shall detection. techniques. .
notbe pised in containment unless they meet the environ- (c) Variable alert levels shall be proportipnal to the

mentall requirements for remote charge converters.
Remote charge amplifiers shall meet the following
requir¢gments:

(a) gperational temperature: 60°F to 130°F (15:6°C to
54.4°C|if used outside containment)

(b) gain: selectable, in the range 1. mV/pC to
10 mV|/pC

(c) frequency response: flat within+5% from 5 kHz
to 20 kHz

(d) input resistance and capacitance: compatible with
combifed accelerometer/Sensor cable values at maxi-
mum ¢perating temperature

(e) ihput range: chdrge equivalent to at least 100 g
peak without overlead

(f) dlectrical{installed so that both the signal and ref-
erence|are iselated from ground

(g) putput: capable of driving the combined field

Cablino and control cabinet electronic load at a Qignn]

magnitude of the band-limited background

4.3.3 Alert/Alarm Processor

(a) Rejects alert patterns not meeting pre
criteria.

(b) Automatic alert reset if alarm criteria 4

(c) Visually indicates channel(s) in an aler

(d) Indication of the first channel to alert

(e) Audibly indicates that the system is in the
alarm state.

(f) Manual alarm reset in the control cabinet.

(g) Automatic initiation of data recording or storage
when the alarm condition is entered.

(h) Alarm indication to the plant ann@inciation/
computer system; the alarm shall be annuncjated in the
control room on a unique (nonganged) alarm.

pstablished

re not met.
t condition.

4.3.4 Recorder. The system shall be capaple of auto-
matically recording the initiating event and for 2 min

level of 100 g peak and 20 kHz without amplitude or
slew-rate limiting

4.3 Control Cabinet Equipment

4.3.1 Signal Conditioner. The signal conditioner
shall incorporate the following features:

(a) Frequency response: flat within +5% from 5 kHz
to 20 kHz.

(b) Filters: 18 dB/octave or greater attenuation rate
with minimum stop band rejection of at least 60 dB.
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to 5 min after the event. The filtered signal shall be
stored in a format such that it can be electronically repro-
duced for further analysis. It may be necessary to use
both a transient recording device to capture the initial
event and a second device for continuous recording. The
continuous recording device may be either analog or
digital.
(a) Transient Recorder

(1) trigger data storage on alarm

(2) pretriggering to ensure capture of entire
waveform

Copyright ASME International
Provided by IHS under license with ASME

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

PART 12 (STANDARDS)

(3) data storage shall continue until the continuous
recorder is operating

(4) 50 kHz sampling rate per channel (minimum)

(5) 12 bit A/D converter (minimum)

(6) simultaneous recording of all signal channels
required in para. 4.2.4 or 4.2.5

(b) Continuous Analog Recorder

(1) frequency response: flat within +5% from 1 kHz

to 10 kHz, recommended to be flat within +10% from

ASME OM-2012

common-mode failure. Fiber optic cable may be used in
appropriate environments.

4.4 Analysis and Diagnostic Equipment

4.4.1 General. The instrumentation needed to per-
form the various analyses described in this Part include
a data recorder, a digital oscilloscope (or similar instru-
ment to capture transient waveforms), a frequency ana-
lyzer, and a printer/plotter to supply a hard copy of

1 Hz to 20ddHz~+(additional-specification)

(2) sithultaneous and continuous recording (for at
least 2 min) of the channels required by para. 4.2.4 or
425

(3) redorder configured to IRIG standards

(4) regording of a time code providing date and
time to thq nearest second

(c) Conttnuous Digital Waveform Recording

(1) sirhultaneous and continuous recording (for at
least 2 min) of the channels required by para. 4.2.4 or
425

(2) 50

(3) 12

(4) red
time to the

kHz sampling rate per channel (minimum)
bit A/D converter (minimum)

ording of a time code providing date and
nearest second

4.3.5 Apdio Monitor. The audio monitor shall incor-
porate the [following features:

(a) amplifier frequency response: flat within +1 dB
from 30 Hz to 15 kHz

(b) headphone output

(c) speaker frequency response: rated responsé.from
100 Hz to [I5 kHz

(d) switg¢hing capability to permit audip ‘monitoring
of any LPM channel or previously recorded channel

(e) inpufs shall be selectable to petmit use of either
the signal fonditioner unfiltered output or a normally
filtered oufput

(f) volume control independent of signal condi-
tioner gain

4.3.6 (abling and\Grounding. The LPM shall be
designed tp provide adequate signal shielding and to
avoid groynd leeps. For systems using single-ended
remote chhrge’Converters/preamplifiers, the system
shall be indtalled with a single point ground at the con-

analyzed data. Multifunction instruments that,perform
one or more of these functions may be used/|in lieu
of individual instruments. This instrumentation|can be
included in the control cabinet electronics and fay be
used for diagnostics if analysis doesnot require femov-
ing the LPM from service.

4.4.2 Data Reproducer. (Separate data reprodquction
equipment compatible with-para. 4.3.4 shall be available
for diagnostic analysis if\the control cabinet recdrder(s)
cannot be used for{diagnostics without compromising
the LPM detection and alarm functions.

4.4.3 Waveform Analyzer. The waveform analyzer
shall have

(a) minimum of two channels

(b), variable sampling rate, with a maximum sa
rate'no less than 50 kHz per channel

(c) capability to store and display waveforms con-
taining no less than 4,000 points per channel

(d) capability to store and display captured tr
waveforms in adjustable time spans from a
10 to 40 ms

(e) pre- and post-trigger capture feature

(f) 12 bit or higher A/D converter resolution

(g) ability to trigger on selected channel or on ¢
trigger

(h) adjustable trigger threshold

mpling

hnsient
t least

Kternal

4.4.4 Frequency Analyzer. The frequency amalyzer
shall have

(a) frequency range: 0 kHz to 25 kHz, min.

(b) 12 bit or higher A/D converter resolution|

(c) summation averaging selectable in steps u
least 256 samples per average

p to at

trol cabinet. The accelerometer, sensor cable, remote
charge preamplifier, and field cabling shall be electrically
isolated from building or safety grounds.

The field cabling shall be twisted, shielded-pair-type
or triaxial-type cable. The shield shall be electrically
isolated from both the signal and signal reference leads
and shall be grounded in the signal cabinet. Signal and
shield integrity shall be maintained through penetra-
tions, and only instrument-quality, low-level signal pen-
etrations shall be used. Channels monitoring a single
collection region shall be routed separately to minimize
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(d) minimum resolution of 256 points in the frequency
domain or zoom capability with 1 Hz resolution

(e) automatic indication and selectable rejection of
overload signals

(f) ability to store frequency domain results for com-
parison to other data

(g) ability to process nonzero mean time value signals

4.4.5 Hard Copy. A printer or plotter that is capable
of producing annotated hard copy information from the
time and frequency domain analysis equipment.
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5 PROGRAM ELEMENTS

5.1 General

This section is intended to assist nuclear utilities in
implementing a program to detect and diagnose loose
parts.

5.2 ALARA

An LPM program will require occasional work in radi-
ation areas. Those activities should be closely coordi-

PART 12 (STANDARDS)

(d) Sensor

(1) Verify sensor frequency response, amplitude
linearity, and sensitivity. Test instrument system accu-
racy shall be +5%. Sensor excitation may consist of either
a continuous frequency sweep at a single acceleration
value or discrete frequencies at a minimum of seven
points distributed over the sensor response range. Sensi-
tivity shall be verified at one or more of the manufactur-
er’s calibration frequencies (typically 100 Hz, 5 kHz, or
10 kHz). Amplitude linearity shall be determined by

nated with plant ALARA programs. In particular, the
followjng should be implemented:

(a) Equipment used in the LPM should be reliable to
imjize the need for maintenance.
PM containment components should be easily

maner|t ladders and platforms to reduce personnel time
in confainment.

(d) [Charge converters/preamplifiers should be
mounted in locations that serve to reduce personnel
exposyre and to increase equipment reliability.

(e) Maintenance and calibration should be planned
and, iffnecessary, practiced outside containment to mini-
mize gersonnel time in containment.

(f) Test and replacement equipment should be
checkg¢d carefully for operability prior to entry into
contaipment.

5.3 Precautions

Higlh voltages may be encountered during procedures

ted to ground before connection to other equip-
ersonnel preparingsspecific procedures based on
rt shall ensure‘that voltages produced by
impedpnce-measuring devices will not damage the com-
ponents under test(

5.4 Calibration

5.4.1 Initial Installation. Initial calibration of the
LPM glectronics shall be performed prior to baseline

measuring at 0.1 g and 10 g at approximafely 5 kHz.
It is recommended that the method used'he in accor-
dance with ANSI 52.11-1969.

(2) Measure the resistance and, capacithnce of the
sensor. To prevent component damage, consplt the sen-
sor vendor for the correct pfocedure.

(3) If an accelerometer'is dropped or|physically
damaged, do not use it titil it is retested by the continu-
ous sweep methodand verified to be undamaged.

(4) After the sensor and cabling to the ¢harge con-
verter/preamplifier have been installed, measure the
resistance and/capacitance of the sensor/s¢nsor cable
combination at the input to the charge conyerter.

(5)\Once installed, never remove the sensor except
for neplacement. Sensors shall not be replacefl routinely.

(e) Field Cabling. With the field cabling disconnected
at the control cabinet and at the remote dharge con-
verter/preamplifier, measure the cable propgrties (typi-
cal for twisted, shielded-pair cable) shown in Fig. 11.

Do not use more than 50 V in determining resistance.
Use either a bridge-type instrument or capacifance meter
verified to be accurate for measuring capacitgnce in long
cables.

5.4.2 Replacement. Perform the appropfiate prein-
stallation and impact tests for any repaired pr replaced
component. The impact location(s) shall bg consistent
with the requirements set forth in para. 5.5.3 pf this Part.
A single mass in the 3 Ib to 5 1b (1.4 kg to 2.B kg) range
as specified in para. 5.5.4 is recommended.

5.5 Baseline Impact Testing

5.5.1 General. Data acquired in the baseline test
program are used in the analysis and diagnosis of anom-
alous noise in the reactor system. The baselipe test pro-
gram should be implemented prior to ifitial LPM

testing.

(a) Control Cabinet Electronics. Perform vendor-
recommended calibration.

(b) Charge Converter/Preamplifier. Prior to installation,
verify the conversion ratio (mV/pC) and determine the
frequency response (over the range of 5 Hz to 20 kHz)
using a simulated charge input. The block diagram is
presented in Fig. 10.

(c) Sensor Cable. Measure the open-circuit resistance
and capacitance of the sensor cable (consult the cable
vendor for the correct procedure).

157

operation, and is required after changeout of any compo-
nent upon which an LPM sensor is mounted.

The purpose of impact testing is

(a) to determine system sensitivity to impacts of
known energy or force at known locations

(b) to characterize transducer response to impacts
from objects of different masses at known locations

(c) to verify the capability to discriminate primary-
versus secondary-side impacts in steam generators and
the capability to determine the approximate impact loca-
tion in the reactor coolant system
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Fig. 10 Block Diagram for Charge Converter Calibration Tests

Signal Il Note (1) Charge Power N )
generator 11 converter supply ote (2)
O TP O TP2
Measuring
instruments

NOTES:
(1) 1,000 pFtypical; consult charge converter vendor for specifics.
(2) Use LPM [signal conditioner if possible.

The implact amplitude shall be calculated using the
test weighf mass and distance through which it falls if a
pendulum{ drop method is used. The impact amplitude
can be mepsured electronically when using an instru-
mented hanmer as the stimulus.

5.5.2 Blant Conditions. Impact testing should be
performed|during cold shutdown; calibration at higher
temperatufes is discouraged for safety reasons. Reactor
coolant system water levels should be as close to normal

operating levels as possible.
5.5.3 Impact Locations. At least two impact test
locations dhall be selected and documented for each

natural col]ection region and the secondary-side of each
steam gendrator. The impact locations shalinot be within
3 ft (0.91 1h) of any sensor. Since ene impact point in
each collection region (except theteactor vessel bottom)
is intended to be used for periodic impact testing, ease
of access shall be considered.

5.5.4 Td¢st Weights/Hammer Masses. A range of test
uld be used*to define channel response over
ed frequency band (refer to Fig. 3). Recom-
mended wleights-for the ball or hammer are 0.5 Ib to
1.01b, 3 Ib [to;51b, and 10 1b to 20 1b (0.23 kg to 0.45 kg,

(a) Normalized response outputs shall be provjded in
one or more of the following frequency domain f¢rmats:
(1) forceshammer: frequency response functipn dis-
playing the ratio of acceleration (response) to force
(input).
(2) ball: auto spectral plots of each sensor regponse.
A digital Fourier transform method shall be @ised to
calculate the spectrum. Appropriate transfornm block
lengths or an exponential weighting function shall be
used to ensure that the amplitude of the signal at the
end of the transform data block is less than 109 of the
peak amplitude.
The analysis results should be in engineering units.
The preferred engineering units for spectral plpts are
g?/Hz or g/Hz/? and for the frequency responsp func-
tion are g/Ib. The preferred units for PSD are g*/Hz.
Some PSD systems may also use units of g/(Hz)"/2.

(b) The delay times between the wave arrival af differ-
ent sensor locations should be measured for all channels.
The measurements should be relative either to thelsensor
closest to the impact point or to the instrunented
hammer.

(c) The primary signal frequency content shquld be

1.4 kg to 2.3 kg, and 45 kg to9:0 kg, Tespectivety)TFor
each test weight at least three impact amplitudes should
be used. To prevent or minimize surface marring, the
test weights and hammer tips should be fabricated from
metal slightly softer than the surface to be struck.

5.5.5 Impact Test Analysis. Impact test data shall
be reduced and analyzed at the completion of the test
data acquisition program. The purpose of this analysis
is to determine the response to known metallic impacts
and to provide reduced reference data for use in
diagnostics.

identified for impacts generated by each mass, and sen-
sor mounted and crystal resonances should be identified
for each sensor. The analysis displays shall extend to
less than 10 Hz.

Each LPM channel peak response shall be measured
for every impact. The corresponding peak input level
shall also be documented for each impact. Peak ampli-
tudes for multiple impacts at a single test condition
should be averaged. The average, high, and low values
for each sensor and test condition should be
documented.
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Fig. 11 Cable Properties

(Typical for Twisted-Shielded Pair Cable)
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Prior to performing time domain analysis, low-pass
filter the signal to reduce the effect of the sensor reso-
nances. Time domain plots should be displayed with
time on the horizontal axis and signal magnitude on the
vertical axis. The signal magnitude shall be plotted in
g units, although units of volts are acceptable if the
waveform analyzer cannot perform engineering unit
conversions (in this case, the relationship between volt-

age and acceleration shall be noted on the plot).

A\

Meter
N
5.6 Initial LPM Setpoints
. . . At the onset of initial RCS flow and-~as‘hd
(a) Signal Pair Loop Resistance ‘v that the LPM ch 1
(Typical <20 Q) resses, verify that the channels are ops
may be done by measurement «and trendi
~ values and identification (and documentatio
(] ) Meter structural resonance characteristics.

In the event of prolonged reactor startup

(Typical <20 Q)

(b) Conductor-to-Shield Loop Resistance

power operation, the. EPM setpoints shou
mized as conditionswarrant. Within 2 weeks
ing full-power opération, a review of the m
coolant system background noise should bg
At that tim€) MM systems having adjustabll

AN

)

)

_ 1V

A

Meter

filters shall be adjusted for optimum noise
each channel. The low-pass break frequency
be l¢ss than 8 kHz nor the high-pass greater

(Typical >200 Q)

(c) Conductor-to-Conductor Resistance

except as necessary to reject interfering b
noises having an adverse effect on sensitiv
alarm rates; but, in no case shall the bandpass
to less than 5 kHz. Systems with fixed high

A\

)

N\

Meter

pass filters should use 1 kHz and 10 kHz as
tive high- and low-pass break frequencies. Th
settings shall be included in the system doc

(d) Conductor-to-Shield Resistance

(Typical >200 Q)

package.

Both absolute and variable (floating) thres
tor alert levels shall be set initially to thre
long-term, band-limited background noj

N

)

)
|V

\ A

Meter

power operation to 1 g or to the manufactur
mendation. Individual channel threshold
points) shall be adjusted after reaching powse

(Derive from Vendor Data)

(e) Conductor-to-Conductor Capacitance

so that the system false alarm rate caused
false alarms is approximately one event eve

atup prog-
brable. This
hg of RMS
n) of major

or reduced
d be opti-
after reach-
hjor reactor
e complete.
e bandpass
rejection in
should not
han 2 kHz,
pckground
ity or false
be reduced
- and low-
the respec-
e final filter
imentation

hold detec-
b times the
se level at
er’s recom-
evels (set-
r operation
by Type 2
ry 2 weeks.

After establishing the rate, verify that the thgeshold lev-

els necessary to achieve the rate are not so| high as to
compromise sensitivity to potentially damaging loose
£ o parts. For floating systems, this may be ac¢gomplished
%% >/ VIeter by ensuring that the effective threshold setpoint (back-
ground level multiplied by the floating threshold ratio)

(f) Conductor-to-Shield Capacitance

(Derive from Vendor Data)
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does not exceed 1 g. If the setpoint exceeds 1 g, the
system installation and/or the reason for excessive vari-
ation in the background noise should be investigated
and corrective action taken.

5.7 Heat-Up and Cool-Down Monitoring

During plant heat-up and cool-down, RCS noises dif-
ferent from those during normal operation will be pres-
ent. It is also a period of time during which the

Not for Resale


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

PART 12 (STANDARDS)

probability of a loose part is greater than normal. There-
fore, during plant transient operation it is recommended
that the following actions be considered:

(a) Audibly monitor noises during RCP starts and
stops.

(b) Record data during the first RCP start, first shut-
down, and last shutdown of a cycle.

(c) Monitor each shift in accordance with para. 5.8.2.

5.8 Periodic Monitoring and Testing

ASME OM-2012

(a) Perform the weekly test for all channels, both
active and passive (if present).

(b) Record background from each sensor shall be
recorded for trend analysis as specified in para. 5.8.5.
The data should be maintained in a retrievable format
(e.g., disk, magnetic tape).

(c) Compare spectra from each channel with data
from the two preceding quarterly functional tests. The
comparison should include spectral response in the
range of the RCP blade-passing frequency, known struc-

Periodic [monitoring of the RCS is an integral part of
an effectivg loose part program; periodic testing of an
LPM provides the basis for determining system opera-
bility. Both|shall be performed on a shift, week, quarter,
and fuel cjcle basis. System parameters measured or
observed dluring each test shall be documented on a
data sheetfand included in the system documentation.
If during periodic testing the LPM or any LPM channel
is determired or suspected to be inoperable, corrective
action shalll be initiated.

artup. Background from each sensor shall
during initial startup of the system using

tape). It is fecommended that monitoring and recording
be done bgth during hot standby and within 100 hr of
reaching fyll-power operation.

5.8.2 Epch Shift. With initiation of reactor coolant
flow, perfgrm the following:

(a) Verify that the LPM power is on.

(b) Verify that the LPM is in a ready condition(e-g.,
recorder afitostart enabled and inhibits off).

(c) Monitor sound from all active sensorsfEach chan-
nel should be monitored for at least 30 se¢- Noise consid-
ered to bgd anomalous should be dogumented and
evaluated.

5.8.3 Epch Week. With the.reactor in hot standby
or power dperation, perform‘the following;:

(a) Iden{ify and documént'the channels that are being
actively mpnitored.

(b) Mon{tor sound*from all active sensors. Each chan-
nel should pe moritored for approximately 30 sec. Noise
considered| to be-anomalous should be documented and
evaluated.

tural resonances, broad-band flow noisq, and
accelerometer-mounted resonance.

(d) Verify the performance of the installe
recorder(s).

(e) Measure and document the vdltage or current sup-
plied to each remote charge convérter. Adjust the yoltage
or current supply if recommended by the vendor and
document any changes made)

5.8.5 Each Fuel Cycle
(a) Ateach refueling outage, any degradation
components shall be evaluated and documente
evaluation should be based on the following;:
(1) trends*in charge converter supply volt
current
(2) variations in the quarterly spectral dafa that
may\bé indicative of change in the overall resp¢nse of
acehannel
(3) the performance of vendor-recommended cali-
bration of LPM control cabinet electronics
Changes in spectral characteristics or trend informa-
tion shall be evaluated and documented. Unexplained
deviations shall be formally evaluated and cogrective
action taken if appropriate.
(b) As an outage item to be performed immefdiately
prior to heatup, validate the operability of each dhannel
by performing an impact test(s). The impact locqtion(s)
shall be consistent with the requirements set fprth in
para. 5.5.3. A single mass in the 3 1b to 5 1b (1.4 kg to
2.3 kg) range as specified in para. 5.5.4 is recommended.

1 LPM

f LPM
d. The

age or

5.9 Alarm Response and Diagnostics

5.9.1 General. Actions should be taken to| deter-
mine if the alarm has been caused by an actudl loose
part and what the damage potential may be. IData in

(c) Document the status of user controllable set-points
(e.g., gains and filters) and verify that the switch settings
are as intended.

(d) Measure and document the background level of
each active channel using front panel test points or
meters, if provided.

(e) Perform vendor recommended self-test of the LPM
automatic alert and alarm circuitry.

5.8.4 Each Quarter. With the reactor in hot standby
or power operation and with all reactor coolant pumps
running, do the following:
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4] L L 14 1 1 Tote .l 1 ld b

TITCTOTNT OT PTOTS; grapits; arncr ampirtuces—SIT u e
labeled and scaled in units consistent with those in
para. 5.5.5.

5.9.2 Alarm Response. Plant procedures shall
require operator response to all LPM alarms. Initial
alarm response shall include the following;:

(a) Verify that automatic data recording was initiated.

(b) lIdentify and document the unit/channel(s)
alarming.

(c) Reset the LPM.

(d) Listen to all channels.
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(e) If the alarm cannot be reset or recurs within 5 min,
notify the shift supervisor.

(f) Log the signal conditioner gain or range for the
signals recorded if not provided automatically by the
system.

(¢) Note the time of day, the plant condition, and any
significant plant operating changes that occurred before
the alarm.

5.9.3 Diagnostics. LPM alarms that are indicative

PART 12 (STANDARDS)

change in the background. Any change in setpoints shall
be entered in the system documentation.

6 DOCUMENTATION

The LPM operator shall maintain system documenta-
tion containing accurate and complete information per-
tinent to the system, its calibration, and any other
information that would affect measurements, judg-
ments, and calculations made during data analysis. The

of mefatticimpacting shattbefurtherevatuated b - . - .
. b 5 - . . J documentation shall also include the informgtion neces-
appropriate personnel. The objectives of diagnostic eval- . .
uationl are to sary to quickly locate a particular sensor,”¢harge con-
. . verter, or cable junction for mainténance, falibration,
(a) yerify LPM channel operability . . . .
. . . or diagnostics. As a minimum, the. followihg shall be
(b) gstimate the location of the metallic impact based included:

(S)}I:a;(;r sideration of delay time, amplitude, and wave (a) vendor manuals and ¢alibration data.
(c) dstimate impact energy based on initial impact (b) as-built field drawings. Electrical drayvings shall

test d4
(d) ¢

data a

ta
stimate impact mass based on the baseline test
hd measured signal properties including ampli-
tude apd frequency content
(e) eview plant process data for anomalous behavior
(f) feview diagnostic results with plant operation
persorinel

5{9.4 Background Changes and Setpoint

include cabling and condiiit drawings detailihg penetra-
tions, conduit routinig, and junction box|locations.
Mechanical drawings shall include sensor lodations, sen-
sor mount fabrication drawings, and charge|converter/
preamplifiet)locations.

(c) installed (in-containment) component| identifica-
tion tddnelude the device model and serial nfimbers and
types’and lengths of cable used between the gccelerome-
terand the charge converter.

Adjustments. Alarm diagnostics may indicate a change (d) complete photographic documentatior) of the sen-
in plant background characteristics rather than the pres-\“’ sor and charge converter installation (ALARA and safety
ence of a loose part. When this process occurs, the LM considerations may preclude this requiremgnt in some
alarm tate may in time increase to an unacceptable level. existing systems).

Adjusfments are permitted, but the threshold shall not
be incfeased without investigating the redson’ for the

(e) the results of and procedures for all tegts required

by this document.
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Part 16
Performance Testing and Inspection of
Diesel Drive Assemblies in Light-Water Reactor Power Plants

1 INTRODUCTION
1.1 S¢ope

This| Part establishes the requirements for inservice
testing and inspection to assess the operational readi-
ness of certain diesel drive assemblies used in light-
water reactor (LWR) power plants. The diesel drive
assemblies covered are those required to perform a spe-
cific fiinction in shutting down a reactor to the safe
shutdgqwn condition, in maintaining the safe shutdown
conditjon, or in mitigating the consequences of an acci-
dent. This Part establishes inspection requirements,
parampters to be measured and evaluated, and record
requir¢ments.

1.2 Pyrpose

The |purpose of this Part is to provide the principal
inservice tests and monitoring requirements for diesel
drivesjto confirm that they meet their functional require-
ments js part of the overall nuclear power plant desjgn.
This Hart provides methods, intervals, and recerd
requir¢gments for long-term diesel drive trend @nalysis
and evjaluation. The inservice test requireménts provide
the owner/operator guidance for establishing an effec-
tive inservice test and monitoring pregram to ensure
diesel flrive system reliability is retained throughout the
life of fthe plant.

The|owner/operator should maintain the diesel
enging and the associated-driven equipment in accor-
dance [with the recommeéndéd periodic maintenance of
the manufacturer or aSideveloped by the respective die-
sel engine owners group.

1.3 Risk-Informed Analysis

The jprimary: skid-mounted diesel drive in the nuclear

power| plant'is the emergency power diesel generator
Systen Tt has been demonstrated in varigus prn}'\n]’\i]ic_

Part. Since there are varieties of diesel(mgkes, sizes,
applications, etc., each owner/operater. mugt make the
final designation of the applicable diésel'driv¢ boundary.
This Part includes the driven equipment that operates
as a result of work or power developed by|the engine
as the prime mover (e.g., anselectrical genefator or fire
pump). Since the engine canhot be tested indppendently
of the driven equipment; the owner/operatof must con-
sider the effects of insérvice testing on the dijiver equip-
ment (the diese] ehgine and its subsystems),

Typical pringipal equipment for associgted diesel
drive subsystems, as well as the driven equiggment iden-
tified in-Fig~ 1,7 are listed below.

1.4.1 Lubrication Subsystem. Equipmeht includes
(where applicable) the following:

(a) lube oil sump and makeup tank

(b) suction strainers and foot valves

(c) discharge strainers

(d) filters

(e) transfer valves for duplex filter ar|d strainer
arrangements

(f) pressure-regulating, relief, check, and tlhermostatic
valves

(g) standby heaters and thermostat

(h) engine-driven lube oil pumps

(i) circulating (primary or backup) and pr¢lube/post-
lube pumps

(j) all piping, tubing, and associated comjponents

(k) lube oil heat exchanger

(I) instrumentation and controls

(m) flexible hoses

1.4.2 Jacket Water and Intercooler Subsystem.
Equipment includes (where applicable) the following:

(q) jnh](pf water heat ayrh:\ngpr

tic risk assessment (PRA) models that the diesel genera-
tor system should be categorized as high safety
significant component (HSSC) in accordance with
Code Case OMN-3.!

1.4 Subsystems Included in This Part

Figure 1 provides the simplified boundary for the
diesel engine and associated subsystems covered by this

! Code Case OMN-3 provides the Requirements for Safety
Significance Categorization of Components Using Risk Insights
for Inservice Testing of LWR Power Plants.

(b) intercooler systems
(c) radiators and associated fan(s)

2 Figure 1 is a system boundary diagram that shows the compo-
nents of the diesel system. This is similar to the system boundary
identified by USNRC Regulatory Guide 1.9, Revision 3, Selection,
Design, Qualification, and Testing of Emergency Diesel Generator
Units Used as Class 1E Onsite Electric Power Systems at Nuclear
Power Plants. Even though some of these components may not be
physically located on the diesel skid, these components’ design
purpose of solely supporting the diesel qualify them as skid-
mounted equipment.
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Fig. 1 Boundary and Support Systems of Emergency Diesel Generator Systems

Electric Class 1E AC .
power distribution system |~
Emergency diesel generator system boundary

e e o D S N .
1 1
1 EDG |
i | control and Lubrication Governor and Exhaust breaker |
: protection system control system system :
: Bystem ‘t A :
i | _ Y ) i
1 > 1
1
1 Crankcase :
: véntilation > Diesel Engine Generator :
1 Bystem 1
1
. ! :
| A A A A !
: Cooling air Exciter and 1

and ventilation . p voltage !
1 ; 1
1 system Starting Co.mbust|on Fuel oil regulator system |
! system air system Jacket water system !
h and supply and cooling I |
: water system Edel oil :
: storage and :
1 supply I
1
i J

(d) governor oil heat exchanger

(e) standby heater and associated thermostat

(f) keepfwarm water pump

(g) jackgt water and intercooler pumps \(primary or
standby)

(h) thermhostatic valves and check yalves

(i) standpipes and overflow, pressure cap, level indi-
cators, and expansion tanks

(j) piping, tubing, and asseciated components

(k) instrhimentation and\controls

() flexidle hoses

1.4.3 Starting\Subsystem. Equipment includes
(where applicdble) the following:
(a) batteries/charging systems

Cooling water
supply system

(h) instrumentation and controls
(i) flexible hoses

1.4.4 Combustion Air Intake Subsystem. Equjpment
includes (where applicable) the following:

(a) intake air filter

(b) intake air silencer

(c) intake air manifold and all piping, tubing, and
associated components

(d) mechanical blowers, superchargers, and sdaveng-
ing pumps

(e) turbocharger (compressor)

(f) intercooler

(g) instrumentation and controls

(b) electric/pneumatic start motors

(c) air compressors (safety-related only)

(d) air receivers; relief, check, and air-start solenoid
valves; and piping, tubing, and associated components

(e) pressure-reducing valves, shuttle valves, and pres-
sure regulators

(f) air dryers, strainers, filters, check valves, compres-
sor intercoolers and aftercoolers, and air dryer associ-
ated components

(g) air start distributors and associated air injection
valves

(h) turbo boost system (nozzles, hoses, solenoid
valves, air receiver, and compressor)

1.4.5 Exhaust Subsystem. Equipment includes
(where applicable) the following:

(a) turbocharger (turbine)

(b) exhaust silencer and spark arrestor

(c) exhaust relief valve and stack

(d) exhaust manifold, piping, connectors, bellows,
and joints

(e) instrumentation and controls
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1.4.6 Fuel Oil Subsystem. Equipment includes
(where applicable) the following:

(a) fuel oil storage tank(s)

(b) fuel oil transfer pump(s), motor(s), and automatic
transfer valve(s)

(c) day tank(s)

(d) strainers, filters, and transfer valves

(e) booster pump(s) and associated drive belt(s)

(f) pressure-regulating, relief, check, and isolation
valves

PART 16 (STANDARDS)

(b) fans and motors
(c) vents, dampers, actuators, louvers, and ducts
(d) instrumentation and controls

1.4.12 Exciter and Voltage Regulator Subsystem.
Equipment includes (where applicable) the following;:
(a) generator exciter
(b) voltage regulator system
(c) generator/exciter electrical connections
(d) other instrumentation and controls

(g) fuel oil headers, supply and return

(h) fuel injection pumps, spray nozzles, injectors, and
high-pressure injection tubing

(i) flel control and shutdown system

(j) giping, tubing, and associated components

(k) instrumentation and controls

(I) flexible hoses

1.4)7 Crankcase Ventilation Subsystem. Equipment
includps (where applicable) the following;:

(a) Yent pipe

(b) telief doors and valves

(c) drankcase vent fan, eductor, and pump, including
oil migt separator and oil return line

(d) ¢rankcase and sump vent system

(e) piping, tubing, and associated components

(f) ipstrumentation and controls

(g) flexible hoses

1.4]8 Governor and Control Subsystem. Equipnient
includps (where applicable) the following;:

(a) nechanical-hydraulic governor including-associ-
ated linkages to fuel racks, hydraulic fluid, ‘piping, tub-
ing, and associated components

(b) Ppneumatic, hydraulic, or electric\governor booster

(c) glectric governor, speed sensor, and electrome-
chanicpl interface

(d) ¢ngine fuel pump control linkage

(e) gverspeed trip

(f) ipstrumentation-and controls

1.419 Generator Subsystem. Equipment includes
(wher¢ applicable) the following:

(a) qoupling\to diesel engine

(b) genérator (including strip heaters)

(c) protective shutdown system

1.4.13 Control and Protection Subsystem.
ment includes (where applicable) the following:
(a) devices for automatic and manual stayting
(b) devices for load shedding
(c) synchronizing equipment
(d) fast transfer switche§
(e) DC power suppliés-dedicated to the diesel engine

Equip-

1.4.14 Diesel Generator Output Breaker. [Equipment
includes (where applicable) the following:
(a) outputdbreaker and associated relaying
(b) contfel switches and auxiliary contact

1.5 Definitions

These definitions are provided to ensure| a uniform
understanding of selected terms used in thip Part. Sev-
eral additional terms, often not well defined|elsewhere,
are included to help provide uniformity an clarity to
the nuclear power industry’s use of these tefms as they
relate to the testing and maintenance of diesel drives.

abnormal condition: an engine condition defing¢d by situa-
tions and applications as outside acceptable parameters,
as defined by the Manufacturer and users.

bar engine over: the act of rotating the enging slowly for
maintenance or inspection purposes.

barring device: an arrangement that provides for the slow
rotation of the engine.

blowdown: the act of blowing moisture and/pr oil accu-
mulation from the engine cylinders through ppened cyl-
inder petcocks. Also applies to blowing mojsture from
the starting air receivers and air system.

continuous load/rating: the power output capability that

the diesel drivve unit can npornfp for a Pnri d Of time,

(d) instrumentation and controls

1.4.10 Pump (Fire Pump, Auxiliary Feed Pump).
Equipment includes (where applicable) the following:
(a) coupling(s) within the drive train
(b) gearbox drive
(c) pumps
(d) instrumentation and controls

1.4.11 Ventilation System and Cooling Subsystem.
Equipment includes (where applicable) the following:
(a) filters

as specified by the manufacturer, with only scheduled
outages for maintenance.

cranking: the act of using external power sources (elec-
tricity or air pressure) to cause the engine’s crankshaft
to rotate without the engine sustaining operation with
its own combustion and before the engine provides
useful work.

diesel drives: the assembly or aggregate of assemblies of
one or more single or multiple diesel engines used as
prime movers.
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driven equipment: the equipment that operates as a result
of work or power developed by the engine as prime
mover, regardless of the receiving equipment’s use. For
example, an engine-driven pump that is using the
engine’s work to serve a plant need, such as a generator
or fire pump.

equilibrium temperature: the condition at which the diesel
engine jacket water and lube oil temperatures are both
within +10°F (5.5°C) of normal operating temperatures

ASME OM-2012

shall be performed as appropriate.’ Note that the reli-
ability tests for newly installed diesel generator sets
described in IEEE 387-1995, Section 7.3 do not apply
since new unit reliability will have been established dur-
ing initial type qualification testing. Nonmandatory
Appendix A of this Part lists the checks and data that
should be considered for engines that have had major
maintenance performed.

3.2 Periodic Tests

establishe b)’ thc Cllsil |4 111u11ufuutuuc1. . . . . .
) Performance of periodic diesel drive tests and moni-
excessive vipration: a condition during operation where toring operating parameters providés the
an engine,|or its component parts, vibrates more than owner/operator with an immediate detérminafion of
is generally accepted and where a condition exists that  the engine performance and material:conditiqn. The
is exceedir|g the acceptance criteria. owner/operator shall perform periodlic tests; the type
keep-warm §ystem: system or systems that maintainjacket ~ and frequency shall be in accorddnce with the respective
water, fuell oil, and/or lube oil temperatures at warm  Plant Technical Specifications or IEEE 387-1995,
standby [values recommended by the engine Section 7.4, Periodic Testing. Note also that JSNRC
manufactuker. Regulatory Guide 1.94Révision 3, endorses festing

major mainjenance: the maintenance that return the diesel
engine to gperating status following an abnormal event.
Examples ¢f such an event would be crank case explo-
sion and piston rod ejection. Such major maintenance
effort would be similar to the DR/QR of the TDI engines,
as being afything that requires the engine to be taken
down to the frame and completely rebuilt.

maximum a
cal for app
on an isol4
be at or be

pailable load: the amount of load that is practi-
ying to the diesel engine for testing purposes
ted bus. The maximum available load may
ow the continuous load rating of the diesel.

guidelines set forth, i IEEE 387. The periodic
frequencies identified in this Part are not require
They are identified’as a matter of convenience
monitoring of operating parameters and to cq
with plant.testing programs.

testing
ments.
for the
incide

3.3 Diesel Engine Analysis

(@) Diesel engine analysis is an effective tool
pott of an inservice testing program because
(1) it provides the technical basis for devel
performance-based maintenance program.
(2) it detects certain degraded engine mater
dition or engine performance.

n sup-

ping a

al con-

standby copdition: the condition at which the.diesel ) ) . . . .
engine jacket water, fuel oil, and lube oil systems are (3 lt, provides the basis for engine tuning djust-
maintained by the keep-warm system within the range men.ts to imp rove power b.alance. . g
of temperafures established by the enginemanufacturer. Diesel engine analysis involves recording specific

2 POST-MAJOR MAINTENANCE CHECK

The owrjer/operator shall-perform an initial check of
the enginefs systems, .subsystems, and components to
ensure thaf the overall'unit will operate as designed.

ration.
P cylin-
ssure),
adings
on for
ylinder
values

engine operating parameters during normal ope
These engine operating parameters include engin
der pressure (both compressions and firing prs
vibration, and ultrasonic readings. All three re
are recorded as a function of crankshaft posit
each cylinder, fuel injection pump, and injector. C
pressure is analyzed for specific quantitative

These checks indliide flushes, hydrostatic tests (if =~ (peak pressure, firing pressure angle, cycle variation,
required fqllowing major repair/replacement activities) ~ etc.) and profiles during operation. Certain known
of fluid systems, visual checks, functional tests of sup- ~ events (intake and exhaust valve closing and opening,

port components and systems, and those additional tests
as recommended by the manufacturer.

3 TESTING

3.1 Post-Major Maintenance Testing

The owner/operator shall perform testing for post-
major maintenance for existing engines that are above
and beyond those normal maintenance-related tests
specified by the diesel engine manufacturer. These tests
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fuel mnjection) are reviewed fo verily they occur at the
proper timing. Engine analysis is also used to balance
and tune the engine to ensure the power from each
cylinder is nearly equivalent.

(b) Benefits realized from diesel engine analysis
include

3 This Part recommends the owner/ operator to follow the tests
as specified in IEEE STD 387-1995, IEEE Standard Criteria for
Diesel Generator Units Applied as Standby Power Supplies for
Nuclear Power Generating Stations, Section 7.3 Preoperational
Testing.
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(1) Reduced Maintenance. Users of diesel engine
analysis experience reductions in maintenance costs by
eliminating periodic engine tear downs and part
replacements. This is achieved by performing specific
maintenance and/or repairs required on selected com-
ponents identified by engine analysis rather than period-
ically disassembling the entire machine and replacing
components unnecessarily.

(2) Increased Reliability. Long-term reliability

PART 16 (STANDARDS)

(1) Monthly during engine operation: check main
engine and turbo lube oil pressure data as well as differ-
ential pressure across the strainers to identify degrada-
tion prior to failure.

(d) Filters

(1) Monthly during engine operation: check main
engine and turbo lube oil pressure data as well as differ-
ential pressure across the filters to identify degradation
prior to failure.

increases by reducing failures of newly installed engine (e} Transfervalvesfor-duplexfilterand strainer
Eolinp nents and reducing maintenance-induced arrangements "
ailurep. . . :
o ) ) (1) Monthly during engine opefation} check for
. (3 Increased. Av.mlabzlzty . Reduced tlme.reqmred fpr external leaks as part of overall enging’leak jnspections
miunte nance a'Cltlg'lF:;s permits the plant to increase die- (monitor during engine operation when| system is
sel engine availability. )
. pressurized).
(4 .Reduced Fuel COﬁsumptzon. _AS .m.uch as 3% to 5% (f) Pressure-regulating,{relief, and th¢rmostatic
fuel savings can be realized by optimizing the cylinder valves
power|balance and engine tuning. (1) Monthly during engine operation: ¢heck main
lube oil pressure andtemperature data to ideftify degra-
4 INSERVICE TESTING OF COMPONENTS dation of thes€ components prior to degradation of
engine performance.

The [recommended, periodic, inservice testing of the (g) Standby heater and its associated thefmostat
diesel flrive components that were identified in para. 1.4 (1)-Daily: check lube oil standby temperature to
are degcribed here. Because the d1e§e1 c.irlve and s.upport— identify degradation of these components pripr to degra-
ing components are .operated peljlodlcally du.rmg NOr-  4afion of engine performance.
mal ehgine operational surveillance testing, it is h P includi ine dri redlati .
recommended that the necessary performance data be m;r) O:E;ii;nc) uding engine driven, circufating (pri-
monitgred and trended to eliminate additional testing y P . . . .

N . . (1) Monthly during engine operation: ¢heck main
for individual components. The environment that exists ; . ) . ,

. - . e lube oil pressure to identify degradation of the pump’s
during the periodic engine operation is indicative of f
enging room conditions during extended engine‘opera- pertormance. .
tion. These conditions ensure that adequate’demands (i) Circulating (primary or backup) and prelube/
are bejng placed on the equipment, so\that operating postlube p umps .
data/ipformation gathered is a valid indicator of compo- (1) Daily: check star}dby e.md operating tempera-
nent ferformance, and long-termi” degradation of the tures and pressures to identify degradation of the
diesel firive can be identified and corrected. Givenbelow ~ Pump’s performance.
are the|diesel drive subsystem ¢omponents, the perform- (j) All piping, tubing, and associated components
ance test (verifies functioh))and its frequency, and the (1) Daily: check for external leaks as paft of overall
paramfeters to be moritored as applicable to station  engine walkdown.
requir¢ment/desigp-for the diesel system. (2) Monthly during engine operationf check for

L external leaks, as part of overall engine leak check, when
4.1 Lybricatiof,Subsystem system is pressurized.
(a) Lube-oil*'sump and makeup tank (k) Lube oil heat exchanger

(1) Daily: check main engine and turbo lube oil (1) Monthly during engine operation: |check and

sump levels: trercH-reatexchar TgET tobe ot tetardroatiet tempera-

(2) Monthly during engine operation: check main
engine and turbo lube oil levels to identify degradation
prior to failure.

(3) Quarterly: perform lube oil analysis.

(b) Suction strainers and foot valves

(1) Monthly during engine operation: check main
engine and turbo lube oil pressure data as well as differ-
ential pressure across the strainers to identify degrada-
tion prior to failure.

(c) Discharge strainers
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tures to identify degradation within the heat exchanger.
(I) Instrumentation and controls
(1) Daily: verify engine parameters are within nor-
mal standby ranges.
(2) Monthly during engine operation: verify engine
operating parameters are within normal ranges.
(m) Flexible hoses
(1) Monthly during engine operation: visually
check hoses for signs of degradation such as age-induced
cracking or excessive wear around end fittings.
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4.2 Jacket Water and Intercooler Subsystem

(a) Jacket water heat exchanger
(1) Monthly during engine operation: check and
trend service water flow rate, jacket water, and service
water temperatures to identify degradation within the
heat exchanger.
(b) Intercooler systems
(1) Monthly during engine operation: monitor
exhaust temperatures and power output of the engine,

ASME OM-2012

(2) Monthly during engine operation: verify engine
operating parameters are within normal ranges.
(I) Flexible hoses
(1) Monthly during engine operation: visually
inspect hoses for signs of degradation such as age-
induced cracking or excessive wear around end fittings.

4.3 Starting Subsystem

(a) Batteries/charging systems
(1) Monthly: check alarms and local indications to

as well as ntake manifold temperature, to identify loss

of system performance.
(c) Radi
(1) M

htors and associated fan
pnthly during engine operation: visually

determine any degradation of these power supplies.*
(b) Electric/pneumatic air start motors
(1) Semiannually: record timing and trending of
fast start testing to identify a degradation of the dir start

check mat¢rial conditions and monitor and trend tem-  system being used to start the engine.
peratures gcross the radiator to identify loss of system (c) Air compressors (safety-related only)
performange. (1) Daily: check air compzressor oil level.

(2) Semiannually: perform vibration check of the (2) Quarterly: record compressor run times to iden-

fan. tify any degradation of¢this compressor.
(d) Govgrnor oil heat exchanger (d) Air receivers; relief, check, and air-start s¢lenoid
(1) Mpnthly during engine operation: check proper ValVFS? and piping;tubing, and associated compomnents/
governor dontrol and operation to confirm satisfactory =~ I€CEIVErs, covered under ASME Code
condition ¢f the heat exchanger. (1) Dailys manually blow down receivers [unless
(e) Standby heater and its associated thermostat equipped ith automatic blowdown equipment.
(1) D4ily: check lube oil standby temperature to (e) Relief valves, covered in Division 1, Mar|datory

identify dlegradation of these components prior to

Appendix I
(f)* Check valves, covered in Division 1, Sectiopn ISTC

en;gl)nvle(deg radation. £ (g) Air-start solenoid valves
f eeptwarm Water pump . (1) Quarterly: verify lubricator operation gnd oil
(1) D4ily: check proper standby jacket water tem*.>~ |,

peratures g
this pump
(g) Jacke
(1) M

nd pressures to confirm proper operation of

t water and intercooler pumps
nthly during engine operation:\check and

(2) Semiannually: record timing and trending of
fast start testing to identify a degradation of the dir start
system being used to start the engine.

(h) Piping, tubing, and associated components

trend operfting temperatures and pressures to identify (1) Daily: check for external leaks as part of pverall
degradation of the pumps’ performarnee. engine leak checks.
- (h) Thermostatic valves (2) Monthly during engine operation: check for

. (DM
water tem

nthly during engine operation: check jacket
erature data to identify degradation of these

external leaks, as part of overall engine leak fhecks,

when system is pressurized.

components prior td<degradation of engine (i) Pressure-reducing and shuttle valves and
performante. regulators
(i) Standpipes ard overflow, pressure cap, level indi- (1) Semiannually: record timing and trending of
cator, and pxpansion tanks fast start testing to identify a degradat.ion of the air-
(1) Ddily: check proper coolant level. start system being used to start the engine.

(2) Q

(j) Air dryers, strainers, filters, check valves, compres-

batterlperformreootngwaterchemieal
analysis.
(j) Piping, tubing, and associated components

(1) Daily: check for external leaks as part of overall
engine leak inspections.

(2) Monthly during engine operation: check for
external leaks, as part of overall engine leak inspections,
when system is pressurized.

(k) Instrumentation and controls

(1) Daily: verify engine parameters are within nor-

mal standby ranges.
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sor intercoolers, and air dryer-associated components
(safety-related only)
(1) Quarterly: check/clean filters as applicable.
(2) Semiannually: monitor air dewpoint tempera-
tures and electrical current consumption during com-
pressor and dryer operation to identify degradation of
these components.

* The owners may follow the recommendation provided by
Institute of Electrical and Electronics Engineers (IEEE) 450-1995,
Maintenance, Testing, and Replacement of Large Lead Storage
Batteries for Generating Stations and Substations.

Copyright ASME International
Provided by IHS under license with ASME

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

ASME OM-2012

(k) Check valves (Code boundary), covered in
Division 1, Section ISTC, Inservice Testing of Valves in
Light-Water Reactor Nuclear Power Plant

(1) Air-start distributors and associated air injection
valves

(1) Semiannually: record timing and trending of
fast start testing to identify degradation of the air-start
system being used to start the engine.

(m) Instrumentation and controls

PART 16 (STANDARDS)

(2) Monthly during engine operation: verify engine
operating parameters are within normal ranges.

4.5 Exhaust Subsystem

(a) Turbocharger (turbine)
(1) Monthly during engine operation: monitor and
trend turbocharger discharge temperature.
(b) Exhaust silencer and spark arrestor
(1) Every 18 mo to 24 mo: monitor and trend

(1)Daily: verify engine parameters are within nor- exhaust back pressure and/or cylinder or turbocharger
mal sthndby ranges. exhaust temperatures to identify degradaltion of the

(2) Monthly during engine operation: verify engine
parampters are within normal operating ranges.

4.4 Cllmbustion Air Intake Subsystem

(a) Intake air filter
(1) Monthly during engine operation: monitor
appropriate pressures to help identify degradation of
air filters prior to degradation of engine performance.
(2) Every 18 mo to 24 mo: check filters for
degradation.

(b) Intake air silencer
(1) Monthly during engine operation: monitor
appropriated pressures to identify degradation of these
comp¢nents prior to degradation of engine
perforpnance.

(c) Intake air manifold and all piping, tubing, and
associgted components
(1) Monthly during engine operation: motnitor
appropriated pressures to identify degradation of-these
comp¢pnents prior to degradation efivengine
performance.

(d) Mechanical blowers, scavenging pumps, and
superdhargers
(1) Monthly during engineé.operation: monitor
appropriated pressures to iderntify’ degradation of these
comp¢nents prior to -degradation of engine
performance.

(e) Turbocharger (edmpressor)
(1) Monthly during engine operation: monitor
appropriated présstires to identify degradation of these
componentsi\ptior to degradation of engine
performance;

(f) Intercooler

internals of these components.
(c) Exhaust relief valve and stack;-cov¢red under
Division 1, Mandatory Appendix\l, Requigements for
Inservice Performance Testing(ofy Nuclear Hower Plant
Pressure Relief Devices
(d) Exhaust manifoldspiping, connectoss, bellows,
and joints
(1) Every 18 mo to 24 mo: visually chgck, as part
of overall engine ¢hecks of these components, to verify
no cracks or excessive degradation has occyrred.
(e) Instrumentation and controls
(1) Daily: verify engine parameters are within nor-
mal standby ranges.
(2) Monthly during engine operation: v¢rify engine
operating parameters are within normal ranges.

4.6 Fuel Oil Subsystem

(a) Fuel oil storage tank(s), covered under dppropriate
ASME Code and local and state regulations gnd /or API
Standard®

(b) Fuel oil transfer pump(s), motor(s), and automatic
transfer valve(s)

(1) Quarterly (if system contains a backup pump,
every 18 mo to 24 mo recommended): recond day tank
fill times or flow rate to identify any degtadation of
these components.

(c) Day tank(s), covered under approprjate ASME
Code and local and state regulations anpd/or API
Standard®

(d) Strainer(s), filter(s), and transfer valvg(s)

(1) Monthly during engine operation: check fuel oil
pressure data as well as differential pressur¢ across the
strainers and filters to identify degradatipn prior to
failure.

(1) Monthly after engine operation: verity for
intercooler leakage.

(2) Monthly during engine operation: monitor
engine inlet temperature as well as exhaust temperatures
to identify intercooler degradation prior to degradation
of engine performance.

(3) Every 18 mo to 24 mo: perform intercooler
DP test.

(g) Instrumentation and controls

(1) Daily: verify engine parameters are within nor-

mal standby ranges.
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{e) Booster pump(s) and associated drive belt(s)

(1) Monthly during engine operation: check fuel oil
pump outlet pressure to identify degradation prior to
failure. Visually inspect drive belts.

(f) Pressure-regulating, relief, check, and isolation
valves

(1) Monthly during engine operation: check fuel oil
pressure data to identify degradation prior to failure.

5 The owners may follow the recommendations in American
Petroleum Institute (API) Standard 653-1995, Tank Inspection,
Repair Alteration, and Reconstruction.
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(¢) Fuel oil headers, supply and return
(1) Monthly during engine operation: check for
external leaks during engine operation when system is
pressurized.
(h) Fuel injection pumps, spray nozzles, injectors, and
high-pressure injection tubing
(1) Monthly during engine operation: monitor and
trend cylinder exhaust temperatures to identify degra-
dation prior to failure.
(i) Fuel control and shutdown system: see para. 4.8.

ASME OM-2012

(1) Daily: monitor oil level.

(2) Monthly during engine operation: verify proper
response to start and loading signals to ensure proper
operation of these components.

(3) Every 18 mo to 24 mo: verify the engine’s ability
to accept accident scenario loads during response time
testing to confirm proper operation.

(b) Electric governor, speed sensor and electrome-
chanical interface

(j) Piping, tubing, and associated components

(1) D4ily: check for external leaks as part of overall
engine leak checks.

(2) Mpnthly during engine operation: check for
external lepks, as part of overall engine leak checks,
when systé¢m is pressurized.

(k) Instriimentation and controls

(1) D4ily: verify engine parameters are within nor-
mal standljy ranges.

(2) Mpnthly during engine operation: verify engine
operating parameters are within normal ranges.

4.7 Crank

“(a) Vent
(1) M

fase Ventilation Subsystem
pipe
nthly during engine operation: monitor and
trend crankcase pressure (vacuum), or monitor alarms,
to identify|degradation of these components.
(b) Religf doors and valves
(1) M¢nthly during engine operation: monitor and
trend crankcase pressure (vacuum), or monitor alarms;
to identify|degradation of these components.
(c) Crankcase vent fan and pump, including oil\mist
separator gnd oil return line
(1) Ménthly during engine operationzmenitor and
trend crankcase pressure (vacuum), or monitor alarms,
to identify|degradation of these components.
(d) Crankcase and sump vent system
(1) M¢nthly during engine opeération: monitor and
trend crankcase pressure (vagitum), or monitor alarms,
to identify|degradation ofthese components.

(1) Monthly during engine operation: verify proper
response to start and loading signals to ensute [proper
operation of these components.

(2) Every 18 mo to 24 mo: verify the €hgine’s
to accept accident scenario loads duxing respon:
testing to confirm proper operatiof.

(c) Engine fuel pump controklinkage

(1) Monthly during engine'Operation: verify
response to start and loading signals to ensure
operation of these components.

(d) Instrumentation‘and controls

(1) Daily: verify.engine parameters are withiin nor-
mal standby rafiges.

(2) Monthly during engine operation: verify
operating parameters are within normal ranges

ability

e time

proper
proper

engine

4.9 Generator Subsystem

(@) Coupling to diesel engine
(1) Every 18 mo to 24 mo: perform generatdr bear-
ing vibration checks and trending to verify the alignment
and the coupling have not degraded.
(b) Generator
(1) Daily: visually check air cooling ports ar
erator bearing oil level.
(2) Monthly: verify the proper operation of tle strip
heater(s).
(3) Monthly during engine operation: verify
tor temperature is within normal range.
(c) Instrumentation and controls
(1) Monthly during engine operation: verify|
ator operating parameters are within normal ra

d gen-

he sta-

gener-
hges.

(e) Pipirlg, tubing, agid\associated components
(1) Ddily: checkforexternal leaks, as part of overall ~ 4.10 Pump (Fire Pump and Auxiliary Feed Pump)
engine leak checks,;dwhen system is pressurized. (1) Coupling to diesel engine
(2) Mpnthlyduring engine operation: check for (1) Every 18 mo to 24 mo: perform generatdr bear-

external legks;as part of overall engine leak inspections,

ing vibration checks and trending to verify the alignment

when syst
(f) Instrumentation and controls
(1) Daily: verify engine parameters are within nor-
mal standby ranges.
(2) Monthly during engine operation: verify engine
operating parameters are within normal ranges.

. . 1
11015 IJJ.CDD UulizZcu.

4.8 Governor and Control Subsystem

(a) Mechanical hydraulic governor, including
hydraulic fluid, piping, tubing, and associated compo-
nents (including pneumatic, hydraulic, or electric gover-
nor booster)
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and the coupling have not degraded.
(b) Pumps: testing covered under appropriate NFPA®
or ASME Code.

4.11 Ventilation and Cooling Subsystem

(a) Fans and motor
(1) Daily: monitor diesel room temperatures within
normal standby conditions.

® The owners may use National Fire Protection Association
Part 20-1999, Installation of Centrifugal Fire Pumps for the fire
pump testing requirement.
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(2) Monthly during engine operation: verify diesel
room ambient air temperatures are maintained within
normal operating ranges.

(3) Quarterly: perform vibration checks and trend-
ing to verify these components are installed properly
and have not degraded.

(b) Vents and louver

(1) Monthly during engine operation: verify diesel

room ambient air temperatures are maintained within

room @gmbient air temperatures are maintained within
normaj operating ranges.

(d) Instrumentation and control
(1) Daily: monitor diesel room temperatures are
within| normal standby conditions.
(2) Monthly during engine operation: verify diesel
room gmbient air temperatures are maintained within
normal operating ranges.

4.12 Exciter and Voltage Regulator Subsystem

(a) Generator exciter
(1) Monthly during engine operation: verify the
exciter|'s ability to develop voltage to confirm proper
operatjon.
(2) Every 6 mo: verify the exciter’s ability to excite
the g¢nerator to the required voltage within the
requir¢d time.
(3) Every 18 mo to 24 mo: verify the engine/s\ability
to accgpt accident scenario loads during response time
testing to confirm proper operation.

(b) Yoltage regulator
(1) Monthly during engine operation: verify the
voltage regulator’s ability to control yoltage and parallel
to the [grid.
(2) Every 18 mo to 24 mo: verify the voltage regula-
tor’s dbility to accept agcident scenario loads during
resporse time testingto'confirm proper operation. Ver-
ify thq voltage regtilator’s ability to obtain required
power|factor whilé.carrying the required loads during
the englurance test.

4.13 Control and Protection Subsystem

PART 16 (STANDARDS)

(1) Monthly during engine operation: verify the
equipment’s ability to parallel with the grid to confirm
proper operation (if load banks are used for monthly
testing, verify every 18 mo to 24 mo).

(d) Overspeed trip device

(1) Every 18 mo to 24 mo: verify overspeed trip
setpoint to confirm proper operation.

(e) DC power supplies dedicated to the diesel engine

( 1) Monthly check alarms and local indications to
1pplies.

f) Other mstrumentatlon and control
(1) Monthly during engine operationj verify the
engine for proper operation.

4.14 Diesel Generator Output-Breaker

(a) Output breaker, control switches, auxiliary con-
tacts and associated relays
(1) Monthly dutinglengine operation] verify the
output breaker’s ability to parallel with the grid to con-
firm proper operation.

5 OTHERDIESEL DRIVE TESTING GUIDELINES

One ofjthe primary focuses of this Part is tlhe monitor-
ing and'trending of periodic test results to conpfirm diesel
drivereliability. Subsequent to being placed jnto service
at a nuclear power plant, the diesel drive shqll be tested
periodically to demonstrate the capability, pvailability,
and reliability to perform its design functiof is accept-
able. The following guidelines apply:

(a) Some of the periodic tests may be combined and
not necessarily performed individually.

(b) The tests do not necessarily have to pegin from
standby conditions unless specified.

(c) All diesel drive protective trips and alafms should
be in operation during the testing.

(d) Periodic testing of the diesel drive uniffshould not
impair the capability of the unit to meet its functional/
design requirements in the event of an a¢tual plant
emergency.

(e) All tests should be performed in accordance with
the manufacturer’s recommendations for re¢lucing die-
sel engine wear, including the prelubing of fthe engine,
post-test cool down, and post-test lubricatign.

(f) The perlodlc testmg should involve operation of

(a) Devices for automatic and manual starting
(1) Monthly during engine operation: verify the
devices’ ability to start to confirm proper operation.
(2) Every 18 mo to 24 mo: verify the devices’ ability
to start on automatic signals and diesel generator trips
or trip bypasses operate per design.
(b) Devices for load shedding and sequencing
(1) Every 18 mo to 24 mo: verify the devices’ ability
to shed and sequence loads during testing to confirm
proper operation.
(c) Synchronizing equipment

the-dieselenginefora-minimumof-Hrafterthe equilib-
rium (jacket water and lube oil) temperatures have been
reached or as specified by the plant Technical
Specifications.

6 ALARM AND SHUTDOWN DURING TESTS

During the testing of the diesel engine and its driven
component, the unit may encounter alarmed conditions.
Alarm limits (setpoints) are important, but the diesel
engine/generator may still be operable when alarm con-
ditions are encountered. Sometimes the diesel system
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must be allowed to continue operating to evaluate the
alarm conditions. To properly support operations, the
owner should establish diesel shutdown limits to ensure
the engine has not exceeded limits that may cause the
engine system to fail. Some example shutdown limits
are as follows:
(a) minimum main lubrication oil pressure
(b) maximum lube oil temperature (out of the engine)
(c) minimum fuel oil header (discharge) pressure
(d) maximu ind 1 1re
um engine exhaust temperature
(f) maxjmum jacket water temperature out of the
engine
(g) maxjmum engine speed

ASME OM-2012

7.1 Data/Records

Nonmandatory Appendix B of this Part provides a
sample data sheet to collect periodic inservice test data.
The user has the primary responsibility for the develop-
ment of plant-specific data sheets. The user should con-
sult the engine manufacturer for the determination of
critical operating parameters for the specific diesel
engine being evaluated.

- g C of this Part to illustrate typical information that can
(h) majimum allowable generator winding ; ypP .
temperatute be obtained through trends. These examples illustrate
(1.)p crandcase vacuum pressure effective data evaluation and. ttending techniques. The
(i) genefator current OI; tput objective is to review and trénd'the performance ¢f these
{ . .
Note thqt not all of the above example diesel engine parameters of engine performance against the mgnufac-
o . . turers’ accepted values:
alarm and phutdown limits apply to every diesel engine
design or ihstallation in nuclear power plants. As such . )
o S : . -3 Failur ion (R
it is up to the individual plant owner and its technical 7.3 Failure to fagtion (Root Cause)
specifications to apply the appropriate diesel drive An important aspect in maintaining diesel engine reli-
alarm andl shutdown limits within its operating  ability is the’determination of root causes of 4 diesel

procedureq.

7 ENGIN

Diesel d
ence relatiy
service lifd

F OPERATING DATA AND RECORDS

rives at nuclear power stations may experi-
rely few operating hours during their normal
. These units must reliably respond . td_an
emergency|start signal. Good record keeping, ddtajeval-
uation, and trending are essential tools to properly eval-
uate engifle performance and maintaintthis type of
reliability.

engine’s failure to perform its design function. Anjinade-
quate‘assessment of the failure will likely lead td repeat
failtires. Therefore, it is important to know what fcaused
the engine to fail so that proper corrective me¢asures
(both immediate and long-term) can be implemented.
Maintaining complete and adequate records of failures
and their root causes will enable the owner/opetator to
prevent malfunctions and identify degraded dompo-
nents listed in para. 1.4. Such records will highlight
repeated component failures that degrade diesellengine
performance and material condition.

172

Copyright ASME Intéernational
Provided by IHS under license with ASME

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

ASME OM-2012 PART 16 (STANDARDS)

Part 16, Nonmandatory Appendix A
Post-Major Maintenance Test Data

See Fig. A-1 below for test data form.

Fig. A-1 Post-Major Maintenance Test Data Form
Plant Unit
Engfne No. Engine RPM
Dat¢
Engine Load Percent
Engine Parameter 75 100 110
1 Load kW or hp
2 Ambient Air Temperature °F (°C)
3 Barometric Pressure in. Hg
o Run Duration hr
5 Jacket Water Temperature (IN/OUT) °F (°C)
6 Turbo Water Temperature (IN) °F (°C)
7 Turbo Water Temperature (OUT) °F (°C)
8 Service Water Pressure (IN/OUT) psig
9 Service Water Temperature-(INJOUT) °F (°C)
10 Intercooler Water (IN/OUT) °F (°C)
11 Lube Oil Heat Exchariger Water (IN/OUT) °F (°C)
12 Jacket Water Hedt Exchanger Water (IN/OUT) °F (°C)
13 Lube Oil Pump\Qutlet Pressure psig
14 Lube Qil Filter'Pressure (INLET/OUTLET) psig
15 Lube Q@il'Header Pressure psig
16 Turbo-kube Qil Pressure (TO TURBO) psig
17 Rack Reading/Fuel Pressure
18 Lube Oil Temperature (IN/OUT) °F (°C)
19 Exhaust Temperature Turbo (TO/FROM) °F (°C)
20 Combined Exhaust Temperature °F (°C)
21 Exhaust Back Pressure in. H,0
22 Air Intake Pressure in. Hg
23 Crankcase Vacuum in. H,0O
Turbocharger Lube Oil Brand and Type
Governor Lube Oil Brand and Type
Engine Lube Oil Brand and Type

Copyright ASME International
Provided by IHS under license with ASME

173

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


https://asmenormdoc.com/api2/?name=ASME OM 2012.pdf

PART 16 (STANDARDS) ASME OM-2012

Part 16, Nonmandatory Appendix B
Functional/Inservice Test Data

See Fig. B-1 below for test data form.

Fig. B-1 Functional/Inservice Test Data Form

Plarjt Engine No. Engine Serial No.
1 Engine Run Time Start/Stop Time
2 Ambient Air Temperature °F (°C)
3 Load kW
4 Barometric Pressure in. Hg
5 Engine RPM
6 Service Water Pressure (IN/OUT) psig
7 Service Water Temperature (IN/OUT) °F (°C)
8 Jacket Water Heat Exchanger Temperature (INJOUT) °F
9 Jacket Water Pressure Pump Discharge Pressure psig
10 Jacket Water Temperature (IN) °F (°C)
11 Jacket Water Temperature (OUT) °F (°C)
12 Air Intercooler Water (IN) °F (°C)
13 Air Intercooler Water (OUT) °F (°C)
14 | Lube Oil Heat Exchanger (INOUT) °F (°C) | | | |
15 Lube Oil Pressure Pump Outlet psig
16 | Lube Oil Filter Pressure (INLET/OUTLET) psig | | | |
17 Lube Oil Pressure at Header psig
18 Fuel Oil Pressure Befare/After Filter psig | | | |
19 Exhaust Temperaturéto Turbo °F (°C)
20 Exhaust Temperature from Turbo °F (°C)
21 Exhaust Pressure to Turbo in. Hg
22 Turbo Exhaust Stack Pressure in. H20
23 Pre-Turbo-Air Intake Pressure in. H20
24 Airlntake Manifold (Receiver) Pressure in. Hg
25 AirIntake Manifold (Receiver) Temperature °F (°C)
26 —Crankcase vacuum n. H20
27 No. 1 Injection Pump Rack Reading
28 Cylinder Exhaust Temperature
29 Cylinder No. 1/No. 2 °F (°C)
30 Cylinder No. 3/No. n [Note (1)] °F (°C)
31 Lube Oil Makeup gal
32 Fuel Oil Consumption gph
NOTE:

(1) nrepresents the total number of cylinders.
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Part 16, Nonmandatory Appendix C
Data Trending Examples

See Figs. C-1 through C-5 on the following pages for

data i s 1
oo trenoh g OxXxampress
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Fig. -1 Typical Lube Oil System

Lube oil header
o e Lube oil figure
1 1 Lube oil pump '/7

T\,nlyul ataT e uull\.l u: Lupe Ol strainer
\ @ (three-way valve)
Engine | | | |
3 4 5

Lube oil 2

| cooler

2 NEIN <

0

Service water

Lube oil temperature, upper limit

.
< o
B 7}
o Qo
- &
= ol
o e
2 2
S I
5 o
o o
s %0 ———————— — 7 /] =
. Lo o
o Lube oil temperature, tower limit . Lo °
3] Lube oil pressure, lower limit —410 o
=}
- a

| | |

Test Date

Trend Plotting — Lube Oil Temperature T; and Lube Oil Pressure P,

NOTES:

(1) Low lube|oil pressure’with high lube oil temperature
(@) fadlty temperature control (three-way) valve
(b) redtricted service waterflow

(2) High lub d-eilpressurewith-low lube oil temperature—data-takenpricrto-enainereaching eguilibrivm-temperature
4 g g 5] S oo 1

(3) Lube oil pressure is deteriorating. Investigation should be made as to cause, although the lube oil pressure is still above the mini-
mum. Possible causes
(a) pressure drop across lube oil filter, or strainer is high
(b) lube oil pump relief valve faulty
(¢) bearing failures
(d) lube oil system leakage
(e) lube oil dilute with fuel oil
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Fig. -2 Typical Jacket Water System

Temperature control
| I\ @ (three-way valve)
AAN] ) 2
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/ /| vvater fevel
7,

Jacket water
heat exchanger

NIN

Engine
Jacket water pump T3 J ’/T4
Service-\water
Jacketwater temperature, upper limit
Note (1)

Note (2) —
185 :i Ve

Temperature, °F

130

Jacket water temperatlre, lower limit

Test Date

Trend Plotting™— Jacket Water Temperature to Engine, T;, and From Engine, T,

AT across the engines Rossible causes, with T, — T3 = constant, are
air in system

combustion gas'{o jacket water leak

restriction in jacket water system

atisfactoty,“but temperature increasing. Possible causes
heat-exchanger fouling

faulty three-way temperature valve

(¢ sEa-water systenTTestricted
(d) service water inlet temperature too high

(3) Normal operation conditions
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Temperature, °F

NOTES:
(1) Both tem|
(a) ten
(b) res

(2) Temperat
(3) Temperat
clogged 4§

Fig. -3 Intercooler Water System

Temperature control

-
c
) §
B

@ (three-way valve)
1
T >

Intercooler heat

2 { exchanger
@ L
Intercooler |«
e

Service water

o

s A~ Note (1)

110 — \/ Note (3)
T4, upper limit Note (2) N

1M%<~ —— — —

100 —

95 — Pl

9 7

= — — — N\ — — S\ /]
T;, lower limit | | | | \1/ |

Test Date

Trend Plotting — Air'Cooler Water Temperature to 7, and From T, Cooler Pump Pressure P,

peratures rising; pressure remains constant
hperature controtvalve (three-way) failing
tricted servicé\water flow (7, — T rising)

Lire rise_across air cooler and decreasing pump discharge pressure: air in system.
Lire fise,across air cooler and pump discharge pressure increasing: coolers becoming
nd_requiring cleaning.

35
30
25
20
15

Pressure, psi
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Fig. C-4 Typical Air/Exhaust System
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Test Date

Trend Plotting — Air/Exhaust System
Inlet Air Pressure (Vacuum) — P =
Air Manifold/Exhaust Back Pressure = P, — P, =
Combined Exhaust Temperature = T3 =

NOTES:
(1) Gradlually increasing inlet-air vacuum: inlet air filters plug and require cleaning or changing.
(2) Gradlually increasing_¢ombined exhaust temperatures may be caused by

(@) exhaust/turbocharger flow restriction

) turbo deficiency

(@ low aifflow caused by plugged air inlet filters

(@) injection timing change (retarded)

(4@ faulty injection nozzle, not proper spray pattern

(3) High combined exhaust temperatures. Possible causes
(@) faulty injection nozzle, nozzle streams foul
(b) injection timing change (retarded)

(4) Increasing AP across engine. Possible causes
(@) exhaust flow restrictions
(b) turbocharger deficiency

(5) Low AP along with low inlet air vacuum and low combined exhaust temperatures: could indicate the test load was low.
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Fig. C-5 Typical Fuel Oil System

——— - - Day tank

1'_|/ Relief valve

<

A

Orifice.

— Foetoitfitter

0O []
o U™

Maximum AP across filter

Pressure Drop, psig

:/

Injector pumps

Test Date

Trend Plotting — Fuel Filter AP =
NOTE:

PP,

(1) Pressure [drop across filter increasing: filter needs cleaning or elements need replacement.
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Part 21
Inservice Performance Testing of
Heat Exchangers in Light-Water Reactor Power Plants

1 INTRODUCTION
1.1 S¢ope

This| Part establishes the requirements for preservice
and inpervice testing to assess the operational readiness
of certpain heat exchangers used in nuclear power plants.

The [heat exchangers covered are those required to
performn a specific function in shutting down a reactor
to the pafe shutdown condition, in maintaining the safe
shutdgwn condition, or in mitigating the consequences
of an gccident.

This| Part establishes test intervals, parameters to be
measufed and evaluated, acceptance criteria, corrective
actiong, and record requirements.

=

1.2 Exclusions

This| Part does not address the following:

(a) flow-induced vibration

(b) dtructural integrity

(c) pressure-retaining capability

(d) ¢rosion or corrosion

(e) pther mechanical or structural performance
concerhs

(f) dffects of system performance on heat exchangers
(e.g., the system providing insuffigient flow to a heat
excharjger)

(g) pny related system testing (e.g., flow balance
testing)

(h) gteam generators

1.3 Owner’s Responsibility

The |Owner shall.identify, based on individual plant
design| basis, those heat exchangers that are considered
to be cpvered:by this Part and shall prioritize those heat
exchar|gets-in accordance with the guidance provided
in this - i
test or monitoring method and interval for each heat
exchanger, so identified, based on the criteria contained
in this Part.

The Owner shall be responsible for the operational
readiness of all safety-related heat exchangers by follow-
ing the program requirements as described in para. 5.1.

2 DEFINITIONS

These definitions are provided to ensure a uniform
understanding of selected terms used in this Part.

accuracy: the closeness of agreement betweén p measured
value and the true value.

baseline data: data collected at specific’operafting condi-
tions that establish a basis to which subsequent data
may be compared.

baseline test: a performance.test to establish baseline data.

bias error: the differenge-between the average|of the total
population and theltrue value.

biofilm: a foulinglayer consisting of microorghnisms and
their by-products.

clean fluyid:>of the two fluids, the one that has the lesser
potential for fouling a heat exchanger.

copnponent design limit: that value of heat exchanger per-
formance (usually specified by the manufacturer as the
design point) such that if exceeded, although not affect-
ing the operational readiness of the compgpnent, may
result in component degradation and component reli-
ability concerns.

confidence level: the relative frequency that th¢ calculated
statistic is correct.

cooling fluid: any fluid (e.g., water, air, or oil)|that serves
to carry heat away from the process fluid by the transfer
of heat through the heat exchanger.

correlational uncertainty: the uncertainty embedded in the
calculational process due to the mathematical models
employed (e.g., heat-transfer film coefficients).

coverage: the frequency at which an interval festimate of
a parameter may be expected to contain the|true value.

design accident conditions: the set of conditions and con-
straints that are to be satisfied by the heaf| exchanger
for the heat exchanger to meet the safety requirements
of the system that it serves.

design basis: information that identifies the specific func-
tions to be performed by a structure, system, or compo-
nent of a facility, and the specific values or ranges of
values chosen for controlling parameters as reference
bounds for design.

design point: the set of operating conditions and con-
straints that are satisfied by the heat exchanger as speci-
fied in the heat exchanger specification sheet.
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exclusion criteria: the set of conditions that must be
avoided for a testing or monitoring method to be
effective.

film coefficient: the rate of heat transfer per unit area per
unit temperature differential across the boundary layer
between either the cooling or the process fluid and the
heat-transfer surface.

flow blockage: a reduction in heat-transfer surface or a
reduction in flow rate caused by fouling.

ASME OM-2012

been granted, a construction permit or operating license
by the regulatory authority having lawful jurisdiction.

parameter: a measured quantity (i.e., temperature, pres-
sure, or flow) used in calculating a test result.

precision error: the closeness of agreement between
repeated independent measurements of a single
parameter.

precision index: the sample standard deviation based on

N _measurements

: of the two fluids, the one that has the greater
br fouling a heat exchanger.

fouling fluig
potential f
fouling residtance: a resistance to heat flow caused by the
deposition|of corrosive products, dirt, or other foreign
material o a heat-transfer surface.

heat duty: t
fluid to an

he heat transferred per unit of time from one
bther.

jteria: the set of conditions that must be satis-
psting or monitoring method to be effective.

inclusion cnf
fied for a

© inservice te
" ness of ast
: trical gene

t: a test to determine the operational readi-
Fucture, system, or component after first elec-
ration by nuclear heat.

© instrument
" ments to d
value duris

delay: the characteristic of measuring instru-
ive an indicated value that lags the actual
g transient conditions.

instrument
provide a

Joop: two or more items working together to
ingle output.

t error: the difference between the true valtie
asured value of a parameter. It includesboth
Fecision errors.

measuremer
and the md
bias and p

monitoring
evaluate h

method: a method that is used.to indirectly
bat exchanger thermal performance.

nominal reqult: the test result that(is calculated using
average pdrameter values.

operability: [a system, subsystem, train, component, or
device shalll be operable when it is capable of performing
its specifigd safety functions. All necessary attendant
instrumenfation, controls, electrical power, cooling or
seal water, Jubrication, or other auxiliary equipment that
are requirdd for+the system, subsystem, train, compo-

nent, or dgvige-to perform its function(s) shall also be

preservice test: a test performed during the perigd after
completion of construction activities related to the com-
ponent and before first electrical generatioh by nuclear
heat or in an operating plant before.the compopnent is
initially placed in service.

process fluid: any fluid that supplies the heat to the heat
exchanger.

required action limit: that value of heat exchang
formance such that; if-corrective actions are n
formed prior to the next scheduled test or mon
the system opétrability limit would be exceeded

b1 per-
bt per-
toring,

due to
basure-

result sensitivity: the actual change in a result
changing,the measurement parameter by its m
ment,error.

rform-
ire the

system operability limit: the minimum thermal pe
anhce required of a heat exchanger so as to ens
operational readiness of its system.

rature

Ptween
d tem-
brs, the
side.

temperature effectiveness: the ratio of the temps
change of the tube side fluid to the difference b
the two fluid inlet temperatures (sometimes callg
perature efficiency). For plate-type heat exchang
cooling fluid side can be considered as the tube|

temperature of interest: a temperature that is chosen to be
monitored because of its dependency on the thermal
performance of a heat exchanger.

test conditions: the conditions experienced by|a heat

exchanger undergoing a test.

testing method: a method that is used to quantitatively
evaluate heat exchanger thermal performance.

test point: the set of parameters retrieved from the heat
exchanger at a specific test condition.

capable of performing their related support function(s).

operational readiness: the ability of a component to per-
form its specified functions.

overall heat-transfer coefficient: the average rate of heat
transfer per unit area per unit temperature differential
between the cooling and process fluids under specified
fouling conditions.

Owner: the organization legally responsible for the con-
struction and/or operation of a nuclear facility including
but not limited to one who has applied for, or who has

182

test result: a value calculated from a number of
parameters.

total uncertainty: the estimated error limit of a test result
for a given coverage. Total uncertainty results from the
propagation of measurement errors and correlational
uncertainties through a calculational process and is sta-
tistically applied to the test result.

transport delay: the time required for the process fluid
to travel between the heat exchanger and the point of
measurement.
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4 SELECTION AND PRIORITIZATION OF HEAT
EXCHANGERS

4.1 Heat Exchanger Selection

Those heat exchangers required to perform a specific
function in c]r\nH-ing downareactortothesafe shutdown

ASME OM-2012

5 BASIC REQUIREMENTS

5.1 Program Requirements

A program shall be established to ensure the opera-
tional readiness of the heat exchangers covered by this
Part. This program shall consist of testing or monitoring
(or both), trending, establishing intervals and acceptance
criteria, performing uncertainty analysis and corrective
actions, and maintaining appropriate records and sup-
porting documentation. While testing is preferred, mon-

condition, jn maintaining the safe shutdown condition,
or in mitigating the consequences of an accident, shall
be selected| for testing or monitoring, based on individ-
ual plant dlesign basis. For the purposes of this Part,
steam generators shall be excluded from the selection
process.

4.2 Heat Exchanger Prioritization

Heat exdhangers selected in para. 4.1 shall be priori-
tized for t¢sting or monitoring based on the criteria of
paras. 4.2. ) through 4.2.3. These criteria shall be progres-
sively applied according to the interval defined in para.
5.4 to ensure that the requirement of para. 4.1 is met.

4.2.1 Fquling Potential. If aheatexchangerisserved
by a fluid that has a high potential for fouling, then that
heat exchahger should be given high priority.

CAUTION:
vice conditidg
of plate patte

For plate heat exchangers, even under similar ser-
Ins, differences in flow distribution due to variations
rn design may result in different fouling tendencies:.

4.2.2 S
heat excha
tially iden
same flow
periods of
needs to b

ystem Configuration. If there are two'or'more
gers in parallel and all are subjected to essen-
ical service conditions (i.e., essentially all the
rates and heat loads, noneStaghant for long
time), then only one of the heat exchangers
e given high priority(inhitially. For identical

itoring may be used instead if sufficient tedhnical
justification can be shown that testing is not.fegsible.
This program should incorporate peripdic reviews in
which the test or monitoring methods and interyals are
evaluated to be the most appropriatesfor use in meeting
the intent of this Part and such that required|action
limits are not exceeded. Thesg teviews should c¢nsider
advances in testing and monitoring technologies,
operating histories of the héat exchangers, fouling rates,
changes in cooling fluid\quality, heat load availability,
and previous test ofmonitoring results.

5.2 Preservice'Requirements’

ormed
r to or

Preservice ‘festing or monitoring shall be per
on a heat exchanger in the clean condition prig
after installation in the plant.

Preservice testing or monitoring provides ddta and
résults that should be used to establish a preservice
baseline for comparing with future inservice testing or
monitoring results. Preservice testing or monjtoring
should be used to compare the as-designefl heat
exchanger data provided by the vendor with the 3s-built
heat exchanger.

The preservice testing or monitoring method splected
should be the same as the inservice testing or monfitoring
method. However, if the preservice testing or monfitoring
method is different than the inservice testing or monitor-
ing method (i.e., a preservice testing or monjtoring

heat exchapgers in series, the{irst one in the series (as  method may be chosen specifically just to verify 4s-built
defined by|the fouling fluid)'should be given high prior-  characteristics), then the inservice testing or monjitoring
ity initially} as it would be€xpected to collect the major- ~ method shall also be performed as a part of, or jn con-

ity of fouling deposits. i, however, the heat loads for
either paralllel or sé€ries configurations are not identical,
then the orje with-the highest heat load should be given

high prior1ty.

junction with, the preservice testing or mon
method. This will provide a preservice baseline f
paring with future inservice testing or moni
results.

toring
r com-
toring

CAUTION: If heat exchanger geometries and tube plugging
levels are different, then tube velocities should be compared as
part of the prioritization process. Also, if the fouling fluid is on
the shell side, even if the heat exchangers are identical, there is
less predictability of individual heat exchanger performance due
to potential structural problems and nonuniform fouling.

4.2.3 Thermal Performance. If there is reason to
believe that a heat exchanger is experiencing thermal
performance degradation (possibly due to structural or
mechanical problems), then the suspect heat exchanger
should be given high priority.

5.3 Inservice Requirements

Inservice testing or monitoring shall be performed to
satisfy the program requirements of para. 5.1.

Inservice testing or monitoring shall be performed
prior to performing any corrective action that would
impact the thermal performance of the heat exchanger
(i.e., cleaning) to determine the “as-found” condition of

! The requirements of para. 5.2 are applicable only during the
period of time as specified in the definition of preservice test (see
section 2).
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the heat exchanger. This “as-found” condition is essen-
tial for establishing appropriate testing or monitoring
intervals.

Inservice testing or monitoring should be conducted
as soon as practicable following corrective action, unless
the effectiveness of the corrective action has been docu-
mented to be consistently repeatable.

Baseline inservice testing or monitoring shall be per-
formed as soon as practicable following structural
changes (excluding minor tube plugging) that make sig-

PART 21 (STANDARDS)

6.1 Functional Test Method

6.1.1 Objective. The objective of the functional test
method is to provide an indication of thermal perform-
ance degradation of a heat exchanger over time by mea-
suring a temperature that is dependent on the thermal
performance of the heat exchanger and to compare that
temperature with established acceptance criteria (see
section 9).

6.1.2 Descriptive Summary. The functional test

nificarjt permanent changes to the thermal characteris-  method will demonstrate directly that the heat
tics of the heat exchanger (i.e., modifying baffle plates).  exchanger is capable of meeting its accéptahce criteria
This bpseline inservice testing or monitoring shall be  (see section 9). It is applied to the tempergture of the
condugted on a clean heat exchanger to provide a com-  component or area that the heat.exehanger {s designed
parison with future inservice testing or monitoring  to cool (the “temperature of interest”) rather|than to the
result temperatures into or out of the heat exchdanger itself.

5.4 Interval Requirements

Test
such t

(see p
intervg

ng or monitoring intervals shall be established
hat the required action limits are not exceeded
ira. 9.3 and Fig. 1). If the testing or monitoring
1 [I (test) in Fig. 1] exceeds the maximum testing

Examples of temperatures.ofinterest are motqr or pump-
bearing temperatures, béaring oil temperatjires, pump
room temperatuges, and diesel jacket water
temperatures.

After meetingthe inclusion and exclusion friteria, the
temperatureyof/interest is then measured and compared
to the acceptance criteria for that heat exfhanger. A

or mofitoring interval, which assumes no corrective : : :
actiong are performed [I (max.) in Fig. 1], then corrective typical example is presented in Nonrhandatory
action|shall be taken. Appendix C of this Part, para. C-1.

Int.e vz.als sha.ll be estcablished b,asefi on preservice (or 6.1.3 Inclusion Criteria. The functional fiest method
baselirje inservice) testing or monitoring and subsequent shall be considered if

inserv
Inte

review

tional

ce testing or monitoring.

vals shall be adjusted as part of the program
based on fouling rate, type of fouling, opefa-

Fequirements, heat load availability, etc., to*guar-

(a) the acceptance criteria (see section 9) [of the heat
exchanger is stated explicitly in terms of a “t¢mperature
of interest” (i.e., motor stator temperature for a motor
cooler).

antee gatisfactory performance during the interval. (b) design accident flows and inlet tempefatures can
Intefvals shall not exceed 10 yr. . . e 2
be achieved during test conditions.

(c) the heat exchanger can be subjected tp the same

6 SELECTION OF METHODS (or greater) heat load that would be presenf under the

The
be seldg

appropriate testing or-monitoring method shall
cted for each heat éxghanger in the program.

If tegt methods are chesen, they may be supplemented
with monitoring meth¢ds performed between the tests.
Monit¢ring methods.may also be used to help determine
the need for teSting.

Selectioncofsthe testing and monitoring methods
should be‘made by assessing their respective inclusion
and exilusion criteria, additional criteria related to test-

accident conditions (i.e., for a pump room|cooler, the
pumped fluid temperature, any ventilatioh function,
and the motor load should be as they would be under
the accident condition).

(d) steady-state conditions (see para. 7.1)|do exist.

6.1.4 Exclusion Criteria. There are no exclusion cri-
teria for the functional test method.

ire of inter-
hte the heat

6.1.5 Required Parameter. The temperat

est shall be measured to (1112ﬁ+if‘2fi‘7!3]‘ evalu

ing and monitoring conditions (see section 7), and errors,
sensitivities, and uncertainties (see section 8). The crite-
ria for each method should be applied to each of the
heat exchangers selected until, through the process of
elimination, the most appropriate method is selected
(see Fig. 2).

While the testing and monitoring methods presented
here should cover the majority of applications, there is
no intent to limit the program to these methods if more
appropriate testing and monitoring methods are devised
for particular applications.

185

exchanger thermal performance using the functional test
method.

NOTE: The component of interest must be functioning within
the design basis during testing to ensure this method accurately
represents heat exchanger performance.

2 When operational restrictions prohibit the establishment of
design accident condition equipment heat load or process inlet
temperature for the conduct of this test, an equivalent heat load
may be applied by the use of portable heaters or other similar
means.
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Heat Exchanger Performance ——

Fig. 1 Intervals, Limits, and Parameter Trending (Typical)
N
N Trended per performance parameter (with no uncertainty)
_
N
N
N
A A4
Y 95%confidernce-mtervat (I.U gccountformeastrementerrors—
L and result sensitivities, i.e., to account for total uncertainty
o 7\ in the test monitoring result)
N
N N
N ™ \\

Trended (and projected) performance parameteri\tafter

| \\\\ applying total uncertainty in most conservative'direction)
N B
N
| 3 \\\ Projected performance\parameter
| N
Component Design Lir;nit \\\ \\‘;4 D ~
I I N / AN
N N
ReQUlred Action L|m|t N - AN \\\
N N e
| | N T\*
A
System Operability Limit D \\\ | c \\\ B AN
| | S Al
| N | AN S
| D | N A N
| | SSENY BN
AN N
| (test) |<—>| | M SNo N
I (test) |<—>| |~ N AN
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lfmax.) | | N ~ S
I I N
N N
| | N
| |
| |
| |

LUEGEND:
I (max.)

1, 72,73
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| (test) =

histoyical test or monitoring interval

maximum test or monitoring interval if no corrective actions are performed.

If.1 (max.) < | (test) then corrective action shall be taken

successive test or monitoring data points

latest test or monitoring data point

heat exchanger unable to satlsfy reqwrements speC|f|ed on component data sheet (Wlth no unce

heat exchanger unable to satlsfy reqwrements for operatlonal readiness (after accountlng for total
uncertainty by applying 95% confidence interval in most conservative direction)
current “absolute” operating margin (with no uncertainty)
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Fig. 2 Method Selection Chart

Section 6.0

Are
criteria for design Are
acceptance accident flow test Yes Functional
stated explicitly in and temperature conditions oot ceeth gl
conditions at steady

terms of a TOI
[Note(1)]?

available?

state?

Are test
conditions at
steady state?

Heat transfer
coefficient test
method wijth
condensation

Yes

Yes

Yes

Are test
conditions at
steady state?

Is there Are
sutfrf‘iizgnt sufficient test
racy for No accuracy for No conditions Yes
sgggt?:rzsfzr temperature repeatable and
methods? effectiveness steady
. methods? state?

Temperature
difference
monitoring meth

Is

Does
a phase Are test _Are bOt.h |
change occur conditions at design accident r%fas;l;rr:mc;sri No
at test steady state? fI_ows available?
conditions? available? .

Yes

Visual inspectiof
monitoring
method

Is
pressure
loss a good
indication of
HX fouling?

Heat transfer
coefficient-test Yes Pressure loss
methedwithout Yes monitoring
phase’change method
Is
he; ilaoad reservoir ?)‘;ZZ:
flui 11 mi
availableand Yes uéi&”fanm);ed No ) change occur at No Tempfarature
is the thermal temperature Point A test or design effectiveness
transient be measured as acg!c.!ent , test method
? a function conditions?
gradual? of time?
*No ‘ Yes
X . . Yes
Transient Batch Visual |r_1$pf-zct|on
test method test method monitoring
method
NOTE:
(1) Temperature of interest.
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6.2 Heat-Transfer Coefficient Test Method (Without
Phase Change)

6.2.1 Objective. The objective of the heat-transfer
coefficient test method (without phase change) is to
determine the heat-transfer capability of a heat
exchanger when a phase change is not occurring at test
conditions.

6.2.2 Descriptive Summary. After meeting the

ASME OM-2012

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

6.3 Heat-Transfer Coefficient Test Method (With
Condensation)

6.3.1 Objective. The objective of the heat-transfer
coefficient test method (with condensation) is to deter-
mine the heat-transfer capability for heat exchangers
having condensation from steam-air mixtures (e.g., air

] r=t £ heat h ) duri
coolers or air-to-wwator hoaot oxc angavc/ 11l '1g test

inclusion pnd exclusion criteria and measuring the
required pgrameters, a methodology is applied (a typical
example is|presented in Nonmandatory Appendix C of
this Part, spction C-2) that will result in the calculation
of a fouling resistance for the heat exchanger and the
determinafion of the heat-transfer capability of the heat
exchanger [to ensure operational readiness.

clusion Criteria. The heat-transfer coefficient
od (without phase change) shall be
if

lesign basis specifies safety function (or
criteria, see section 9) in terms of heat duty

6.2.3 |
test meth
considered

(a) the
acceptance
(Btu/hr).

(b) suffigient accuracy (in accordance with section 8)
is achieval]le at test conditions.

(c) a phase change does not occur at test conditions.

(d) steady-state conditions (see para. 7.1) do exist.

6.2.4 Hxclusion Criteria. The heat-transfer coeffi-
cient test thethod (without phase change) shall not be
considered| if

(a) the flow on the shell side traverses flow regimes
in going frpm the test condition to the design accident
condition gnd the resulting correlational inaccuracy can-
not be accgunted for (see para. 8.6):

(b) the fpuling rate is such that operability cannot be
maintained between tests (because heat loads are not
available; dee para. 5.4 andsection 9).

6.2.5 Rpquired Parameters. At least five of the fol-
lowing six| parameters [subparas. 6.2.5(a) through (f)]
shall be measured\to quantitatively evaluate the heat
exchanger [thermal performance using the heat-transfer

conditions.

6.3.2 Descriptive Summary. After meetilEg the
inclusion and exclusion criteria andiuméasuring the
required parameters, a methodologyisapplied (aftypical
example is presented in Nonmandatory Appendix C of
this Part, section C-3) that will\sesult in the calcpilation
of a fouling resistance for the‘heat exchanger and the
determination of the heat-transfer capability of the heat
exchanger to ensure operational readiness.

6.3.3 InclusionCriteria. The heat-transfer cogffficient
test method (with“condensation) shall be considered if
(a) the design basis specifies safety functjon (or
acceptancetcriteria, see section 9) in terms of heat duty
(Btu/hr)
(b) “sufficient accuracy (in accordance with sedtion 8)
is-achievable at test conditions.
(c) condensation occurs during the test condifions.
(d) steady-state conditions (see para. 7.1) do exist.

6.3.4 Exclusion Criteria. The heat-transfer|coeffi-
cient test method (with condensation) shall not be con-
sidered if

(a) the flow on the shell side traverses flow rpgimes
in going from the test condition to the design afcident
condition and the resulting correlational inaccuragy can-
not be accounted for (see para. 8.6).

(b) the fouling rate is such that operability cafnot be
maintained between tests (because heat loads are not
available, see para. 5.4 and section 9).

6.3.5 Required Parameters. At least seven|of the
following 10 parameters [subparas. 6.3.5(a) throfigh (j)]
shall be measured to quantitatively evaluate the heat
exchanger thermal performance using the heat-transfer
coefficient test method (with condensation). Measure-

coefficient tést method (without phase change). The
sixth parameter may be calculated from the other five
(see para. 8.5). The accuracy of the calculated parameter
depends on the accuracy of the other five parameters
(see section 8).

(a) cooling fluid inlet temperature

(b) cooling fluid outlet temperature

(c) process fluid inlet temperature

(d) process fluid outlet temperature

(e) cooling fluid flow rate

(f) process fluid flow rate
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ment of the following parameter in subpara. (a) below
is required:

(a) process fluid (steam-air mixture) pressure

In addition, at least five of the following six parame-
ters [subparas. (b) through (g) below] shall be measured.
The sixth parameter may be calculated from the other
five (see para. 8.5). The accuracy of the calculated param-
eter will depend on the accuracy of the other five param-
eters (see section 8).

(b) cooling fluid inlet temperature

(c) cooling fluid outlet temperature
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(d) process fluid (steam-air mixture) inlet
temperature

(e) process fluid (steam-air mixture) outlet
temperature

(f) cooling fluid flow rate

(g) process fluid (steam-air mixture) flow rate

In addition to the above, any one of the following three
parameters [subparas. 6.3.5(h) through (j)] is required:

(h) process fluid (steam-air mixture) inlet relative

humidity

PART 21 (STANDARDS)

significant [“steep” being defined as the left sides of
inequalities (1) through (3) in para. 7.1 being >0.25Q)].

(b) the value of thermal inertia (per para. 7.1) cannot
be calculated.

(c) the flow on the shell side traverses flow regimes
in going from the test condition to the design accident
condition and the resulting correlational inaccuracy can-
not be accounted for (see para. 8.6).

(d) the fouling rate is such that operability cannot be

maintained-between—tests (1'101'”:1100 heat-leads are not

(i) process fluid (steam-air mixture) outlet relative available, see para. 5.4 and section 9).
humidity (e) significant condensation occurs 3t the test
(j) grocess fluid (steam-air mixture) condensation conditions.
rate
Othg¢r relevant parameters may be measured to reduce 6-4.-5 quuired Parameters, )At least sqven of the
the toflal uncertainty in the calculated result. following eight parameters([subparas. (a) through (h)
I below] shall be measured:t@*quantitatively gvaluate the
6.4 Transient Test Method heat exchanger thermal‘performance using the transient

test method. Measurement of the following gix parame-

6.4{1 Objective. The objective of the transient test [subparas. (a)&hrough (f) below] is reqliired:
methofl is to determine the thermal performance of a (@) coolingAid inlet temperature time history
heat exchanger when steady-state conditions (see (b) process fluid inlet temperature time 11:Tistor
para. 7.1) cannot be achieved during the test. P P y

6.4.2 Descriptive Summary. After meeting the
inclusjon and exclusion criteria and measuring the
required parameters, a methodology is applied (an
examplle is presented in Nonmandatory Appendix C of
this Pqrt, section C-4) that will result in the calculation,
of a fquling resistance for the heat exchanger and ithe
deternpination of the heat-transfer capability of the heat

(c) cooling fluid flow rate time history

(d) process fluid flow rate time history

(e)~cooling fluid initial temperature profil
heat exchanger

(f) process fluid initial temperature profil
heat exchanger

In addition, at least one of the following two parame-

b inside the

b inside the

. . ters [subparas. (g) and (h) below] shall be measured:

exchariger to ensure operational readiness. (g) cooling fluid outlet temperature time |histor

The fransient test method refers to measuring the time 8 & . p . . y
it takgs for temperatures to change in response to a (h) process fluid outlet temperature time history
transignt heat load being placed on the-heat exchanger. Other relevant parameters may be measurqd to reduce
The trgnsient test method may be used/where flow rates the total uncertainty in the calculated resulf.
or inlef temperatures (or both) vary/during the test. An .
exampjle would be the cooling.bf fhe component cooling ~ 6-5 Temperature Effectiveness Test Methog
water |oop after its initial temperature has been allowed A

. . . . 6.5.1 Objective. The't t ffect test
to increase temporarily by stopping the cooling water > o ¢ Jemperature erecveness tes
flow tb the componert cooline water heat exchanger method is used to predict the effectiveness jof the heat

P & ek exchanger at a known reference point (design accident

6.4)3 Inclusion\Criteria. The transient test method  condition, design point, test point, established using the
shall be consideted if heat-transfer coefficient test method). This method

(a) the design basis specifies safety function (or assumes that the process and cooling fluid{mass flow
accepthnce-eriteria, see section 9) in terms of heat duty  rates at the test point are essentially the same as those
(Btu/lﬂ r)' at the reference Pr\iﬂf (nﬁﬂ'\iﬂ i":o]) This test method is

(b) sufficient accuracy (in accordance with section 8)
is achievable at test conditions.

(c) an appreciable heat load is available such that the
temperature of the process fluid can be raised
temporarily.

(d) a phase change does not occur at test conditions.

6.4.4 Exclusion Criteria. The transient test method
shall not be considered if

(a) the transient is a steep function of time, such that
the thermal inertia of the heat exchanger becomes

189

accomplished by collecting the process and cooling fluid
inlet and outlet temperatures at the test point, choosing
two temperatures at the reference point, and calculating
the remaining two temperatures at the reference point.

6.5.2 Descriptive Summary. The temperature effec-
tiveness is the ratio of the temperature change of the
tube-side fluid to the difference between the two fluid
inlet temperatures (sometimes called temperature effi-
ciency). For plate-type heat exchangers, the cooling fluid
side may be considered to be the tube side.
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NOTE: The temperature effectiveness is defined with respect to
the tube-side terminal difference in the foregoing. Alternatively,
the effectiveness may be defined with respect to the shell-side
terminal difference; perform all required calculations in a consist-
ent manner.

After meeting the inclusion and exclusion criteria and
measuring the required parameters, the temperatures
that are measured are applied using a methodology (a
typical example is presented in Nonmandatory
Appendix C of this Part, section C-5) that will result in

ASME OM-2012

and the overall heat-transfer coefficient of a heat
exchanger by measuring the aggregate quantity of heat
removed by the heat exchanger in the batch mode from
a source of large thermal capacity (process fluid reser-
voir). It provides an alternative to the previous test meth-
ods when steady-state test conditions (see para. 7.1)
cannot be achieved.

The batch test method is accomplished by measuring
the initial process fluid and final process fluid reservoir
temperatures over a measured time period, while hold-

the deternfination of two of the four temperatures at . . N .
. . ing the cooling fluid inlet temperature constant] Using
the known(reference point, which can then be compared . . )
. o . . . the thermal capacity of the process fluid reservpir, the
with the acfeptance criteria. This method is conservative .
. . . o . temperature effectiveness and the overalll heat-transfer
if the design accident condition temperatures are higher ..
e coefficient can be calculated.
than the test condition temperatures because of the
improved| heat-transfer coefficient at higher NOTE: The description presented hetein assumes the geservoir
temperatuftes. to contain the process fluid. The testtand the calculationgl proce-
6.5.3 Inclusion Criteria. The temperature effective- dures will r:rfain }Yalid;fbthi;everse Cor;ldifccilon exists (i.4., a cool
ness test njethod shall be considered if reservoir is being heated by tigprocess fluid).
(a) suffigient accuracy (in accordance with section 8) 6.6.2 Descriptive Simmary. After meeting th¢ inclu-
is achievalle at test conditions. _ o sion and exclusion-riteria and measuring the rgquired
(b) bOth. test ﬂQWS can be manipulated to within +5% parameters, a methodology is applied (a typical example
of the de§1gn ac?ldent flows. _ is presented inNonmandatory Appendix C of thiis Part,
(C.) design aClei?nt temperatures cannot be achieved  goction C-6)\that will result in the determinatior] of the
during tes{ conditions (e.g., for pump room coolers). temperatare effectiveness and the overall heat-tfansfer
(d) steady-state conditions (see para. 7.1) do exist. coefficient of the heat exchanger.
6.5.4 Ekxclusion Criteria. If a phase change is . .
expected tp occur at either the test or known reference \ 6'6’3_(;“[;5_';" Criterla, The batch test methqd shall
point, ther| the temperature effectiveness test method € considered 1
shall not bk considered. (a) sufficient accuracy (in accordance with sedtion 8)

6.5.5 Required Parameters. Six of the following

is achievable at test conditions.
(b) the temperature of the process fluid reservpir can

eight parateters [subparas. (a) through (h) below] shall . .
be used to quantitatively evaluate the heat\exchanger be measured -as .a function of tlrne.- .
thermal pgrformance using the temperature effective- (c) the fluid in the process fluid reservoir |s well
ness test ethod. Measurement of the following four mixed. ) )
parameter§ [subparas. (a) through (&) below] is required: (d) the heat ex.changer is the so}e medlum for fche
(a) cooling fluid inlet temperatuye at test conditions ~ enthalpy change in the process fluid reservoir |during
(b) coolihg fluid outlet temperature at test conditions ~ the test.
(c) procgss fluid inlet temperature at test conditions (e) steady-state conditions (see para. 7.1) do nqt exist.
(d) process fluid outlet.temperature at test conditions . o
6.6.4 Exclusion Criteria. The batch test methqd shall
In additipn, only tw.0:0f the following four parameters not be ionsi dered if ePatchfestinethqd sha
[subparas.|(e) throtigh' (h) below] shall be chosen: (@) the fl the shell side t f |
(e) coolihg flfiid ‘inlet temperature at the reference . @ the Tow on the Shetl Side traverses Low rpgimes
oint in going from the test condition to the design afcident
P (f) coolihe Huid-outlet temperatureatthe reference condition and the resulting correlational inaccurafy can-
point © P o not be accounted for (see para. 8.6).
(g) process fluid inlet temperature at the reference (b) the fouling rate of the heat exchanger is such that
point the overall heat transfer of the heat exchanger is changed

(h) process fluid outlet temperature at the reference
point

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

6.6 Batch Test Method

6.6.1 Objective. The objective of the batch test
method is to determine the temperature effectiveness
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during the test.

(c) the fluid in the process fluid reservoir undergoes
a phase change.

(d) the flow rate or inlet temperature of the cooling
fluid is subject to variation during the test.

6.6.5 Required Parameters. The following six
parameters [subparas. (a) through (f) below] shall be
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determined to quantitatively evaluate the heat
exchanger thermal performance using the batch test
method. These six parameters are required to calculate
the temperature effectiveness

(a) mass of the process fluid

(b) initial process fluid inlet temperature

(c) final process fluid inlet temperature

(d) time required to cool the process fluid

(e) cooling fluid flow rate

PART 21 (STANDARDS)

6.7.4 Exclusion Criteria. If the degree of operating
margin is known to be small (in which case one of the
more rigorous “test” methods, combined with parame-
ter trending, may be required), then temperature differ-
ence monitoring method shall not be considered.

6.7.5 Required Parameters. The following two
parameters [subparas. 6.7.5(a) and (b)] shall be mea-
sured to indirectly evaluate the heat exchanger thermal
performance using the temperature difference monitor-

()

In adldition, to calculate the overall heat-transfer coef-
ficient] the following parameter in subpara. (g) below
shall be measured:

(g) process fluid flow rate

Oth¢r relevant parameters may be measured to reduce
the toflal uncertainty in the calculated result.

1. Lo 1 - 1 o ‘
Ullllé ITUIU ITTICT LCII[}JCIC{LULC

6.7 Te
6.7

mperature Difference Monitoring Method

1 Objective. The objective of the temperature
differepce monitoring method is to provide an indication
of therpnal performance degradation of a heat exchanger
over time by monitoring the relationship between the
tempetature of interest and the inlet temperature of the
cooling fluid.

6.7{2 Descriptive Summary. In certain applications,
where the heat exchanger coolant temperatures fluctuate
(e.g., due to seasonal fluctuations in cooling fluid.tém-
peratufe), an indication of heat exchanger thermal per-
forml;Lce may be obtained by monitering the
tempetature of interest and the exchanger ¢odling fluid
inlet t¢mperature. With accumulated operating experi-
ence, g correlation between these temperatures may be
establlished that permits detection of changes in

excharnger performance through comparison of results

g metthod:
(a) cooling fluid inlet temperature
(b) temperature of interest
Other relevant parameters may be meéasurdd to reduce
the total uncertainty in the caleulated resul{.

6.8 Pressure Loss Monitoring Method

6.8.1 Objective. The’objective of the pyessure loss
monitoring method'is to monitor the pressurg loss across
a heat exchanger, eorrected for flow conditipns.

6.8.2 Descriptive Summary. After m
inclusion and exclusion criteria and measuring the
required parameters, a methodology is appligd (a typical
example is presented in Nonmandatory Appendix C of
this‘Part, section C-8) that will result in the |calculation
of a pressure loss, corrected to the acceptapce criteria
flow rate, for comparison with an acceptancp criteria at
that same flow condition.

Increases in pressure loss observed in a tgend can be
used as an indicator of the onset of flow blpckage and
thus as an aid in determining inspection arnd cleaning
frequencies (refer to para. 6.10 and Noninandatory
Appendix C of this Part, section C-10). [f the heat
exchanger is of the plate and frame type, this method
may be the most sensitive for monitoring pgrformance.

Even if heat loads are available, when fquling rates

eeting the

fro:; ceesstve t}e1st§. lug d exclusi eriaand € high, pressure loss monitoring may provide a simple
t .meetmgt € INCIYROY! and. exc usion criteria an way to monitor fouling without having to| frequently
measufing the requiredsparameters, the temperature of

interegt and the cooling fluid inlet temperature are mea-
sured. Deviation of the measured temperature difference
from that predictéd by the correlation for the measured
cooling fluid.inlet temperature provides an indication
of hea} exchanger performance change. An example is
presented in Nonmandatory Appendix C of this Part,

perform heat-transfer analysis.

6.8.3 Inclusion Criteria. The pressure lops monitor-
ing method shall be considered if

(a) the design basis specifies safety fy
acceptance criteria, see section 9) explicitly

pressure loss

nction (or
in terms of

section C-7.

6.7.3 Inclusion Criteria. The temperature difference
monitoring method shall be considered if

(a) the equipment loads and the process temperatures
and flows that create the heat load of the heat exchanger
of interest are of the same magnitude for each test in
the series.

(b) heatload and flows can be repeatedly attained for
each test in a series of tests.

(c) steady-state conditions (see para. 7.1) do exist.
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(b) the correlation between pressure loss and heat
transfer is known.

(c) the fouling characteristics (see Nonmandatory
Appendix B of this Part, section B-11) are likely to create
a flow restriction.

6.8.4 Exclusion Criteria. The pressure loss monitor-
ing method shall not be considered if

(a) the heat exchanger fouling layer thickness is small
so as to preclude pressure loss from providing a reliable
indication of heat exchanger capability.
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(b) the fluid being monitored is a liquid on the shell
side of a heat exchanger.

(c) the degree of operating margin is known to be
small (in which case one of the more rigorous “test”
methods, combined with parameter trending, may be
required).

(d) the flow rate on the tube side traverses flow
regimes in going from the test flow rate to the acceptance
criteria flow rate.

ASME OM-2012

wet condition. Even wet fouling layers of only a few
thousandths of an inch can cause significant degradation
in heat transfer. These thicknesses would become even
more difficult to detect in their dry condition.

(d) a preestablished acceptably clean condition exists
to which the “fouled” observation may be compared
(since a visual inspection cannot quantitatively evaluate
heat exchanger performance).

6.9.4 Exclusion Criteria. The visual inspection mon-

6.8.5 mreters—The fottowingtwo

parameter§ [subparas. 6.8.5(a) and (b)] shall be mea-

(a) the
(b) the

onitored fluid flow rate
onitored fluid pressure loss

bjective. The objective of the visual inspec-
ring method is to determine the condition

that the heft exchanger being inspected will perform its
intended ffinction if it is maintained within a preestab-
lished acc¢ptably clean condition. After meeting the
inclusion pnd exclusion criteria and measuring the
required parameters, the heat exchanger is inspected
(typical ingpection types and techniques are presented
in Nonmandatory Appendix C of this Part, section C9)
and the abllity of the heat exchanger to meet itsaceept-
ance criterfa is evaluated based on the as-found condi-
tion of the[component.

The visdal inspection monitoring method consists of
visually ingpecting the heat exchanger'periodically, usu-

itoring method shall not be considered if

(a) unacceptable fouling would not be readily
able by visual inspection (i.e., biofilms or very low
able fouling resistances).

(b) the degree of operating mafgin is known to be
small (in which case one of the/more rigoroug “test”
methods, combined with pafamieter trending, may be
required).

detect-
allow-

6.9.5 Required Parameters. Although no gpecific
parameters are requfired for the inspection monfitoring
method, some ifispection techniques may monitor cer-
tain parametérs.'For a discussion of typical inspection
types and\.techniques, refer to Nonmanglatory
Appendix;C of this Part, section C-9.

6:10 Parameter Trending

6.10.1 Objective. The objective of parametey trend-
ing is to provide a systematic method for tracking heat
exchanger performance over time and to provide a tool
for predicting the need for remedial action.

Parameter trending shall be used to help egtablish
appropriate intervals and acceptance criteria, jand to
supplement the testing and monitoring m¢thods
described in paras. 6.1 through 6.9.

ally by dishssembly, allowing access to the internals of
the cooling|fluid and process fluid.sides. Also, corrective 6.10.2 Descriptive Summary. Parameter trpnding
action (e.g, cleaning) or additional inspections (e.g.,  yses the results from one or more of the test or monitor-
eddy currgnt testing or other NDE to determine integ-  jng methods described in paras. 6.1 through 6.9. Th addi-
rity) can beimplemented based on the inspectionresults.  j5n other parameters may be trended. The mdasured
The inspeption interval can be adjusted, based on  , calculated heat exchanger performance parameters
experience are trended to determine a projected rate of performance
6.9.3 1| degradation (see Fig. 1). The time to the next rdquired

clusion Criteria. The visual inspection moni-
toring me;lﬁod shall be considered if

corrective action, and changes in the rate of performance

(a) it is not possible to test or monitor by one of the
previously described methods.

(b) there is sufficient access to the heat exchanger,
such that the evaluator is able to cover a representative
sample of the heat exchanger surface on the side most
likely to foul.

(c) it is understood by those doing the inspections
that the thickness of many biofilm layers is significantly
reduced when they are in a dry condition and the layers
can appear deceptively thin during an inspection when
in fact they may be significantly thicker in their normal
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degradation that may indicate the onset of operational
problems, may be readily detected through parameter
trending.

After selecting the parameters to be trended (see
Nonmandatory Appendix C of this Part, section C-10)
and trending these parameters for a minimum of three
test or monitoring points, the trended parameters are
compared to the applicable acceptance criteria (refer to
section 9 and Fig. 1). Typical trendable parameters are
presented in Nonmandatory Appendix C of this Part,
section C-10.
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7 TESTING AND MONITORING CONDITIONS

PART 21 (STANDARDS)

where

C; = specific heat of material of i energy
7.1 Steady State storage element, Btu/lbm-°F
Steady state as defined here is applicable to the follow- M; = mass of i energy storage element
ing test and monitoring methods: (i.e., tubes, shell, water) in the heat
(a) functional test method using inequality (1) below ethanger, Ibm
(b) heat-transfer coefficient test method without Q = minimum of average I?UIk heat trans-
phase change using inequalities (1) through (3) below .fer rate calculated using the follow-
(c) heat-transfer coefficient test method with conden- ing two steady-state formulas,
 ONusine ineaualitics (1) throueh (3) balow. but Btu/sec:
sation £ = s {39 - Ve T T
expresped in terms of enthalpy Q= l(WC)SheH(t 1 _t 2)
(d) femperature effectiveness test method using T = thl_'cll( : l)t“be( 1= duri
inequdlity (1) below 1 = shell-side inlet temperature during
d Y . o . time period 71,'¢F
(e) temperature difference monitoring method using o .
. . t; = tube-side inlef\temperature during
inequadlity (1) below time peri6d 71, °F
For Jall other test and monitoring methods, steady T, = shell-si ’ .
. . » = shell-side.outlet temperature during
state i$ not required. time(period 71, °F
Flows and tempe.ratures should bg .helld cons.te.mt t, = tubeside outlet temperafure during
throughout the duration of the test to minimize precision time period 71, °F
errors (see para. 8.1.2), ’Eo minimize errors associated Ty = instantaneous average of both inlet
with densor response times, and to allow the heat and both outlet temperafures, °F; if
excharger time to reach steady-state conditions. only three temperaturep ar e, rru,e a-
A steady state exists when the transient part of the sured then the fourth tgmperature
heat dyity is very small when compared to the total heat should be calculated |using the
duty defined as steady-state equations
(WC)shell, min = minimum value of the prgduct of the
[2 (Mi)(cf)}[(ATave)/ @Anl<Q @ shell-side mass flow rate gnd specific
heat during time intervall 71
and thp fluid flow on both the cooling fluid and process (WC)be, min = minimum value of the pr¢duct of the
fluid sjdes has reached a steadiness defined as tube-side mass flow rate gnd specific
heat during time interval| 71
[T1 = TL[AWC)shen] < Q (2) AT,,e = change in T, over At titpe, °F
A(WC)spen = change in the product of shell-side
[t — LIAWC )ube] <O ) mass. ﬂon rate and specific heat dur-
ing time interval A7, Btuf°F-sec
CAUTIPDN: The application of time=independent analysis tech- A(WC)upe = change in the product of tube-side
niques [i.e., steady-state methods) to-time dependent (i.e., tran- mass flow rate and specifjc heat dur-
sient) cpnditions will result in invalid analyses. If steady-state ine time interval A7, Btuf°F-sec
conditipns cannot be achieved or adequately determined, an Ar = ti & N b 4 .
alternatiive testing or mofitoring method should be considered. T = time 1n.terva etween successive
data points, sec
NOTE: | The variation.in’the total heat duty should be sufficiently 71 = ten times the maximum value of
small tolensure thatsteady-state conditions exist for a given appli- either of the following in|seconds:
cation. Experience has shown that variation in total heat duty of
3.0% o1] les§,»when applied to inequalities (1) through (3), will 2 [MiC; / (WC )shell, min]
result in) conditions that adequately approximate steady state for !
current analytical models. Determining the rate ol change of .. Z [MLC 7TWC Jtube, minl
1

for variation in the total heat duty does not require the use of
highly accurate instruments. Statistical techniques may be used to
evaluate the difference between a series of points over time. This
evaluation of the difference will negate the bias inherent to the
instrument string being employed (see NOTE in Nonmandatory
Appendix C of this Part, para. C-11.1.1). The precision required to
meet accuracies of 3.0% or less in the total heat duty can then be
achieved by increasing the number of data sets taken (see
Nonmandatory Appendix C of this Part, para. C-11.1.2).

These inequalities must be continuously satisfied for
a time period greater than 71,
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NOTE: The above is not applicable to situations where either
fluid is undergoing a phase change.

7.2 Flow Regimes

The flow regime(s) present on both the tube and the
shell side of the heat exchanger under evaluation shall be
identified, during both the test and the design accident
conditions.

When going from test to design accident conditions,
traversal of flow regimes is acceptable, except when
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specifically limited or prohibited by the exclusion crite-
ria for a specific testing or monitoring method.

If traversal of flow regimes does occur, the additional
uncertainty introduced by applying the required correc-
tions shall be properly accounted for.

CAUTION: The uncertainty associated with traversal of flow
regimes on the shell side is much greater than the uncertainty
associated with traversal of flow regimes on the tube side. This
may significantly affect the overall accuracy of the calculated
value for the : e e heat e :

7.3 Tempgratures

Testing
to design a
the errors
when ext
conditions

hall be conducted at temperatures as close
ccident conditions as practicable to minimize
introduced by changes in fluid properties
apolating from test to design accident

8 ERRORS, SENSITIVITIES, AND UNCERTAINTIES

Statisticdl methods shall be employed to ensure that
both measyrement errors and result sensitivities are con-
sidered w}en calculating the total uncertainty of any
test or morfitoring result. Measurement errors associated
with measyirement parameters used as equation inputs
shall be prppagated through the equation to determine
the sensitiyity of each measurement parameter on the
test or monitoring result and to determine the total
uncertainty of the test or monitoring result.

The tota] uncertainty shall be determined every-fime
a test or nmponitoring is performed, because the)total
uncertainty will depend significantly upon the heat load
available during the test and the cleanliness-of the heat
exchanger [during the test. In fact, the~cleaner the heat
exchanger fs, the more sensitive the-testtesult will be to

A 95% cpnfideneé level shall be applied to the calcu-
lated resulf for the ptrpose of comparing the testing or
monitoring results to the acceptance criteria. Based on
the heat exchanger design values and the plant design

ASME OM-2012

NOTE: If the total uncertainty of the test or monitoring result is
determined to be too great to allow for meaningful results (i.e., the
total uncertainty is greater than the available margin), then either

(a) measurement errors should be decreased as outlined in para.
8.1 and Nonmandatory Appendix C of this Part, section C-11 or

(b) whatever actions are necessary should be taken to increase
the available margin

8.1 Measurement Errors

Instrumentation accuracies used for testing and moni-
oring s be-s or-eac s selected, the
determination of measurement errors, in conjynction
with the result sensitivities, allows corrective ‘actiions to
be performed so as to maintain heat exchahger|opera-
tional readiness at all times. The measurement error
consists of bias (fixed), precision (fandom), and [spatial
errors. A conventional method for calculating measure-
ment errors is summarized in Nonmangatory
Appendix C of this Part, section C-11.

The following considerations shall be addrej
minimize measurementerrors:

(a) selection, calibration, and placement of jnstru-
ments (see Nofimandatory Appendix C of this Part,
section C-11)

(b) test ahd monitoring conditions (see sectio!

(c) instrument response times, transport delay
and other factors (see Nonmandatory Appendice
B_of this Part)

sed to

h?7)
times,
A and

8.2 Result Sensitivities

Result sensitivities refers to how the previougly dis-
cussed measurement errors are propagated through the
calculational process. These sensitivities will b¢ influ-
enced by the test or monitoring method selected| There
are two basic methods for determining result sepsitivi-
ties: analytically and numerically. Due to the complexity
of calculating the partial derivatives of a heat exchanger
test result (e.g., fouling factor) with respect to ¢ach of
the measurement parameters (i.e., the analytical
method), the numerical method is the preferred
for this application. This method (sometimes called the
“numerical perturbation” method) is summarjzed in
Nonmandatory Appendix C of this Part, sectior] C-11.

8.3 Total Uncertainty

Total uncertainty refers to how the previoudly dis-

requirements for each heat exchanger function, a
“required action limit” for corrective actions shall be
established (see para. 9.3 and Fig. 1).

A standard statistical method for calculating the total
uncertainty in the result is presented in Nonmandatory
Appendix C of this Part, para. C-11. More sophisticated
statistical methods may be used, which use additional
effects (i.e., nonsymmetrical error, calculational bias, and
redundant measurements), to improve the accuracy of
the result, provided these methods are technically
justifiable.
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cussed result sensitivities are combined to arrive at a
total uncertainty for the test or monitoring result. This
total uncertainty will be influenced by the test or moni-
toring method selected. A method for determining the
total uncertainty is summarized in Nonmandatory
Appendix C of this Part, section C-11.

8.4 Calculations and Averaging

All measured parameters shall be collected (sampled)
at the same time, for each test interval, to minimize
errors associated with variations in test conditions that
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might occur during the test. After collecting the appro-
priate number of data sets (see Nonmandatory
Appendix C of this Part, para. C-11.1.2) and after
rejecting any inconsistent data, each parameter shall be
averaged. The test result shall then be calculated based
on these average values.

To minimize error propagation through the remainder
of the calculations, if additional, nonrequired parame-
ters are able to be measured (see section 6), the total
uncertainty in the result should be calculated using both

PART 21 (STANDARDS)

more accurately reflect the true value of the heat-transfer
coefficient.

9 ACCEPTANCE CRITERIA

Acceptance criteria consists of the following three
types of limits:

(a) system operability limits

(b) component design limits

(c) required action limits (see Fig. 1 and section 2 for

the mdasured and the calculated value of each parame-
ter. A tlypical approach is summarized in Nonmandatory
Apper|dix C of this Part, para. C-11.4.

8.5 Validity Check

The [additional, nonrequired parameters may also be
used ab a validity check for the method being used (see
section} 6).

For example, for the heat-transfer coefficient test
methofl (without phase change), although measurement
of only five of the six parameters is required (the sixth

value

dernnitions)

9.1 System Operability Limits
ed for each
ty Analysis
ther design

System operability limits shall be establish
heat exchanger, in accordance with 'the Safe
Report, safety evaluation requitements, or o
calculations.

System operability limits ‘shall be used f
required action limits-(see para. 9.3).

Examples of system'operability limits are

(a) a requirement that a prescribed amo
must be tramsferred by some combinati
exchangers_ under several operating conditipns

(b) a tequirement that pressure loss mugt be main-
tained<bélow a certain value at a given flow rate to
enstire adequate performance

(c) arequirement (based on the intended gafety func-
tion) that the temperature of a component (e.g., a bearing
temperature) or an enclosed space (e.g., a ppmp room)
being serviced by a heat exchanger be maintained below
a set temperature under accident conditiong

o establish

as follows:
int of heat
on of heat

9.2 Component Design Limits

Component design limits shall be identifipd for each

both rglative humidity parameters be measured to pro-  heat exchanger, in accordance with the heaf exchanger
vide ajmeans for validating the test byjcomparison with  gpecification sheet, the heat exchanger desigr| data sheet,
the other relative humidity parameter. or other similar component design specifidation. This

Ad
the red
validit

itional parameters may be measured, in excess of
uired parameters, if desired, to use as additional
 checks.

as-designed heat exchanger data should be|verified to
correspond to the as-built heat exchanger.

Component design limits shall be used [to indicate

8.6 Crrelational Uncertainty component degrad'fa’gon .thz.at, although not| exceeding
B ' . ' the system operability limits, may nonethgless be of
Additional uncertainty may be introduced into the  concern from a component reliability standpoint.

test re
empiri

sult dueto*the uncertainty associated with the
cal correlations used for heat-transfer film coeffi-
cients (i.e.;the correlational uncertainty, typically 15%
to 20%IL This is especially true if the flow on the shell side

more or less
ts. When the

NOTE: System operability limits may allow either]
component degradation than component design lim|
system operability limits allow more component degfadation than
the component design limits (as depicted in Fig. 1), while system

traverses flow regimes in going from the test condition to
the design accident condition. However, if heat-transfer
coefficients are calculated using the backcalculation
method, then this uncertainty is significantly reduced.
This is because any uncertainty in the correlation-based
heat-transfer coefficients is corrected by the manufac-
turer by using an experience-based correction factor to
develop the design rated duty of the heat exchanger
(which reflects the heat exchanger’s true performance).
When this duty is used to backcalculate the heat-transfer
coefficient, it will include this correction factor and, thus,
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operability may not be threatened, component reliability could be
threatened (refer to Nonmandatory Appendix B of this Part, section
B-12). When the system operability limits allow less component
degradation than the component design limits, the component
design limits will serve no useful function for inservice testing
(for preservice testing, see below). While no action is required for
exceeding component design limits, corrective action should be
taken at the next available opportunity to ensure continued compo-
nent reliability.

Component design limits shall also be used during
preservice testing to confirm that the component is or is
not performing according to the component design limit.
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Examples of component design limits are as follows:

(1) a requirement that a single heat exchanger was
designed to transfer a specific amount of heat

(b) a requirement that a single heat exchanger was
designed for operating with a specified pressure drop

9.3 Required Action Limits

Required action limits shall be established for each
heat exchanger to allow corrective action to be taken

ASME OM-2012

exchangers may be required. If the fouling (or degrada-
tion) mechanism responsible for the first failure was the
“normal” or “expected” mechanism, and if it occurred
at the “normal” or “expected” rate, then no further eval-
uation is required. If, however, the mechanism for foul-
ing (or degradation) is discovered to be of a different
nature than expected, or if the fouling (or degradation)
occurred more rapidly than expected, then other heat
exchangers should be evaluated according to the follow-
ing priority:

prior to exdeeding the system operability limit. Required
action limits are based on the known fouling (or other
degradation) rate, as determined by parameter trending
(see para. p.10), after applying a 95% confidence level

(a) Evaluate those heat exchangers that areknpwn to
have the least margin.
(b) Evaluate those heat exchangers that ate li

have been subject to the same fouling (or degra

kely to
Hation)

to the datg. This 95% confidence level is determined = mechanism.
based on the total uncertainty calculated for the test or (c) Evaluate those heat exchanhgers that are rfext on
monitoring result (see section 8 and Fig. 1). the existing schedule.

Required action limits shall be used to ensure heat

exchanger
interval of

operational readiness throughout the entire
testing or monitoring (see para. 5.4).

10 CORR

Correcti
chemical ¢
formed fol

ECTIVE ACTION

ve action (flushing, mechanical cleaning,
eaning, mechanical repair, etc.) shall be per-
owing failure to meet the acceptance criteria

11 RECORDS AND RECORD KEEPING
11.1 Equipment Records

A record shall/lbe maintained that contains the follow-
ing information for each heat exchanger covered here:

(a) the manufacturer’s name

(b) the“manufacturer’s as-built design heat exc
specification sheet(s)

hanger

as defined|in section 9, or whenever I (test) exceeds I , ) ) )

(max.), as flescribed in Fig. 1. As part of this corrective () the manufacturer’s as-built design drawings
action, the foot cause of the failure should be determined (‘.i) the manufacturer’s acceptance test report, if
(see Nonmfandatory Appendix A of this Part). available

he effectiveness of the corrective action has
mented to be consistently repeatable,\then
the corrective action, the heat exchanger
retested or remonitored.

g the corrective action, the heat exchanger
hinimum, be evaluated to erlsure the intended
he corrective action have been accomplished.

Unless t
been docu
following
should be

Followin
shall, asan
results of t

(e) preservice test results, if available
(f) the date the equipment was initially pla
service

ced in

11.2 Plans and Procedures

A record shall be maintained of plans and prodedures
for tests, monitoring, and inspections that shall include
the following;:

NOTE:  Thi} evaluation involves eXamining and judging the per- (a) identification of the heat exchangers selected
formance of, hnd nebed r}ot involve test'mg or momtmﬁmg. However, (b) identification of the method selected for eafh heat
if the correctjve action involvéd/eléaning the shell side of the heat e 3
. exchanger and a justification for each method sglected
~ exchanger, tHen the heat exchanger should be retested or remoni- . o .
~ tored due to|the possibility“that fouling or cleaning materials (or (©) ldentlflcathn Of t.he mterval selecfced for eath heat
" both) may Have been ‘fedistributed within the shell, or on the exchanger and a justification for each interval s¢lected

. outside of thp tubesyduring the cleaning process (instead of being
" removed). Also,.ifthe potential exists for debris (either fouling or

maintenance|related) to get trapped against a tube sheet following

11.3 Record of Results

. the cleaning process, or following upstream maintenance, then the
heat exchanger should be retested or remonitored following that
cleaning or maintenance.

Retesting or remonitoring after corrective action may
also be necessary to establish a new baseline if the correc-
tive action changes the mechanical characteristics (and
thus the heat-transfer characteristics) of the heat
exchanger (i.e., tube material changes, tube sleeving,
and baffle modifications).

In addition to evaluation of the heat exchanger receiv-
ing the corrective action, evaluation of other heat
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A-record—shatt-bemamtatmed-of theresuttsfor each
test, monitoring, or inspection performed to allow for
proper evaluation and trending of results. This record
shall be maintained for the life of the plant or for the
life of the component (whichever is less). This record
shall include the following:

(a) identification of the heat exchanger

3 For methods where inclusion and exclusion criteria are met and
the method is not selected (i.e., the uncertainty of the method turns
out to be greater than the available margin), a written justification
for nonselection is required.
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(b) date of the test, monitoring, or inspection

(c) reason for the test, monitoring, or inspection (e.g.,
periodic test, periodic maintenance, postmaintenance
test)

(d) a complete set of test data, monitoring data, and
inspection observations for the “as-found” conditions
before any corrective actions (per the requirements of
section 5)

(e) a complete set of test data, monitoring data, and

PART 21 (STANDARDS)

(f) identification of calibrated instruments used

(g) a complete record of the test result uncertainty
analysis

(h) identification of the acceptance criteria used

(i) comparison of the results to the acceptance criteria

11.4 Record of Corrective Action

Records shall be maintained of corrective action,
which shall include the following:
(1) a summary of corrective actions taken, includ-

inspecfion observations for the ~as-lelt. conditions fol-
lowing any corrective actions (subject to the exceptions
as not¢d in sections 5 and 10)

ing dates In
(b) subsequent testing, monitoring,loninspections
performed
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Part 21, Nonmandatory Appendix A
Diagnostics

This Nonmandatory Appendix provides general

occur. Some typical examples of causes of errors in test-

guidelines rte—assist—in—identifying—potential-eatses—of
abnormal ¢r unexpected performance, as may be indi-
cated by tHe testing or monitoring methods carried out
in accordafice with the provisions of Part 21.

Three tyjpes of potential inadequacies may be indi-
cated as fdllows:

(a) heat duty deficiency

(b) excegsive pressure loss

(c) mecHanical dysfunction

A-1 HEAT DUTY DEFICIENCY

Thermall performance degradation of the heat
exchanger [pelow its design point may be due to actual
deterioratipn in the heat exchanger’s heat duty due to
cooling fll}id side fouling, process fluid side fouling,
and/or mgchanical dysfunction. Degradation may also
be indicatad due to errors caused by improper applica-
tion of th¢ methods outlined in Part 21 (e.g., testing
errors andf or computational errors).

A-1.1 Cooling Fluid Side Fouling

The mogt common reason for actual decline\in heat
exchanger [performance is fouling beyondthe design
point for the heat-transfer surfaces. In most cases, the
fouling odcurs on the cooling fluid/side of the heat
exchanger.

A-1.2 Progess Fluid Side Fouling

If cleaning of the cooling:flitid side does not restore
performange, then the possibility of fouling on the pro-
cess fluid dide of the heat'exchanger should be investi-
gated. This is best,achieved by performing a heat-
transfer tegt followirig a thorough cleaning on the cool-
ing fluid side. ¥f the performance is still short of design
by more thhpn\the design fouling resistance, then process

ing-of-heat-exchangers-are-presented-below-

(a) The instrumentation is imprecise, faulty, ¢xinade-
quate. The demand on the level of required\instfument
accuracy depends on the temperature, approachf in the
heat exchanger under the test conditions. The tegt engi-
neer should establish the instrument accuracy level
requirements and establish thatthie selected or available
instrumentation is adequate- The measurement pf vital
data (i.e., flow rates and texminal temperatures) should
have, insofar as possiblejredundancy to provide ajmeans
of double-checking key-data. Additional measurpments
(i.e., of intermediate fluid temperature betweé¢n two
shell or tube passes) can also provide useful information
to identify performance deficiencies. For pressuie mea-
surements;‘deposits on or around the sensing dlement
or presstire tap may result in significant error.

(b) The heat load for the test is inadequate. [This is
closely tied to errors, sensitivities, and uncertainties, as
discussed in Part 21. Heat loads that might not otl{erwise
be available during testing can be provided by s¢hedul-
ing testing (when possible) during plant cool-dgwn for
decay heat coolers, during heatup and recirculation of
water in the borated (refueling) water storage tank for
containment spray heat exchangers, by using freactor
building temperature during startup for contajnment
coolers, using spent fuel pool heat, using supplemental
heaters, as well as other methods. When using gupple-
mental heaters, it is necessary to ensure that adequate
mixing of the heated air is occurring.

(c) The flow rates selected for testing result infsevere
temperature cross (a condition where the cold fldid out-
let temperature exceeds the hot fluid outlet tempgrature)
such that the heat exchanger performance is insgnsitive
to large oscillations in flows.

(d) Testing is performed without complete verjt-off of
the noncondensibles. Trapped air (i.e., an air pocket) may

fluid side fouling could be occurring.

A-1.3 Mechanical Dysfunction

If thermal performance degradation is not attributable
to fouling, then the possibility of mechanical dysfunc-
tion should be investigated (see section A-3).

A-1.4 Testing Errors

Potential error or oversight in testing should be care-
fully scrutinized whenever discrepancies between the
test results and expected heat exchanger performance

render a portion of the tube bundle ineffective during the
test.

(e) The heat exchanger is not allowed to reach steady-
state conditions before test data collection is begun (for
those methods where steady state is part of the inclusion
criteria).

A-1.5 Computational Errors

Computational errors arise from improper mathemat-
ical analysis of the test data. Some examples of incorrect
analysis are presented below.
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(a) The tube- or shell-side flow rate during the testing
condition is sufficiently low so as to produce laminar
conditions in all or part of the tube bundle while the
mathematical analysis uses turbulent flow correlations.

(b) Fouling on the tube surfaces has occurred
unevenly in different tube passes while the mathemati-
cal analysis assumes uniform fouling deposition.

(c) Extensive plugging of tubes in one or two passes
has caused gross inequalities in the number of tubes

PART 21 (STANDARDS)

causing the performance degradation should be investi-
gated. In most cases, mechanical dysfunction is intrinisic
to the design and / or manufacture of the heat exchanger.
In certain limited instances it is possible to modify the
heat exchanger to eliminate or minimize the effects of
such dysfunctions. These dysfunctions may include, but
are not limited to, those described below.

A-3.1 Tube Vibration

in the different passes while the mathematical analysis Quer a period of time steel baffles in certain heat
considers equal number of tubes in each tube pass. exchangers may corrode, resulting in eflafgement of
(d) The header design of the heat exchanger produces  paffle holes. An enlarged baffle hole enables|the tube to
apprediable flow maldistribution among the tubes while  vibrate with a larger amplitude. The‘effect of this vibra-
the anplysis assumes uniformly distributed flow. tion on the heat-transfer rate is small when i the turbu-
(e) The baffle configuration is not appropriately  Jent regime. However, under laminar condftions, tube
modelgd. mechanical vibration maj’cause a chanpe in flow
regimes, and thus alter the\shell-side film cpefficient.
A-2 EXCESSIVE PRESSURE LOSS Another reason for tube vibration is inadequate baffle
M . . spacing for the shell-side flows. This problem usually
eaurement of pressure loss is an important way to Is itself dufl initial ti f the heat
obtain|heat exchanger performance characteristics that rev}?a St sz 3 d.l.lrmig 1n11<.1a O}E) cration g fi € ed
are nof so easily derived from thermal data alone. Pres- ex”c angsr. 1t10na' staking (the process ¢ 1nsert11'1g
sure ldss is discussed below in terms of tube side, shell a “stake” hgyveen ad]ace.nt tubg r.ows to limit tube d 15
side, ahd in plate heat exchangers. placement unc%e.r dynamic COl’ldl.tIOI’lS) may be re.qtlu%‘ed
to pre¥ient collisions between adjacent tubes by limiting
A-2.1 [Tube-Side Pressure Loss movement at the center of the unsupported| tube span.
Excqgssive tube-side pressure loss is almost always an In‘a properly designed heat exchanger, tule vibration
indicafor of a large accumulation of foreign matter (mac- ;- usually does not occur unless the shell-side flow is
rofouling) in the tubes, or on the tube sheet, leading to~~ 8reater than twice the design flow. If a hea{ exchanger
flow blockage and roughening of the tube inner surface. ~ 1as tube vibration with laminar flow, then|something
Modetfate pressure loss may be the result of biglogical ~ 18 seriously wrong with the heat exchanger,
fouling (or other microfouling) of the tube inner.surface .
(see INonmandatory Appigendix B of(this Part, A-3.2 Interfluid Leakage
sectior} B-11). Massive tube leaks may cause errors in prg¢ssure mea-
A-2.2 [Shell-Side Pressure Loss surements, affecting the accuracy of the methods that
rely on pressure, and the conclusions drawn [from them.
Excgssive shell-side pressure loss-generally originates For example, a tube leak could cause the corfected pres-
from flow blockage, although-the blockage mechanism sure loss to be low (normally a good indicaftion) when
may bg more complex. Clearances between the baffles in fact the performance of the heat ex¢hanger is
and thg shell ID, and between the tubes and baffle holes, degraded (due to the tube leak).
contriBute to the reduction of the overall shell-side pres- Another path for interfluid leakage is at he tube-to-
sure lgss by diverting some of the flow into the leakage tube sheet interface. Often a very small leakhge path in
and bypass streams. Deposition of corrosion products  this area will increase in size due to the high AP between
" in thege narrow passages may alter the flow field inthe  the tube side and the shell side. This will [result in a
- heat exchanger, resulting in an increased portion of the  “worm hole,” which will allow leakage betwgen the tube
. shell-sjdeflow in crossflow, causing an increase in pres- and shell sides.

;" sure 1oss as well as an increase in heat transier.

- A-2.3 Plate Heat Exchanger Pressure Loss

Excessive pressure loss in plate heat exchangers gener-
ally originates from flow blockage, although it can also
originate from fouling of the plate surfaces (see
Nonmandatory Appendix B of this Part, section B-10).

A-3 MECHANICAL DYSFUNCTION

If flushing or cleaning does not restore performance,
then the possibility that mechanical dysfunction may be
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Because plate-type heat exchangers are especially sen-
sitive to flow and pressure loss, leakage between plates
can significantly affect the accuracy of results.

A-3.3 Air In-Leakage

Inlet air in-leakage on ducted air coolers could cause
erroneous test results. If the air in-leakage is downstream
of where the air flow is being measured, the actual air
flow across the coil will not be accurately measured.
Likewise, if air temperature is being measured upstream
of where the air in-leakage is, the inlet air temperature
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may not be accurately measured, especially if the air in-
leakage temperature is significantly different than the
ducted air temperature. If test results for the ducted air
cooler appear erroneous, inlet air in-leakage should be
considered, located, and quantified.

A-3.4 Internal Bypass Flow

Although less common than fouling as a cause for
performance degradation, internal bypass flow may
occur in both tube and shell smles and 1ts effect on
reducing the-hea 2 side
references |n Part 21, subparas 3. 2(a) and (b)]. Further—

~more, the dorrected pressure loss may indicate low (nor-
~mally a gdod indication), when, in fact, the condition

ASME OM-2012

Changes in internal bypass flow may occur in heat
exchangers due to the following:

(a) internal deformations caused by shop or system
pressure testing of the equipment; typical of such a situa-
tion is the bowing of the unstayed (U-tube) tube sheet
when the heat exchanger is hydrotested.

(b) internal deformations due to improper construc-
tion, fluid impingement forces, and/or excessive ther-
mal strain. Typlcal of such a situation is the failure (either

to excessive flow excursions, which results in 51g ificant
shell-side flow bypassing the tube bundle. Apother

. of the hea{ exchanger is significantly degraded due to example is deforrnation of pass partition‘plateq in the
the bypasq flow. Internal bypass flow often results in channels of certain type's of hgat exdrangers (e.g.,[TEMA
" temperatufre stratification of the outlet fluids due to types A and C) due to hlgh d.1fferent1a.1 pressures aused
inadequatq mixing and/or nonuniform heating of the ~ PY tube blockage, resulting in tibe-side bypass flow.

fluid. This|may significantly affect the accuracy of the (c) misinstallation or wear of longitudinal baffle seal

measured|
Nonmandd

outlet fluid temperatures (refer to
tory Appendix B of this Part, section B-3).

strips (used in certain removable bundle TEMA
or G shells).

type F
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Part 21, Nonmandatory Appendix B
Precautions

Some precautionary measures to avoid misinterpreta-

It should be noted that reducing flow rates below the

t' fa. £l -t A | fao il 4
ion oftestetataandto-preventdamage-to-theequipment

during testing are presented below.

B-1 EXCESSIVE FLOW

Testing the heat exchanger at a shell-side flow rate
that ejceeds the design flow rate should not be done
unless|the tubes are determined to be safe from flow-
inducgd vibration (refer to Part 11 for additional
discusgion).

Testing the heat exchanger at tube-side flow rates that
exceed the design point may not present a serious prob-
lem as|long as the testing is of limited duration.

Excgssive flow rates may occur when performing flow
balancp testing of the system.

Whg¢n heat exchangers are designed for series or paral-
lel opgration or when pumps operate in parallel, there
exists the potential for operating a heat exchanger in
excess|of its allowable flow. The flow rates may increase
to a pqint that will cause malfunction or damage te'the
operating unit. Listed below are three situations- that
can reqult in an overload or an abnormal operating mode
as a result of flow conditions.

(a) femoving a heat exchanger from\service that is
designied for parallel flow operation Without throttling
flow t¢ the heat exchanger remaifing in service

(b) femoving a heat exchanger’ from service that is
designied for series flow operation without adjusting the
flow rates to the heat exchanger remaining in service

(c) gperating a heat’exchanger with increased pump-
ing capacity; for example, with three half-capacity cool-
ing water pumps-operating in parallel

If the design'dimits are exceeded, accelerated erosion
and fafjluremay occur. There are no definitive guidelines
presentlysavailable that can adequately determine the

destgn—flow—rates—(to—inerease—temperaturedifferences
and, thus, to increase test accuracy) will téqujre extrapo-
lation back to the original design €enditions. The
reduced flow rates may also prevent the heaf exchanger
from achieving steady-state conditions.

When using one of the heat-transfer coefficient test
methods, the heat exchangeréhould be testef at a suffi-
cient number of shell-side flow rates to allow multiple
shell-side film coefficients'to be backcalculatgd from the
preservice test data&This will allow extrapolption of the
shell-side film ,coefficient at any future ingervice test
shell-side flowrate.

B-3 TEMPERATURE STRATIFICATION

Temperature stratification may occur whepnever ther-
mal ‘streams within a fluid are not adequafely mixed.
Since many of the test thermowells provided by system
designers are located directly on the outlets|of the heat
exchangers, where thermal streams are lik¢ly to exist
and where adequate mixing is not likely to pccur, most
temperature stratification problems occur in/measuring
outlet fluid temperatures. This problem cah be mini-
mized by intentionally mixing the thermal sfreams, and
then taking the temperature measurement downstream
from where the mixing occurs. Mixing can he achieved
by allowing the outlet fluid to pass through at least
two pipe bends or through a discharge valve prior to
measurement. If this or other measures are npt possible,
then provisions should be made to install dt least two
temperature sensors, 90 deg apart, and then average the
readings.

When laminar flow is assumed, there is the increased
possibility of having temperature stratificatjon.

B-4 OVERCOOLING

relatiofshipof erosion to tengthrof time atovertoad or
abnormal operating conditions.

B-2 CROSSING FLOW REGIMES

If laminar flow is assumed, care should be taken to
ensure that vibration around the heat exchanger does
not cause the laminar flow to transition to turbulent flow.

If turbulent flow is assumed, then the only method
that will allow for the extrapolation of test data from
laminar to turbulent flow is the heat-transfer method.

Maintaining turbulent flow for the duration of the test
(to keep the correlations valid) could result in overcoo-
ling systems served by the heat exchanger. This is espe-
cially true if the heat exchanger is operating at a reduced
heat load for testing and/or if the test occurs during a
period of cold cooling water temperatures.

B-5 FLASHING

Flashing of the cooling or process fluid may occur if
there is a loss of static pressure in the fluid system.
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This situation should be evaluated not only for the test
condition but also for the design accident condition to
ensure that the flashing will not restrict the required
flow of the fluid.

Flashing will result in misleading fluid temperatures,
since the latent heat going into flashing will lower the
fluid temperature toward saturation.

Flashing will also invalidate many of the methods
described in Part 21, since the correlations used assume
that flashing is not occurring.

ASME OM-2012

or group of heat exchangers together, as one larger heat
exchanger, to minimize exposure to test personnel.

B-9 FLOW INSTABILITY

Flow instability (oscillations) must be avoided.

B-10 PLATE HEAT EXCHANGERS
While Part 21 primarily addresses shell and tube heat

B-6 EFFE

When ey
the heat-tr
(including
be conside
the plugge
The reduct
will increa
hence, incrj
two effects
be taken i1
of the ove
heat duty.

If “enhanced tubes” (i.e., tubes with internal or exter-
nal fins) ar¢ used in the heat exchanger, then the effective
surface aref due to these enhancements must be properly
accounted ffor (i.e., accounting for the area on both sides
of a finned surface).

When evaluating heat exchanger performance using
the pressufe loss method, tube plugging will result’in
a higher dffferential pressure across the heat exchanger
for a giveh flow rate. Thus, tube pluggifig must be
accounted [for here as well.

CTIVE SURFACE AREA

aluating heat exchanger performance using
insfer method, any deliberate tube plugging
those plugged during initial service) should
Fed by removing the effective surface area of
d tubes from the total effective surface area.
jon in the number of tubes available for flow
se velocity through the remaining tubes and,
pase the inside film coefficient, i1;. While these
will tend to offset each other, they must still
to account to ensure an accurate evaluation
rall heat-transfer coefficient and the total

B-7 WATERHAMMER

In establishing system alignment and conditions for
testing, pfecautions shouldibe taken to prevent the
occurrence| of waterhammers.

B-8 MISCELLANEQUS CONSIDERATIONS

While the criteria for selection of methods (as pre-
sented in Hart' 21) should, in general, be followed, there

exchangers (as shell and tube heat exchangers-currently
dominate most safety-related applications), Rart|21 has
been written to be applicable to “plate and frame” or
“plate” heat exchangers as well. However, due|to the
significant differences between these\xtwo types pf heat
exchangers, caution should be exercised when agplying
Part 21 to plate heat exchangers:Inh many instanges, the
manufacturer will need to béselicited for specific|design
parameters and constants\(which are often congidered
proprietary) before applying Part 21 to plafe heat
exchangers.

Some additional precautions are described bejow.

B-10.1 Torque Requirements

critical
ved for
Failure
reased

If plate heat exchangers are being used, it is
that thé manufacturer’s recommendation be folloy
tightening torque when assembling the plates.
to’do so may result in leaking gaskets and de
performance.

B-10.2 Flow Stability

Plate heat exchanger pressure losses are very sd
to changes in flow. Thus, flow stability becoms
more important for plate heat exchangers wher
the pressure-loss monitoring method.

nsitive
s even
using

B-11 FOULING CHARACTERISTICS

The type of fouling present in the heat exchanger can
significantly affect the test and/or monitoring fesults.
If the fouling layer creates a smooth constriction (as is
typical of scaling deposits), then extremely low changes
in pressure loss are associated with fouling lev¢ls that
can cause significant degraded heat transfer. If, hqwever,
the fouling layer creates a rough constriction (as isftypical
of most biofilms) or resnlts in tnbe plugging at the inlet

may be special circumstances that call for a deviation
from these criteria. Such circumstances may include, but
are not limited to, the following:

(a) if the selected method would result in a greater
safety risk than an alternate method

(b) if the selected method would result in a greater
radiation exposure than an alternate method

(c) if the selected method would result in unaccept-
able safety system unavailability

Where radiation exposure is a concern, consideration
should be given to performing one overall test of a pair
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tube sheet, then the pressure loss can be significantly
higher than that calculated due to smooth constriction
and may serve as a very good indicator of fouling due
to blockage.

B-12 COMPONENT DESIGN FUNCTION

Although Part 21 is written to ensure that heat
exchangers meet their “safety function,” it is also impor-
tant to compare results to the heat exchanger “design
function.” This is important because of the “margin”
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that may exist between the “safety” performance point
and the “design” performance point. For example, clean-
ing a heat exchanger that has margin to the point of
meeting its safety performance point may still leave
some residual fouling on the tubes that could later result
in tube pitting. Thus, comparing results to the safety
function of the heat exchanger is important to ensure
operational readiness, but this should not exclude com-
paring results to the design function of the heat
exchanger to ensure reliability.

PART 21 (STANDARDS)

(b) Temperature Measurement External Transport
Timeshift. The difference between actual fluid tempera-
ture and indicated fluid temperature due to the fluid
transport delay time between the heat exchanger and
the location of the temperature-measuring device, exter-
nal to the heat exchanger.

(c) Temperature Measurement Internal Transport
Timeshift. The change in fluid outlet temperature in
response to a change in fluid inlet temperature, prior to
establishing a new steady state and due to the transport

delay time of the fluid passing through the heat
exchanger.

These thermal delays should be preperly| accounted
B-13 | THERMAL DELAYS for to minimize additional errors. By proper]y applying
. o . o the testing and monitoring conditions as putlined in
.Errors, mn add.1t10n to the bias and PTecISION €ITor1s — part 21, section 7 (e.g., achieying-steady-statq test condi-
discusped in section 8 of Part 21, may be introduced into tions), these additional errofs’can be minimjized.
testing by the following thermal delays:
(a) Temperature Measurement Transient Response. The ~ B-14 MATERIAL PRQPERTIES
differepce between the actual fluid temperature and the Where heat exchanger tube (or plate) nfaterial has
indicated fluid temperature due to the thermal inertia been Changed fronmt a copper al]oy to a stalinless steel
of the measuring device (e.g., thermal delays due to the  alloy, biologi€alfouling may be experienced eyen though
thermal resistance of piping, if using surface-mounted it may not have been experienced with the cgpper alloy.
tempefature sensors, or due to the thermal resistance of ~ This is_because copper alloys create a toxjc film that
thermgwells and air spaces, if using thermowells). tends te Tretard biological growth.
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Part 21, Nonmandatory Appendix C
Examples

This Nonmandatory examples to
demonstrgtesimplified-appheationeo od
described in Part 21. Paragraph 3.2 provides additional
references that may be used if more complex application
of the methods is required.

Appendix provides

capability of the heat exchanger. The heat transfer capa-

ne two

following quantities, Q, and ry:
(a) Q, (the projected heat duty at design@ecident con-
ditions). Qg (the required heat duty at design afcident

conditions) would represent the “system operability

C-1 FUNCTIONAL TEST METHOD limit” and would be used to develop.the “required action
. . limit” for the acceptance criteria{(see section 9).

. T}ie mgltlodqlc?gy tlﬁsetd mn thi follofv.\ntng etx(a.mtl:fll'e (b) 1; (the total fouling resistance at the test|condi-
mvotves t' ermlr}[mg N emperle; ure o 1tn eres ;n 1)s tions). 4 (the total fouling;resistance specified at|design
case, contgmment spray pump beariig temperaties),  ,ccident conditions) would'represent the “system|opera-
an.d then gomparing it with the acceptar'me criteria (in bility limit” and would'be used to develop the “r¢quired
this case, the pump mar.1ufacturer S Taximim allowed action limit” for fhie‘acceptance criteria (see secion 9).
temperatufe). The test is performed with the cooling

system (in fthis case, component cooling water, or CCW) 111 terms of the ¢ quations that follow,

placed in g simulated design accident condition. ’

As demdnstrated by the following example, the func- re = Tor(1/Ep) + 1341(Ag /A )
tional test nethod is ideally suited for heat exchangers
on a closed cooling loop system, as the temperature of  and
the closed fooling loop can be more easily manipulated
than that df an open cooling loop. ra = 1oa(1/Ep) + 11a(Ao.a/Aia)

C-1.1 Estaplish Cooling Water Maximum Design where (dropping the subscripts “+” for “test condjitions”
Condlitions and “d” for “design accident conditions”)

The CCW system is allowed to climb to and stabilize A; = inside effective surface area, ft2, baked on
at its 130°H design temperature by reducingithe service inside surface area, including any fih area
water flow] through the CCW heat exchanger. A, = total effective surface area, ft%, based pn out-

. side surface area, including any fin prea
(-1.2 Estaplish Flow A,/A; = ratio of total-to-inside effective surfake area

The CCW flow through the bearing coolers is brought (dimensionless)
to the desipn point via systeni alignment, but the flow E; = weighted fin efficiency (dimensi¢nless,
need not be measured. equal to 1 for nonfinned tubes, less|than 1
C-1.3 Estaplish Temperature of Interest Design for finned tubes) )

Conditions r = total fouling resistance, hr-ft>-°F/Btul, based
. . on outside surface area

The con amment.spray pump is then operated and r. = inside fouling resistance, hr-ft-°F /Btu,
the two pympébearing temperatures reach steady-state based on inside surface area
Values Of 3OF and 145OF. . — outside fouline resistance hr Ff-z o /Btu

Y te) 7 7

C-1.4 Compare the Temperature of Interest to the
Acceptance Criteria

If both of these temperatures are below the pump
manufacturer’s maximum allowed value of 158°F, then
the bearing coolers are operable.

C-2 HEAT TRANSFER COEFFICIENT TEST METHOD
(WITHOUT PHASE CHANGE)

The heat transfer coefficient test method (without
phase change) is used to determine the heat transfer
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based on outside surface area

For the heat transfer coefficient test method (without
phase change), first, the design film coefficients are cal-
culated using the mean temperature difference (MTD)
method and backcalculation. Then, the performance
under test conditions is evaluated using either the MTD
method or the NTU method. Finally, the projected heat
transfer rate (Q,) of a heat exchanger under design acci-
dent (emergency) conditions is determined, given the
current fouling level measured under test conditions.
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The methodology used in the example below can be
applied to any heat exchanger, with the exception of
coil-tube heat exchangers.

The example is for a decay heat cooler that is a shell-
and-tube heat exchanger with the process fluid on the
shell side and the cooling fluid on the tube side. The
heat exchanger is designed as a counterflow type with
one shell pass and two tube passes.

PART 21 (STANDARDS)

ta = 750
T,y = 1193
thy = 97.0

C-2.1.2 Calculate MTD,

MTD,; = (LMTD,)(E,)

.. . . her

This is a relatively simple example that assumes that where . . .

. F; = LMTD correction factor (dimensionless),
no tubes are plugged and there is an equal number of PN ) frue count
tubes In each tube pass. The relationship for the log T GEJEST TOT TEVIGUOTIS O S 2

. . erflow, at design accidentfonditions
mean ftemperature difference correction factor can be
. . . . (equals 1 for true counterflow and paral-
easily polved and is well documented in the literature.
. . . lel flow)

The|data set given in para. C-2.1 is taken from the LMTD, = 1 ; \ diff F at
design| accident conditions and is used to backcalculate d = dog .mean .Zmpera lg‘e iffefence, °F, a
the outside film coefficient, based on outside surface esign accident-con 1t1.ons

MTD; = mean température differgnce, °F, at

area, at design accident conditions. The data set given
in parg. C-2.2 is taken from the test point and is used
to project the heat duty at design accident conditions
by using the ratio method to calculate the outside film
coefficlent, based on outside surface area, at the test
conditjons and solving for the total fouling resistance
at the fest conditions.

In tle example below, the cooling fluid flow rate is
the samne at the test and design accident conditions;
howevier, the cooling and process fluid inlet tempera-

design accident conditions

ained from
para. 3.1(b)
ference in

F;is a function ofR;'and P, and can be obf
Figs. B-1 through B*9 of the reference given in
or Figs. T-32A through T-3.2M of the r¢
subpara. 3¢l(a).

Ry = (T1a - Ton)/(tra — t1a)
Py = (tya — tra)/(Tra — tia)

tures apd the process fluid flow rate at the test conditions Wwhere
are'ile thand’Fhelr corresponding values at the design P; = temperature effectiveness (dimenjsionless) at
accident conditions. design accident conditions
C-2.1 [valuation at Design Accident Conditions/(MTD Ry = capacity rate ratio (dimensionlesy) at design
ethod) accident conditions
T14 = process fluid inlet temperature, °F, at design
C-2j1.1 Calculate LMTD,. For parallel flow accident conditions
(Toa = b - (TErShy) thg = coolling fluid i.n.let temperature, °F, at design
LMTD,; = TRy accident conditions
1T AR T 2 T,4 = process fluid outlet temperature, 9F, at design
For trye counterflow accident conditions
tyq = cooling fluid outlet temperature, F, at design
Tt — (Tog -t i iti
LMTD, = hi [(1]’[5 _2,:) )/(( Tz,d ~ tl,d))] accident conditions
T R NOTE: For F correction factor curves that are availpble for split-
where flow, divided-flow, and cross-flow heat exchangers, Tj; and T, shall
LMTD, = 10g mean temperature difference, °F, at be for the shell side fluid and ¢; and ¢, shall be for the tyibe side fluid.
design accident conditions C-2.1.2.1 Data Set (for a Counterflow Heat
Tys = process fluid inlet temperature, °F, at Exchanger)
design accident conditions F, = 09588
t1 4 = cooling fluid inlet temperature, °F, at Py = (tas — tud)/ (Tia — td)
design accident conditions = (97.0 - 75)/(140.0 — 75)
T,4 = process fluid outlet temperature, °F, at = 0.3385
desagn acc1.dent conditions Ri = (Tia— Tod)/ (td — tid)
ty4 = cooling fluid outlet temperature, °F, at = (140.0 - 119.3)/(97.0 - 75.0)
design accident conditions = 0.9409
C-2.1.1.1 Data Set (for a Counterflow Heat Tya = 140.0
Exchanger) ti,g = 75.0
LMTD,; = 43.65 Thy = 119.3
Tl,d = 140.0 tZ/d = 97.0
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This result (specifically for a one-shell pass, two-tube
pass flow arrangement) can be obtained in either of the
following ways:

(a) by reading the number from Fig. B-1 of the refer-
ence in subpara. 3.1(b)

(b) by calculating the number from the following
equation (the subscript “d ” has been dropped for
simplicity):

ForR =1

ASME OM-2012

MTD; = 41.85
Qs = 65,870,000
Us = 309.8

C-2.1.4 Calculate r, (for Backcalculating h,4). For
bare tubes

1w = (d,/24k) In[d, /(d, — 2t)]

F = [(R*+ 1)"?/(R - DH{In[(1 - P)/(1 - PR)]/
In({2 - P[R + 1 - (R? + 1)1/?]}/

2-P[R+ 1+ R*+ 1))

ForR =1
F =[P/} P)I2V*/In{[2 - P2 - 2/3)/[2 - P2 + 2'/3)]})

Additiophal equations are available for other flow
arrangemehts, and can be found in the references in

subparas. $.2(h) through (1).
' LMTD, = 43.65
MTD, = 41.85

C-2.1.3 |Calculate U,
Ui = (Qa)/(Aoa)(MTDy)

where
A, q|= total effective surface area, ft?, based-on
outside surface area, including @ny" fin
area, at design accident conditions, from
design specification sheet
MTD;|= mean temperature difference, °F, at
design accident conditiens
Qg |= heat duty, Btu/hr, based on outside sur-
face area, at design/accident conditions,
from design specification sheet
U,;|= overall heat" transfer coefficient,
Btu/hr-f2*°F, based on outside surface
area, at-design accident conditions
CAUTION: | Pluggedtubes, if not equally plugged in each tube

pass, will repultdh.an unequal number of tubes in passes, and
thus violate th&assumptions made in the LMTD correction factor

For integral circumferentially finned tubes

_ td, + 2nz(d, + z)]
o = Tk, = )

For extended finned tubes

An,ddu 1n[d0/(do - Zt)]
24k(Ao,tube)

Tw =

where
Asq = total effective surface area, ft?, baged on
outside surface area, including any fjn area,
at design accident conditions, from [design
specification sheet
Ajwbe = total bare tube surface area, ft2, baked on
outside surface area, at design adcident
conditions
d, = outside diameter of bare tube or roof diam-
eter of fin, in.
k = thermal conductivity of tube| wall,
Btu/hr-ft-°F, from the referenjce in

subpara. 3.2(g)
n = number of fins per in.
7w = tube wall resistance, hr-ft>-°F/Btuf based
on outside surface area, at design acident

conditions

t = tube wall thickness, in.
z = fin height, in., from design specifjcation
sheet or drawings

C-2.1.4.1 Data Set (for a Counterflow
Exchanger)

Heat

charts. If thiS-is*the-easethencomputerized-methodsmayneed
to be employed to accurately solve the problem. For the sake of
this example, we are assuming no plugged tubes and equal tube
passes.

NOTE: Refer to Nonmandatory Appendix B of this Part,
section B-6 for precautions related to effective surface areas.

C-2.1.3.1 Data Set (for a Counterflow Heat
Exchanger)
Ayq = 5,080

! Uy may also be obtained from technical specifications and
design specification sheets.

dy, = 0.75

k = 8754

n = n/a (bare tubes)
Tw = 0.0004999

t = 0.049

Z = n/a (bare tubes)

C-2.1.5 Calculate Rey (for Backcalculating h,, 4)

Rey = (124paVad;)/ pa
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where k; = bulk thermal conductivity, Btu/hr-ft-°F, of the
d; = inside diameter of tube, in. tube side fluid at design accident conditions,
Re; = Reynolds number (dimensionless) of the tube from the reference in subpara. 3.2(e)
side fluid at design accident conditions L = total length of tube, in., carrying flow, from
V4 = tube velocity, ft/sec, based on flow rate and design specification sheet or drawings
cross-sectional flow area, at design accident Pr; = Prandtl number (dimensionless) of the tube
conditions side fluid at design accident conditions
ng = bulk absolute viscosity, centipoise, of the tube Re; = Reynolds number (dimensionless) of the tube
side fluid at design accident conditions, from side fluid at design accident conditions
the reference in subpara. 3.2(f) uy = bulk absolute viscosity, centipoise, of the tube
pi |= bulk density, Ibm/ £, of the tube side fluid at side fluid at design accident condjtions, from
design accident conditions, from the reference the reference in subpara. 3.2(f)
in subpara. 3.2(f) Mw,q = absolute viscosity, centipoise,-of the tube side
C{2.1.5.1 Data Set (for a Counterflow Heat ﬂuifj at the tu}.)e. wall {quperaturp at deSig.n
accident contitions; from the rgference in
Exchariger) subpara. 3.2(f)
d; |= 0.652 para. 5.
Re; [= 49,400 (definitely turbulent flow) C-2.1.7.1 Data Set (for a Counterflow Heat
Vil= 7.83 Exchanger)
1278 0.7966 di = 0.652
pi |= 62.16 his = 1503
. . k; = 0.3556
C-2{1.6 Calculate Pr, (for Backcalculating h, 4) I = fua (turbulent flow)
Pry = (242Cpaua)/ka Pry, =\5.411
Re; "= 49,400
where g = 0.7966
de = specific heat, Btu/1bm-°F, of the tube side fluid twa = 0.7966 (use same value as u; for thiis tempera-
at design accident conditions, from the refer- ture range)
ence in subpara. 3.2(e) .
ki [ bulk thermal conductivity, Btu/hr-ft-°F, ofcthe C-2.1.8 Calculate Ef (for Backcalculating f,,q)
tube side fluid at design accident conditions,
from the reference in subpara. 3.2(€) Er = 1= A a/Agalll = 7l
Pr; [ Prandtl number (dimensionless)‘ofi the tube
. . . . o where
side fluid at design accident gonditions Afing = total fin surface area, ft?, at design accident
wa [= bulk absolute viscosity, centipeise, of the tube find diti r P
side fluid at design accident'conditions, from A = Conll ;;)ns. y 2 baked
the reference in subpara:-3.2(f) od = tgta ettective sur ace area, v aped on out-
side surface area, including any [fin area, at
C{2.1.6.1 Data Set_(for a Counterflow Heat design accident conditions, frpm design
Exchar|ger) specification sheet
Cpq |= 0.9982 E; = weighted average of efficiency|of outside
ks |= 0.3556 surface
Pry|= 5411 n = fin efficiency
#a[= O ff £ f ] he fin eff
] For efficiencies of fins around a single tube, fthe fin effi-
C-2{1.7CEalculate hy 4 (for Backealculating f,q). For ciency, 1, may be calculated using Figg. C-4.1 in the refer-
turbulgnt ﬂOW’ Red > 10’000 ence in c11hpgrn 3 7(H) If o fin is shared }'\} more than

g = 0.023(12ky/d;)(Re)) ™ (Pra)"*(wa/ poo.a)™ ™

For laminar flow, Re; < 2,100

one tube, the area associated with one tube may be
calculated by dividing the fin sheet area by the number

of tubes penetrating this fin.

— 211/2
hiq = 1.86(12k;/d)(Req)'*(Pra)'*(di/ L)' *(paa/ peo,a)*** diin = [(4Ashees/nm) + d,’]
where where

d; = inside diameter of tube, in. Ageet = area of one side of multitube fin, in.2

hiy = inside film coefficient, Btu/hr-ft>-°F, based on dpn = equivalent diameter of a single tube fin, in.
inside surface area, at design accident d, = outside diameter of bare tube, in.
conditions n = number of tubes sharing single fin
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This dg,,, along with other fin parameters, can be used
to calculate fin efficiency, n.

(1/hging) = U/ hog) + 1oa

hing = film coefficient of fin, Btu/ hr-f?-°F, at design
accident conditions

h,4 = outside film coefficient, Btu/ hr-f*-°F, based

on outside surface area, at design accident

fp = tube wall resistance, hr-ft>-°F/Btu

, based

on outside surface area, at design acci-

dent conditions
U; = overall heat transfer coeff

icient,

Btu/hr-f?>-°F, based on outside surface
area, at design accident conditions

If either r; ; or 1, 4 is not given, assume it is equal to zero.

CAUTION: The h,, calculated by this method will be valid

onditions

utside fouling resistance, hr-ft2-°F/Btu,
ased on outside surface area, assumed for
esign accident conditions, from design spec-
ification sheet

Yo,d

Since h,; depends on Ef, and Ef depends on hy 4, the
solution is|iterative.

C-2.1.9 |Using the Values Calculated Above, Backcal-
culate h, 4

Us =|1/1r0a(L/Ep) + 11,4(AoalAia) + (1/ho,a)(1/Ep)
+ 1y + (1/hig)(Aga/Aia)]

which bec¢mes

hod = 1/Ef[(1/Uy) = (roa/Ep) — 11.4(Ao,a/Aia)
= 1w = (1/hig)(Ao,a/Aia)]

A; = inside effective surface area, 2, based
on inside surface area, including any-fin
area, at design accident conditions

A, = total effective surface area, ft*, based on
outside surface area, including any fin
area, at design accidentconditions, from
design specificationysheet

A,i/A; 4 = ratio of total to inside effective surface
area (dimensiohless) at design accident
conditions

E)| = weighted-fin" efficiency (dimensionless,
equal to 3-for nonfinned tubes, less than 1
for finned tubes)

hi4 = inside film coefficient, Btu/hr-ft>-°F,
based on inside surface area, at design

if phase conditions are the same for the test and-desigs
tions. If these conditions cannot be met, then the'direct
tion method (below) or a computerized method'must b

C-2.1.9.1 Data Set (for a'Counterflow

Exchanger)

Ao,d/Ai,d = 115
Er = 1.0
his = 1,503
hoq = 2,581
ria = 0.0005
ra = 0001
T =0.0004999
u; = 309.8

C-2.1.10 Calculate h, 4 (Direct Calculation Met
Empirical relationships for i1, may be found in thg
ture that allows for direct calculation at differe
rates and for different configurations [for these re
ships and direct calculation methods, re
subpara. 3.2(m) and references therein].

C-2.1.10.1 Data Set (for a Counterflov
Exchanger)
ho,q = n/a (using backcalculation method)

C-2.2 Evaluation at Test Conditions

C-2.2.1 Collect the Test Data. Record the fol
temperature and flow data at steady-state cond
This set of data will be termed the test point
five of the six parameters are required (the sixth
calculated); however, for validity purposes (see p

for Wtained
in the same flow regime as the shell side design flow) and only

h condi-
calcula-
e used.

Heat

hod).

litera-
ht flow
lation-
fer to

¥ Heat

lowing
litions.
. Only
1 being
Ara. 8.5

of this Part) it is recommended that all six parameters

be recorded.

accident conditions Ty, = process fluid inlet temperature, °F, |at test
h,s = outside film coefficient, Btu/hr-ft>-°F, conditions
based on outside surface area, at design t1+ = cooling fluid inlet temperature, °F, at test
accident conditions conditions
tia = inside fouling resistance, hr-ft>-°F/Btu, T,;, = process fluid outlet temperature, °F, at test
based on inside surface area, assumed conditions
for design accident conditions, from ty; = cooling fluid outlet temperature, °F, at test
design specification sheet conditions

1,4 = outside fouling resistance, hr-f>-°F/Btu,
based on outside surface area, assumed
for design accident conditions, from
design specification sheet
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C-2.2.1.1 Data Set (for a Counterflow Heat

PART 21

For true counterflow

(STANDARDS)

Exchanger)
Ty = 120.0 LMTD, = (Trs = o) = (T — 1)
t1; = 60 " In[(Tay — t2)/(Toy — t10)]
Thy = 975 "
by = 787 where ,
W, — 3.000.000 LMTD; = logmean temperature difference, °F, at test
ct — / 4 ey
’ conditions
Wps = 2,500,000 T+ = process fluid inlet temperature, °F, at test
C-2.2.2 Calculate Q;(MTD Method). For process fluid conditions
T — cooling fluid inlet temperaturg, °F, at test
Qpt = Wy lCpy (Tt = Tap)] conditions
Ty, = process fluid outlet tempetature, °F, at test
For copling fluid conditions
t+ = cooling fluid outlet femperatute, °F, at test
Qer = WeilCpei(tir — to,)] conditions
where C-2.2.3.1 Data Set.\(for a Counterflow Heat
Cp.{ = bulk specific heat, Btu/lbm-°F, of the cooling Exchanger)_
fluid at test conditions, from the reference in LMTD; : 39.37
para. 3.2(e) T ~ ééo
Cpp{ = bulk specific heat, Btu/Ibm-°F, of the process ;}ff _ o5
fluid at test conditions, from the reference in 2t X 78-7
para. 3.2(e) b= 78
Q.{ = heat duty, Btu/hr, for the cooling fluid at test C-2.2.4 Calculate MTD; (MTD Method)
conditions
Q,4 = heat duty, Btu/hr, for the process fluid at test MTD; = (LMTD)(F)
conditions
Ty{ = process fluid inlet temperature, °F, at tesf,~ Where
conditions F; = LMTD correction factor (dimg¢nsionless),
t1{ = cooling fluid inlet temperature, °Fnat test to adjust for deviations from frue count-
conditions erflow, at test conditions, equals 1 for true
T4 = process fluid outlet temperature, °F, at test counterflow and parallel flow
conditions LMTD; = logmean temperature differenge, °F, at test
to{ = cooling fluid outlet tempetature, °F, at test conditions
conditions MTD; = mean temperature difference| °F, at test
.| = cooling fluid flow rate, Ibm /hr, at test conditions
_ COIldlthI‘lfSl e te, Ibm /hr, at test F; is a function of R; and P; and can be obfained from
M proccl.e:s ut ow rate, fbm /hr, at tes Figs. B-1 through B-9 of the reference in subpara. 3.1(b)
conditions or Figs. T-3.2A through T-3.2M of the r¢ference in
NOTE: | Refer to paral\C-11.4 for guidance on which of the above subpara. 3.1(a).
paramefers should be'measured and which should be calculated.
Ry = (Th = To) /(o — t1p)
C2.2.2:1 ' Data Set (for a Counterflow Heat
Excharger) Py = (tor = t1,)/(Tos = t1r)
Cp,, L=0.9988
Q= 56,030,000 where . .
t, = 60.0 P, = temperature effectiveness (dimensionless) at
tzlt — 787 test conditions
W, ,t = 3,000,000 (note that test was done at design Ry = capacity rate ratio (dimensionless) at test
“ ﬂ,ow ,rate) conditions
Ti, = process fluid inlet temperature, °F, at test
C-2.2.3 Calculate LMTD; (MTD Method). For paral- conditions
lel flow ti; = cooling fluid inlet temperature, °F, at test
conditions
LMTD. = (T = t1p) = (Top = t2) T, = process fluid outlet temperature, °F, at test
T In[(Tyy - t)/(Toy — b))l conditions
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t,; = cooling fluid outlet temperature, °F, at test
conditions

NOTE: For F correction factor curves that are available for split-
flow, divided-flow, and cross-flow heat exchangers, T; and T, shall
be for the shell side fluid and t; and t, shall be for the tube side fluid.

C-2.2.4.1 Data Set (for a Counterflow Heat

ASME OM-2012

overall heat transfer coefficient, Btu/
hr-f?-°F, based on outside surface area, at
test conditions

U,

CAUTION: Plugged tubes, if not equally plugged in each tube
pass, will result in an unequal number of tubes in passes, and
thus violate the assumptions made in the LMTD correction factor
charts. If this is the case, then computerized methods may need

Exchanger) to be employed to accurately solve the problem. For the sake of
F; = 0.953 this example, we are assuming no plugged tubes and equal tube
P, = (78.7 - 60)/(120 - 60) passes.
R, _ té(l)li 97.5)/(78.7 - 60) C-2.2.5.1 Data Set (for a Counterflow Heat
— 1203 Exchanger)
T, = 120 A,+ = 5,080 (note, there is no_tube plygging
tllt - d accounted for here)
S MTD; = 37.52
2t .
thy = 787 Qr = 56,030,000
, U, = 294.0
This resulf (specifically for a one-shell pass, two-tube C-2.2.6 Calculate U, (NTU Method)
pass flow grrangement) can be obtained in either of the
following ays: Uy =CNTU)(We)(Cpe)/ Aoy
(a) by rdading the number from Fig. B-1 of the refer-
ence in sulppara. 3.1(b) where
(b) by cplculating the number from the following A,; = .total effective surface area, ft, based pn out-
equation [the subscript “t” has been dropped for side surface area, including any fih area,
simplicity) and any reduction in area due to plugged
tubes, at test conditions
ForR =1 Cp.; = bulk specific heat, Btu/Ibm-°F, of ¢ooling
fluid at test conditions, from the reference
F =I(R? + D?/(R - D{In[(1 - P)/(1 - PR)]/ in subpara. 3.2(e)
In(12 - P[R + 1 — (R + 1)/2)/ NTU,; = number gf 'transfer units (dimensionlless) at
test conditions
(2 - P[R + 1+ (R*+ )V} U, = overall heat transfer coefficient} Btu/
hr-f?-°F, based on outside surface grea, at
ForR =1 test conditions
W+ = cooling fluid flow rate, Ibm/hr, [t test
F [P/ - P)I@"?/In{2 - P2~ 2"/ conditions
[2-P@+22]) NTU, is a function of R; and P;, and can be oljtained
Additiohal equationsdare available for other flow fr(i)m Fl%si(g)-m;hro;_%}; 31_12 O}f ;ge3]geffe:§?cef H}
arrangemehts, and car{ be' found in the references in subpara. b oF ©gs. 1o throug oD OF thp refer
ence in subpara. 3.1(a).
subparas. $.2(h) throtigh (1).
LMTD; 1= 39,3 Ry = (Tyy = To)/ (s — 1)
MID, = 3752 Pr = (b = 5/ (Tys — 1)
C-2.2.5 lCalculate U, (MTD Method)
where
Uy = (Q))/(A,)(MTD,) P, = thermal effectiveness (dimensionless) at test
conditions
where R; = capacity rate ratio (dimensionless) at test
A, = total effective surface area, {2, based on out- conditions
side surface area, including any fin area, T1; = process fluid inlet temperature, °F, at test
and any reduction in area due to plugged conditions
tubes, at test conditions t;; = cooling fluid inlet temperature, °F, at test
MTD; = mean temperature difference, °F, at test conditions
conditions T,; = process fluid outlet temperature, °F, at test
Q: = heat duty, Btu/hr, at test conditions conditions
210
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t,; = cooling fluid outlet temperature, °F, at test
conditions

NOTE: For NTU curves that are available for split-flow, divided-
flow, and cross-flow heat exchangers, T; and T, shall be for the
shell side fluid and ty, f,, W,,; and Cp, shall be for the tube side fluid.
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pr = bulk density, Ibm/ 3, of the tube side fluid at
test conditions, from the reference in
subpara. 3.2(f)

C-2.2.7.1 Data Set (for a Counterflow Heat
Exchanger)

C-2.2.6.1 Data Set (for a Counterflow Heat d, = 0.652
Exchanger) Re; = 39,900
NTU; = 05 Vi =178
P; = (787 - 60)/(120 - 60) L = 0.9847
= U011/
R, = (120 - 97.5)/(78.8 — 60) pr= 6231
= 1.203 C-2.2.8 Calculate Pr;
Tl = 120
tlt = 60 Pi’f = (242Cpfﬂt)/kf
T{, = 975
t; = 787 where

This|result (specifically for a one-shell pass, two-tube
pass flpw arrangement) can be obtained in either of the
followjng ways:

(a) By reading the number from Fig. B-12 of the refer-
ence iy subpara. 3.1(b)

(b) by calculating the number from the following
equatjons (the subscript “t” has been dropped for
simplitity)

For R |= 0 and R = infinity

NTU = In[1/(1 - P)]

For R |= 0 and R = infinity

NTU = [1/(R? + D)?|[In({2 - P[R 41
- (R* + )V)/(2 - P[RS
+ (R + 1))

Additional equations aré available for other flow
arrangements, and can be found in the references in
paras. |3.2(h) through (I}

Cp: = bulk specific heat, Btu/Ibm-°F, of t]Ie tube side
fluid at test\conditions, from the feference in
subpara 3:2(e)

ki = thermal conductivity, Btu/hr-ft-°F|of the tube
sidefluid, at test conditions, from the reference
in‘subpara. 3.2(e)
Pry¢=)Prandtl number (dimensionless) ¢f the tube
side fluid at test conditions
M = bulk absolute viscosity, centipoise,|of the tube
side fluid at test conditions, from the reference
in subpara. 3.2(f)

C-2.2.8.1 Data Set (for a Counterflow Heat
Exchanger)

Cpy = 0.9988
k= 0.3474
Pr, = 6.851
w = 0.9847

C-2.2.9 Calculate h;;. For turbulent flow, [Re;>10,000

By = 0.023(12k/d;)(Rer) ™S (Pro)"(ue/ poo )

A = 5,080 For laminar flow, Re; < 2,100
Cp.| = 0.9988
Uy = 2949 B = 1.86(12k /d)(Re )Y 3(Pro3(d. /)3 0.14
Wc,t = 3,000000 it 86(12k;/d;)(Re;)™*(Pr¢)™>(d;/L) (Mt/ﬂw,t)
C-2)2i7~Calculate Re; where
i = inside diameter of tube, im.
Rey = (124pVidy)/ hiy = inside film coefficient, Btu/ hr-f?-°F, based on

where
d; = inside diameter of tube, in.
Re; = Reynolds number (dimensionless) of the tube

side fluid at test conditions
Vi = tube velocity, ft/sec, based on flow rate and
cross-sectional flow area, at test conditions
m = bulk absolute viscosity, centipoise, of the tube
side fluid at test conditions, from the reference
in subpara. 3.2(f)
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inside surface area, at test conditions
ki = bulk thermal conductivity, Btu/hr-ft-°F, of the
tube side fluid, at test conditions, from the
reference in subpara. 3.2(e)
L = total length of tube, in., carrying flow
Pr; = Prandtl number (dimensionless) of the tube
side fluid at test conditions
Re; = Reynolds number (dimensionless) of the tube
side fluid at test conditions
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#: = bulk absolute viscosity, centipoise, of the tube C-2.2.10.1 Data Set (for a Counterflow Heat
side fluid at test conditions, from the reference Exchanger)
in subpara. 3.2(f) Crs = 0.9990
Mt = absolute viscosity, centipoise, of the tube side Cpy = 0.9985
fluid at the tube wall temperature, at test con- hyg = 2,581
ditions, from the reference in subpara. 3.2(f) hyy = 2,081
ks = 0.3730
C-2.2.9.1 Data Set (for a Counterflow Heat ky = 0.3653
Exchanger) W,; = 3,200,000
d; 652 Wi = 2,500,000
hiy = 1,339 ma = 0.5050
ki = (.3474 w = 0.6146
L = n/a (turbulent flow) CAUTION: Although the variable subscripts used for ¢alculat-
Pry = ¢.851 ing the outside film coefficient are the 'same as those yised for
Re; = 39,900 calculating the inside film coefficient;the outside film co¢fficient
w = (.9847 variables relate to the shell side fluid‘and the inside film coeffi-

.9847 (use same value as u; for this tempera-
ture range)

C-2.2.1Q Calculate h,(Ratio Method)

ho,f =

where
de

Cp;

ke

Wy
Wi

Ma
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Il
o L N o il = YL A T o will o N o M o Y o0 M o W ¢ 2 N o = W 0 e S e 2 W 0

10,0 (Wi /W) a1/ 1a)™ % (Cpe/Cpa)' > (ki fra)*

ulk specific heat, Btu/lbm-°F, of the shell side
uid at design accident conditions, from the
pference in subpara. 3.2(e)

ulk specific heat, Btu/lbm-°F of the shell'side
uid at test conditions, from the reference in
ubpara. 3.2(e)

utside film coefficient, Btu/hrft>-°F, based
n outside surface area,at'design accident
onditions

utside film coefficient;” Btu/hr-ft>-°F, based
n outside surface.area, at test conditions
ulk thermal ceriductivity, Btu/hr-ft-°F, of the
hell side fliid-at design accident conditions,
fom thedeference in subpara. 3.2(e)

ulk thermal conductivity, Btu/hr-ft-°F, of the
hell side fluid at test conditions, from the

cient variables relate to the tube side fluid (as stated
variable definitions above).

C-2.2.11 Calculate h,, (Direct
Method). Empirical*relationships for h, may b
in the literaturethat allows for direct calculation
ferent flow rates and for different configuratio
these relationiships and direct calculation method
to subpara. 3.2(m) and references therein].

€-2.2.11.1 Data Set (for a Counterflov
Exchanger)
hos = n/a (using backcalculation method)

C-2.2.12 Calculate r.. Using the values cal
above, solve the following equation for r;:

1

in the

Calcylation

found
at dif-
ns [for
s, refer

¥ Heat

ulated

Ue = [re + 1/ ho YA/ E)) + 1o + (1/ hit)(Ao /A r)

where

Aiy inside effective surface area, ft
on inside surface area, includi
fin area, and any reduction in a
to plugged tubes, at test condi
total effective surface area, ft?
on outside surface area, includi
fin area, and any reduction in ai

based
hg any
ea due
ions
based
ng any
ea due

to plugged tubes, at test condi

ions

eference-insubpara—3-2(e)

flow rate, Ibm/hr, of the shell side fluid at
design accident conditions

flow rate, Ibm/hr, of the shell side fluid at test
conditions

bulk absolute viscosity, centipoise, of the shell
side fluid at design accident conditions, from
the reference in subpara. 3.2(f)

bulk absolute viscosity, centipoise, of the shell
side fluid at test conditions, from the reference
in subpara. 3.2(f)
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area (dimensionless) at test conditions
weighted fin efficiency (dimensionless,
equal to 1 for nonfinned tubes, less
than 1 for finned tubes)

inside film coefficient, Btu/hr-ft>-°F,
based on inside surface area, at test
conditions

outside film coefficient, Btu/hr-f2-°F,
based on outside surface area, at test
conditions
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r;; = inside fouling resistance, hr-ft>-°F/Btu, riy = inside fouling resistance, hr-ft>-°F/Btu,
based on inside surface area, at test based on inside surface area, at test
conditions® conditions

1,4 = outside fouling resistance, To¢ = outside fouling resistance,
hr-ft>-°F/Btu, based on outside surface hr-ft>-°F/Btu, based on outside surface
area, at test conditions? area, at test conditions

r; = total fouling rgsistance, hr-ft>-°F/Btu, 7 = total fouling resistance, hr-f>-°F/Btu,
basec.l .on outside surface area, at test based on outside surface area, at test
conditions conditions

= 1(1/Ep) + rif(Agp/Aip) - ’ot(“/Ej/\ : ’”(Alot//A”)

e el BT T = tobe el reronce, S b
design accident conditions ! basgd on outsi.d.e surface arep, at design

U; = overall heat transfer coefficient, accident conditiong o
Btu/hr-ft2-°F, based on outside surface U, = overall heat-transfer cpefficient,
area, at test conditions Btu/hr-ft>-°F, based on outdide surface

area, projetcted at design accident condi-

C{2.2.12.1 Data Set (for a Counterflow Heat tions based on fouling at tes{ conditions
Excharlger)

Al /A = 1.150 C-2.3.1.1 Data Set (for a Counterflow Heat

Ef = 1.0 Exchanger)

hiy = 1,339 Aot/ Aip E41.150

hoy = 2081 Ex= 1.0

ry = 0.001562 Iy = 1,503

Tw = 0.0004999 ho,d — 2,581

Uy = 2940 r = 0.001562

1o = 0.0004999
C-2.3 [Projection at Design Accident Conditions u, = 3111
(-2|3.1 Calculate U,. Using the values calculated (-2.3.2 Calculate Q,. Using the values calculated
above|solve the following equation for U,;: above, solve the following equation for Q,:
1 —
1 = T s /R D7) + ra+ (/)i A )] = e XMIDS)
where where ‘ )

A;; = inside effective slrface area, ft*, based Ao = total‘ effective Surfa?e area, fr ba§ed on
on inside surface area, including any outside surface area, including gny fin area,
fin area, and any reduction in area due and any reductlon. 1n area due fto plugged
to plugged tubes, at test conditions tubes, at test conditions I )

A,; = total effective surface area, ft?, based on MTD; = mean tempera.tl.lre difference, °F, at design
outside surface area, including any fin accident conditions . )
area; and any reduction in area due to mean temperature difference, °F, at design
plugged tubes, at test conditions accident conditions

Aol /A S=" ratio of total to inside effective surface Qp = heat duty, Btu/hr, projected at dlesign acci-
area (dimensionless) at test conditions dent conditions based on fouling at test

Er—=—weighted-fin-efficieney{(dimensionless; condition
equal to 1 for nonfinned tubes, less than U, = overall heat transfer coefficient,
1 for finned tubes) Btu/hr-ft>-°F, based on outside surface

his = inside film coefficient, Btu/hr-ft>-°F, area, projected at design accident condi-
based on inside surface area, at design tions based on fouling at test condition
accident conditions

h,q = outside film coefficient, Btu/hr-ft>-°F, C-2.3.2.1 Data Set (for a Counterflow Heat
based on outside surface area, at design Exchanger)
accident conditions A,p = 5,080

- MTD,; = 41.85
2 Assume the design value (or zero) for either ;, or r, ; (Whichever QP = 66,140,000
one is not calculated). u, = 311.1
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C-3 HEAT TRANSFER COEFFICIENT TEST METHOD
(WITH CONDENSATION)

When heat transfer occurs from a steam-air mixture
(humid air), the sensible heat transfer takes place
because of a temperature difference and the mass trans-
fer occurs because of a difference in steam partial pres-
sure across the convection layer. Heat is released during
condensation (latent heat). This heat of condensation
penetrates across the tube wall to the cooling fluid inside

ASME OM-2012

along the z direction are uniform. The governing equa-
tions for more complex geometries having many tube
rows and passes can be written in a similar fashion.

Figure C-2 shows a fin, condensate layer, and interface
temperatures.

From the law of conservation of mass applied to the
fluid outside the tubes in the j™ element of the heat
exchanger, note the following;:

water flow is along the x direction. The flow parameters
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the tubes. Fhe—condensation—rate—ts—eqratto—themass Wiy = #2)) = Weona) D
transfer rate. A
Since th¢ condensation rate strongly depends on the Waa(b1j = b2) = MaNa, (g) (€2)
saturatior| pressure at the gas-condensate interface
(which deglends on the gas-condensate interface temper- $ij= b 1SN
ature), the|heat transfer coefficient associated with the
convectionf outside the tubes (and any fins) varies over where
the heat trhnsfer surface. Also, the change in enthalpy A = total outside heattransfer area, f?|= A,
of the steafn-air mixture cannot be expressed as mCpAT, + Apexp [se€ £9:1(C-6)]
and a closed form solution for F, or effectiveness, cannot b = length of heat exchanger along watgr flow
be derived| Because of these two reasons, the heat trans- direction, ‘ft
fer equatigns must be integrated numerically. M, = molécular weight of vapor, Ibm/Ibin-mole
Basically, the procedure is to vary the fouling resist- Ny; = vapor mass transfer rate per unit putside
ance until the calculated parameters match the measured area, lbm-mole/hr-ft%, of jt elementlof heat
parameter§. The fouling resistance thus obtained is then exchanger
used to calfulate the heat transfer rate under the design Weonay&= mass flow rate of condensate generafed per
accident cqnditions. unit length, Ibm /hr-ft, along the direction
The methodology used in the following example can of water flow of j™ element of heat
be applied|to any heat exchanger, with the exception of exchanger
coil-tube hpat exchangers. Wy, = mass flow rate of dry air per unit [ength,
Ibm /hr-ft, along the direction off water
C-3.1 Collect the Test Data flow
Paragragh 6.3 describes the data needed for this test. bij = VapOI‘-tO-dI‘Yﬂ?lr mass ratio upstrpam of
‘ Various conbinations of data can be used. Ift:this exam- tube row of j i element C?f heat exchanger
. ple, it has|been assumed that the follgwing data are brj = Vapor-to-dry'?}}r mass ratio downstieam of
" available: tube row of j™ element of heat exchanger
(a) procgss fluid (steam-air mixtiire) pressure ¢n = vapor-to-dry air mass ratio at inlet
(b) COOI_I '5 ﬂu_ld inlet tempgriiuke From the law of conservation of energy appliedl to the
(c) cooling fluid o.utlet eI erat.ure ) ) fluid outside the tubes in the j™ elements of tihe heat
(d) progess fluid (steam-air mixture) inlet exchanger, note the following:
temperatuge
ter(;;ef:t?lc Zss fluid—(steam-air mixture) outlet Waer, — e2,) = LI]<%)B (Tar + Tz - Tl,j]
;f) cooling ﬂu@ flow rate- o . . + (Weona)€ans) €3
¢) prodess’fluid (steam-air mixture) inlet relative
humidity _
€1,j = €in
C-3.2 Write the Finite Difference Equations Ty =Tom ; 15jSN
Write the finite difference equations of the heat trans-
fer process. Equations (C-1) to (C-24) are shown here as e = fi(¢, To) (C-4)
a guide. These equations are for a cross-flow unmixed
heat exchanger having only one tube row with fins on =~ where
the outside. Figure C-1 shows this heat exchanger along A = total outside heat transfer area, ft* = Agy,
withits j ! finite element bounded by two parallel planes + Apexp [see eq. (C-6)]
in the y-z plane. The air flow is along the y direction. The b = length of heat exchanger along water flow

direction, ft
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Fig. C-1 One Tube Row Air-to-Water Cross-Flow Heat Exchanger
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Fig. -2 Fin, Condensate Layer, and Interfaces

—

V4 Fin \

Condensate layer

/ Gas-liquid interface

enthalpy of air-vapor mixture, Btu/Ibm of
dry air, upstream of tube row of j ™ element
of the heat exchanger

enthalpy of air-vapor mixture, Btu/Ibm of
dry air, downstream of tube row of j™ ele-
ment of the heat exchanger

enthalpy of the condensate, Btu/lbm, of j ™
element of the heat exchanger

enthalpy of the air-vapor mixture,
Btu/lbm da, at the inlet

functional operator 1

temperature, °F, of air-vapor mixture
temperature, °F, of air-vapor mixture
upstream of the tube row of j element of
the heat exchanger

temperature, °F, of air-vapor mixture
downstream of the tube row of j element
of the heat exchanger

temperature, °F, of dirvapor mixture at
inlet

tube side fluid temperature, °F, of j™ ele-
ment of the heat exchanger

overall héat\transfer coefficient, Btu/
hr-ft>-%E50f j™ element of the heat
exchanger

mass flow rate of condensate generated per
unit length, Ibm/hr-ft, along the direction

Tcollj

total outside heat transfer area, ft?
+ Apexp [se€ 9. (C-6)]

area, f?, of a finite element of th
exchanger (also total heat transfer
the heat exchanger divided by the 11
of elements into which the heat exc|
has been subdivided) = A/N
number of elements into which t}
exchanger has been subdivided
temperature, °F, of air-vapor m
upstream of tube row of j elemen
heat exchanger

temperature, °F, of air-vapor m
downstream of tube row of j eler
the heat exchanger

= tube side fluid inlet temperature,

tube side fluid temperature, °F, up
of the first heat exchanger element
tube side fluid temperature, °F, of
ment of the heat exchanger

tube side fluid temperature, °F, of

element of the heat exchanger

= Aﬁn
e heat
area of
umber
hanger

e heat

ixture
[ of the

ixture
hent of

I
stream

it ele-

-1y

U[ W Cl.ltl IIU W Uf jth C}Clllclli Ulr llCﬂ.l
exchanger

mass flow rate of dry air per unit length,
Ibm /hr-ft, along the direction of water flow
vapor-to-dry air mass ratio

law of conservation of energy applied to

the fluid inside the tubes in the j™ element of the heat
exchanger, note the following;:

1
(ch)t(Tt,j -Tij1) = Uj(AA)[§ (Txl,j + sz,j) - Tt,j:|
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(ch)t

= tube side fluid outlet temperature,

°F

overall heat transfer coefficient, Btu/
hr-ft>-°F, of j' element of the heat

exchanger

product of the tube side flow rate and spe-

cific heat, Btu/hr-°F

The local heat transfer coefficient is a function of local
temperature and vapor partial pressure and needs to be
calculated simultaneously. To evalute the local overall
heat transfer coefficient, the following equations can be
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established using the law of conservation of energy, vari-
ous constitutive relationships, and definitions. The over-
all heat transfer coefficient can be expressed in terms of
individual conductances as follows:

PART 21 (STANDARDS)

T;; = local average temperature, °F, of outside heat
transfer surface of j™ element of the heat
exchanger

T,; = tube side fluid temperature, °F, of j th element

of the heat exchanger

U; = overall heat transfer coefficient, Btu/ hr-ft>-°F,
of j™ element of the heat exchanger
o = condensate layer thickness, ft, of jth element

of the heat exchanger

1 1
uj(Aﬁn + At,exp) B hﬁn,j(’?jAﬁn + At,exp)
+ % + 1%1 (Psz + rﬁ) (C-6)
where
Agl, = surface area of the fins, ft?
A; = inside area of the tubes, f?
Al = outside area of the tubes, ft?

At e = outside exposed area of tubes, ft%; this is the
area of the tubes that is in direct contact with
the outside fluid

d; = inside diameter of the tube, ft
d, = outside diameter of the tube, ft
heo; = heat transfer coefficient, Btu/ hr-ft>-°F, asso-
ciated with the fin surface of j™ element of
the heat exchanger
i = tube side heat transfer coefficient,
Btu/hr-ft>-°F
kwai = thermal conductivity of the tube wall mate-
rial, Btu/hr-ft-°F
1 = inside fouling resistance, hr-f2-°F/Btu
Y; = overall heat transfer coefficient, Btu/.
hr-ft>-°F, of j th element of the heat exchanger
% = fin efficiency (dimensionless) associated

with the fin surface of j™ element of the heat
exchanger

Sincp the heat flows from the outside fluid to the

inside

fluid via the condensate layér ‘and the fins, one

can wtiite the following:

where

hout,

kcond
q; = -4 (To,j - Ts,j) (C-7)
i
gi Eisut,j(Toj — T, ) (C-8)
q—= Uj(Tx; — Tt)) (C9)

outside heat transfer coefficient, Btu/
hr-ft>-°F, associated with simultaneous heat

The focat heat transfer rate per umit outzeide area is

equal to the sum of convective heat tyans
unit area and the energy release rate per unit
ated with the condensation of vapor./Theref

gi = hj(Twj = T, ;) + (N, (i) (M)

and

Txv,]' ~ %(Txl,]’ + sz,]‘)

1
Tcond,j =3 (To,j + TG,])

hg, -= heat of condensation of the vapg
h outside heat transfer coeffic
hr-ft>-°F, of j ' element of the hea
adjusted for high mass transfer
ated with sensible heat transfer
molecular weight of the va
Ibm-mole

vapor mass transfer rate per uj

r rate per
hrea associ-
ore,

(C-10)

(C-11)

(C-12)

r, Btu/Ibm
ient, Btu/
t exchanger
rate associ-
only

por, Ilbm/

nit outside

area, Ibm-mole/hr-f£, of j th olemment of the

heat exchanger
local heat transfer rate per unit o
Btu/hr-ft?>, of j! element o
exchanger
Teond,; = condensate temperature, °F, of
of the heat exchanger
T.; = temperature, °F, of bulk fluid
tubes of j™ element of the heat
T.1; = temperature, °F, of the air-va
upstream of the tube row of j*
the heat exchanger
Ty, = temperature, °F, of the air-vap
downstream of the tube row of
of the heat exchanger

q =

Litside area,
[ the heat

it element

hround the
exchanger

or mixture
element of

por mixture
™ element

kcond

i

’1—2)/]' =
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and mass transfer of j™ element of the heat
exchanger

bulk thermal conductivity of the condensate,
Btu/hr-ft-°F

local heat transfer rate per unit outside area,
Btu/hr-ft?, of j™ element of the heat
exchanger

temperature, °F, of bulk fluid around the
tubes of j element of the heat exchanger
temperature of gas-condensate interface, °F,
of j™ element of the heat exchanger

No reproduction or networking permitted without license from IHS

T,; = temperature of gas-condensate interface, °F,
of j™ element of the heat exchanger

T,; = local average temperature, °F,

of outside

heat transfer surface of j™ element of the

heat exchanger

The mass transfer rate per unit outside area is related
to vapor partial pressure difference by the mass transfer

coefficient as follows:

Naj = ka, 111<—pt0t — pA/n,j)

Prot = PA, e

Not for Resale
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The relationship between vapor partial pressure and

1
Pazj =5 (Pazj+ Paz,) (C19) vapor mass fraction can be expressed as follows:
where M _
ka; = mass transfer coefficient, Ibom-mole/hr-ft?, b = MA (&) (C-17)
of j element of the heat exchanger not a \Prot = PaseL
adjusted for high mass transfer rate Ma [ Pasaj
N4; = vapor mass transfer rate per unit outside b = 3 (m) (C-18)
area, Ilbm-mole/hr-ft, of j element of the o
heat exchanger
where
Pa~,; =[average vapor partiat pressure, psia, i the -
bulk fluid of j™ element of the heat M4 = molecular weight of the vapoy, lbm/
exchanger Ibm-mole _ .
Pa=1,; =| vapor partial pressure, psia, upstream of the Mgz, = molecular weight of dry air, lbm /Ibip-mole
tube row of j ™ element of the heat exchanger Pas1; = vapor partial pressure, psia,tpstream of the
Pax2j =| vapor partial pressure, psia, downstream of tube row of j ' element of the heat exchanger
the tube row of jth element of the heat PA2,j vapor partial pressure/psia, downstgeam of
exchanger the tube row pf ¥ element of the heat
Pao,; =| saturation pressure, psia, of the vapor at exchanger
temperature T, of j™ element of the heat Pt = pressure, psia, of the vapor-air mixtpre
exchanger ¢1j = vapor-t6-dry air mass ratio of j™ elethent of
Prot =| pressure, psia, of the vapor-air mixture heat €xghanger upstream of tube row
- : : th
The local donvective heat tljans.fer coefficient is altered i = Eig’?;tghi;}égll‘r;;j\fi;;tel:rsf ({ £ tﬁfenﬁ)r\l:/ of
by the locql mass flux and is given as follows:
. N4 ;Ca (C.15) The heat transfer coefficient associated with the out-
T N, Cy) side‘heat transfer surface can be expressed in tdrms of
outside fouling resistance, condensate layer resistance,
where and the outside convective resistance. Therefore
C4 = polar specific heat, Btu/lbm-mole-°F, of puré
yapor 1 1 5
hj = putside heat transfer coefficient, Btu/ hr-ft2=°F, }?n] = }Tut] t ot Keond (C19)
n noncondensing situation of j™ elerent of
he heat exchanger N , where
hi = putside heat transfer coefficient, Btu/hr-ft*-°F, B heat t f fficient, Btu/hr-f-°F .
bf ' element of the heat exXchanger adjusted fin] ead r*?“}f e}:‘ C;).e ICI?H ’ F'th rl ’ asioil
or high mass transfer tate associated with ;te with the fin surface of /=" element of the
: eat exchanger
bensible heat transfer ‘only - de h ¢ tfici
N,; = yapor mass transfer.rate per unit outside area, out; OUtszl o e heat ) trans er coe icient) Btu/
bm-mole/hr-ft?; of j™ element of the heat hr-ft>-°F, associated ‘N'ltih snnultaneo;ﬁs heat
bxchanger and mass transfer of ;™ element of the heat
exchanger
Assuming that thermodynamic equilibrium exists at keona = bulk thermal conductivity of the condensate,
the gas-corpdensate interface, the vapor partial pressure Btu/hr-ft-°F
at the intefface_is equal to the vapor pressure of the Tho outside fouling resistance, hr-ft*-°F /Btu
liquid at the interface temperature as follows: 5 condensatetayerthickness £ of jth dlement

Paoj = psat(TU//) (C-16)

of the heat exchanger

Note, hg, should be used to calculate fin efficiency

where
. . refer to para. C-2.1.8).
Pao; = partial pressure, psia, of the vapor at the ( P ) .

o as-liquid interface of i element of the The condensate layer flows vertically downwards
sas-iq J along the fin surface. Its thickness can be calculated
heat exchanger . . .

_ . . using the following expression:
Psay(, ) = saturation pressure, psia, of the vapor cor-
' responding to T, »
T,; = temperature of gas-condensate interface, 3 |:3MNA,]'MAL] / (C-20)

°F, of j™ element of the heat exchanger

N N A T
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where The mixed mean outlet temperature of humid air is
g = acceleration due to gravity, ft/hr? related to the mixed mean outlet enthalpy and mixed
L = vertical length, ft, of fins over which conden- ~ mean outlet vapor mass fraction. This is shown symboli-
sate layer slides cally by the following relationship:
M, = molecular weight, lbm /lIbm-mole, of the
vapor Toour = fZ(eout/ Pout) (C-29)
Ny, = vapor mass tranzsfer rg;che per unit outside area, where
Ibm-mole/hr-ft", of j= element of the heat eout = enthalpy, Btu/Ibm of dry air, of the air-vapor
exchanger ) th mixture at the outlet
9 = condensate layer thickness, ft, of j element £ frimebicma] commreabar
Of the .heat exchanger T, Ojuf = mixed mean temperaturé,) {F, of the
p| = viscosity, Ibm /hr-ft, of the condensate ’ air-vapor mixture at the outlet
- : 3
= densty o/ of thocondensate i, — aportody air mass il t e ot
ol — 7 s -
C-3.3 Solve the Finite Difference Equationq and
The mass transfer coefficient can be evaluated using Evaluate Fouling Resistance
th 1 bet heat transf d transfer.
© anproy between fea ra.ns e and mass tanster The 24 equations shown“in para. C-3.2 have to be
This r¢lationship is as follows: . . .
solved simultaneously t¢Jevaluate the tube dide fouling
n (PR3 resistance. The follewing variables are known from the
ka = E (§) (C_Zl) test: Tt,in; Twl 7 Pt Wt; Tt,out; Tw,out; and Pot-
The solutionof finite difference eqs. (C{l) through

Pr 3

Sc 3

It is
air out

= molar specific heat, Btu/lbm-mole-°F, of the
air-vapor mixture

L outside heat transfer coefficient, Btu/hr-ft>-°F,
in noncondensing situation

+ mass transfer coefficient, Ibm-mole/hr-ft, not

adjusted for high mass transfer rate

= Prandtl number of the air-vapor mixture
(dimensionless)

= Schmidt number of the air-vapor mixture
(dimensionless)

clear from the above equations ‘that the humid
etenthalpy and vapor-mass fraction are functions

(C-3) and (Cr5) requires the overall heat trar

wsfer coeffi-

cient, Upas a function of location within the heat

exchafger. The equations are nonlinear becay
ficieits themselves depend on the unknow?
Therefore, these equations require iterative
for their simultaneous solution.

The overall procedure is to assume a tube s
resistance and dry-air flow rate. The com
these two values that matches with the tw
outlet temperatures is the proper air flow ra
side fouling resistance.

C-4 TRANSIENT TEST METHOD

se the coef-
h variables.
techniques

ide fouling
bination of
measured
te and tube

The steady-state temperature profiles of fluids inside

a shell-and-tube heat exchanger during stead
be represented by a set of ordinary differentia
These equations can be integrated when spej
constant and when the overall heat transfey
is uniform over the entire heat transfer suj
integration, the relationship between bounds
atures, flow rates, specific heat, overall h{
coefficient, and the heat transfer area are 4
sented in a F-P chart or P-N chart with R as 3
(see section C-2)

ly state can
equations.
cific heat is
coefficient
face. After
ry temper-
at transfer
sually pre-
parameter

When a heat exchanger undergoes a transient, the

of the|distance from the vapor inlet, “x.” The mixed
mean ¢utlet temperature of thehumid air can be related
to the mixed mean values of outlet enthalpy and vapor
mass ffaction. The expressions of humid air mixed mean
outlet pnthalpy and vapor mass fraction are as follows:
1 N
€out = N ];1 €, (C-22)
1 N
¢0ut = ﬁ];l ¢2,j (C‘23)
where
ey; = enthalpy, Btu/lbm of dry air, of the air-vapor
mixture downstream of the tube row of j™
element of the heat exchanger
eout = enthalpy, Btu/lbm of dry air, of the air-vapor
mixture at the outlet
N = number of elements into which the heat
exchanger has been subdivided
¢, = vapor-to-dry air mass ratio downstream of the
tube row of j™ element of the heat exchanger
¢out = Vapor-to-dry air mass ratio at the outlet
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temperature profile of shell and tube side fluids can be
represented by a set of partial differential equations.
For certain simple boundary conditions, these equations
may be amenable to direct closed form solution. How-
ever, for arbitrarily specified time-dependent boundary
conditions of fluid inlet temperatures or flow rates, a
numerical integration must be performed.

To integrate the partial differential equations, the ini-
tial condition of the temperatures, in addition to the
boundary conditions, are needed.
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In the example that follows, the applicable set of finite
difference equations, the required test data, and data
evaluation procedure are presented for a simplified
shell-and-tube heat exchanger. A similar process would
be followed for a plate heat exchanger.

C-4.1 Establish the Initial Conditions

Before the difference equations obtained in para. C-4.2
can be solved, the initial conditions (the fluid tempera-
ture profiles inside the heat exchanger) must be estab-

ASME OM-2012

If both outlet temperature time histories are measured,
then the second outlet temperature can be used as a
check.

CAUTION: It is desirable to have steady flow rates. However,
if it is not possible, then the heat transfer coefficient needs to
be calculated at each time step.

C-4.3 Write the Finite Difference Equations

Write the governing equations in the finite difference
form. However, if one wishes to obtain a closed form

lished. This can be done in one of the following two
ways depepding on whether the hot fluid flow can be
stopped o1 not.

C-4.1]1 Process (Hot) Fluid Flow Can Be
Stopped. [Stop the flow of the process fluid through
the heat echanger and watch the inlet and outlet tem-
peratures ¢f the cooling fluid. The inlet temperature of
the cooling fluid must be constant. When the outlet
temperatufe of the cooling fluid becomes equal to the
inlet tempprature, the entire heat exchanger is at the
cooling fll}id inlet temperature and this is the initial
condition.

C-4.1.2 Process (Hot) Fluid Flow Cannot Be
Stopped. [If the process fluid cannot be stopped, then
the heat exfhanger must operate at a steady-state condi-
tion befor¢ the transient testing begins. Under these
conditions| the initial temperature profiles at the begin-
ning of trapsient testing can be obtained by solving the
difference ¢quations using any reasonable initial condi*
tions for a[long enough period so that a steady state:s
achieved. The temperature distribution thus caletilated
will provide the initial conditions for the transient test.
In this sityation, the cooling fluid is usually stopped,
the proces$ fluid loop is allowed to heatyup, and the
cooling flujd is reinitiated. The initial steady-state condi-
tion would normally exist just before the cooling fluid
is stopped

Alternatjvely, the initial conditions can be established
by solving|the steady-state, differential equations.

If the ptocess fluid flew can be stopped, then this
method of [establishing\the initial conditions should be
chosen. In this way;the initial conditions can be directly
measured from. the'test and another calculation is not
needed.

solution, then one would need to write the diff¢rential
equations. A closed form solution may not be obtpinable
in many instances. Under these conditions,a nuinerical
solution of the finite difference equatiens is the only
alternative.

Figure C-3 shows a one-tube pass and one-sh¢ll pass
countercurrent flow heat exchanger. Figure C-4|shows
an infinitesimal element of this heat exchanger bqunded
by two parallel planes normal to the length of the heat
exchanger. The following finite difference eqyations
based on the energy€onservation equation and tle defi-
nition of the overallheat transfer coefficient can Qe writ-
ten for the shell and tube side flows. The governing
equations forother types of arrangements can be written
in a similar way using the procedure described here as
a guide,
NOTE: The following equations are dimensionally comsistent,
and any dimensionally consistent set of units may be us¢d.

For the shell side fluid in the j element the [rate of
increase of stored energy is as follows:

Mo P
A(mc)s[—s’] yir ”]]

p+l

where
T,/ = temperature of the shell side fluid irf the ih
element at the p™ time step

T,/*! = temperature of the shell side fluid ir{ the j™
element at the (p + 1)™ time step
A(mc); = summation of stored mass and specific heat

of the components associated with the shell
side flow divided by the number of elpments
into which the heat exchanger has been
divided; these elements are the shell, shell
side fluid, and half of the tube wall (the

C-4.2 Collect the Temperature and Flow Rate Data

C-4.2.1 Record the following four parameters:
(a) cooling fluid inlet temperature time history
(b) process fluid inlet temperature time history
(c) cooling fluid flow rate time history
(d) process fluid flow rate time history

C-4.2.2 In addition, record one of the following
two parameters:
(a) cooling fluid outlet temperature time history
(b) process fluid outlet temperature time history

other half of the tube wall thermal inertia
is part of the tube side fluid)
At = time step size

The rate of energy entering from the shell side of the
(j — 1) element is as follows:

(WCP)S(Ts,j—‘Ip)

where
T,j-1" = temperature of the shell side fluid in the
(i — 1) element at the p™ time step

220
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Fig. -3 Schematic Representation of a Countercurrent Shell-and-Tube Heat Exchanger

j Ts, N TN

_ 1 TT ] -

A AA j T out
T: out

Fig. C-4 A SmallElement of a Countercurrent Shell-and-Tube Heat Exchanger

Shell-side fluid
Ts,i— 1 Ts,j Ts,j+1
_ -
Tyj-n Ty j Tt j1
-
haN
N Tube-side fluid
A AA
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(WCp)s = product of the shell side mass flow rate and

the specific heat

ASME OM-2012

For the tube side fluid in the jth element, the rate of

increase of stored energy is as follows:

The rate of energy exiting out of the shell side of the j™ T,/ - T,
element is as follows: A(mc)t[ At ]
(WCp)(T,;*) where
T,/ = temperature of the tube side fluid in the j"
where g th ..
) o element at the p™ time step
T.;) = ’Ftehmperature of the tihell side fluid in the T, ! = temperature of the tube side fluid in the jth
f—elementatthep Hime-step clement at the (p + 1) Time step
(WCp)s  product of thg shell side mass flow rate A(mc); = summation of stored mass and specific heat
and the specific heat of the components associated,with the tube
The rate of energy transfer to the tube side flow in the side flc?w d1v1(?1ed by thepnufnber jof ele-
ith g, : ) ments into which the heat exchanger has
j " elemen is as follows: o
been divided; these,elements are the tube
UAA)(T, * — T, 7) side fluid and half of the tube wall (thie other
; half of the tuberwall thermal inertia|is part
where of the shell side-fluid)
T,/ = femperature of the shell side fluid in the j* At = time step size
¢lement at the p™ time step _ )
T,/ = {emperature of the tube side fluid in the jt T'he ri;cle of energy\entering from the tube side| of the
¢lement at the p™ time step (j + 1™ element/is‘as follows:
U = ¢verall heat transfer coefficient, referred to the WO, P
utside area; this could vary with time if the (WCp) T jn
flow rate is also varying with time where
AA = 10@1 heat transfer area of the heat gxchanger Ty’ = temperature of the tube side fluid|in the
ivided by the number of elements into which ‘ (j + 1)™ element at the p™ time step
he heat eXCha“Ser has been divided (WCp); = product of the tube side mass flow rate and
From the lhw of conservation of energy, the specific heat
S Th ¢ iti f the tube side of the j™
(WCp) T,/ = (WCp).T, + A(mc)s[ 5,j < s,;} e rate of energy exiting out of the tube side of the j
t element is as follows:
+ UQAXT, - T,) (WCp)T,; ¥
where all the variables are defined above. where
o . s
Solving fof the unknown tempetature, Tyj ‘ftehmperature of the tﬁul.)e side fluid) in the
j element at the p™ time step
w1 _ (WCp)(AD) (WCp)y = product of the tube side mass flow rate
I = A(mo)el—"" and the specific heat
+ [I= $Cp): + U(AA))At]n g The rate of energy transfer from the shell side fluid of
Amo)s ‘ the j™ element is as follows:
LI(AA)At J ’
+ A— T[/]'p,' 1 Sj <N (C-25)
(el QAT ~ T, ")
where all variables are as defined above. where
_ . . . -th
From the shell side inlet boundary condition, I,;" = temperature of tt}h‘e shell side fluid in the j
element at the p™' time step
Toof = Tyin® (C-26) T;j’ = temperature of the tube side fluid in the j th
where element at the p™ time step
U = overall heat transfer coefficient, referred to the
T,in’ = inlet temperature of the shell fluid at the pth outside area (this could vary with time if the
time step flow rate is also varying with time)
T,of = temperature of the shell side fluid upstream AA = total heat transfer area of the heat exchanger

divided by the number of elements into which
the heat exchanger has been divided

of the first heat exchanger element at the p™
time step
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From the law of conservation of energy,

(WCp)(Tjui” + UQAA)Tf - Tei)

T, Pl _T, P
= (WCp) T, + A(mc)t[u
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At } where

Solving for the unknown temperature,

%I=hlo+rf't+r“’+%hli (C-33)
do
Tre = Tro t Z Tti (C-34)
d; = tube inside diameter
d, = tube outside diameter
h; = inside heat transfer coefficient referred to the

WCp); (At
r = WP 7
L\\IILL,t
(WCp): + U(AA))At
+1- ¢ iP
A(mce), !
UQAAL L,
_ P <71 < -
Amo), T 1<j<N (C-27)
where|the variables are as defined previously.
From the tube side inlet boundary condition,
Tine® = Tt,INp (C-28)
where
T;/ = inlet temperature of the tube side fluid at
the p™ time step
TinfiP = temperature of the tube side fluid upstream

of the N'" element of the heat exchanger at
the p' time step

The putlet temperatures are set equal to the tempera-
ture in| the boundary element, which is just upstream of
the ouflet. Thus,

T,our’*! = T, (C-29)

Tt,OUTp+1 = Tr,lwl (C'3O)

AA andl At must satisfy the inequalities (C-31) and (C-32)
simulthneously to satisfy.the stability criteria,

P A(mc)s 1
& Wep. + uaa) .
At Ao, (C-32)

= (WCp), + UBA)

h, = outside heat transfer coefficient ref¢rred to the
outside area

rri = inside fouling resistancelreferfed to the
inside area
o = outside fouling resistance referred to the

outside area
sy = total fouling resistance referred to the outside
surface area
r, = tube wallresistance referred to the qutside area
U = overallheat transfer coefficient, ref¢rred to the
outside area; this could vary with [time if the
flow rate is also varying with time

The procedures for calculating h;, h,, 1, etc. are
deseribed in detail in section C-2.

Equations (C-25) through (C-30) can be solyed to yield
temperatures with superscript (p + 1) using the values
of temperatures with superscript p. At eaclf time step,
the temperatures with superscript p are knopvn and the
temperatures with superscript (p + 1) are urjknown. At
the first time step, all the temperatures are known from
initial conditions. Thus, the time histories of[both outlet
temperatures can be calculated in a step-by-sfep manner.
Repeat the calculations with a smaller time step and
finer noding to check for convergence of thg calculated
outlet temperature time histories. The valug of fouling
resistance that best matches the measured ouflet temper-
ature time histories is the actual fouling rgsistance of
the heat exchanger.

C-5 TEMPERATURE EFFECTIVENESS TEST| METHOD

The temperature effectiveness test methodl is used to
calculate a projected temperature of a heat exchanger at

where the variables are as defined previously.

C-4.4 Solve the Finite Difference Equations and
Evaluate the Fouling Resistance

The procedure is to guess a value of total fouling
resistance, expressed by eq. (C-34) in terms of inside
and outside fouling resistances, and calculate the overall
heat transfer coefficient, U, using eq. (C-33). If the flow
rates are also changing during the transient testing, then
the overall heat transfer coefficient would change with
time and would need to be calculated at each time step.
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a known reference point (typically at the design accident
conditions) based on data collected at the test point. The
method described below can be applied to a wide variety
of heat exchangers, and can be calculated by hand. It
assumes that the process and cooling fluid mass flow
rates at the test point are essentially the same as those
at the reference point (within +5%). This test method is
accomplished by collecting the process and cooling fluid
inlet and outlet temperatures at the test point, choosing
two temperatures at the reference point, and calculating
the remaining two temperatures at the reference point.

Not for Resale
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C-5.1 Establish Flows

Although the flow rates (cooling fluid and process)
are not required to be permanently and accurately mea-
sured, since the temperature effectiveness will vary with
both flow rates, repeatable flow rates must be estab-
lished (e.g., same valve lineups, header pressures, pump
currents, etc.). Both flows should be within 5% of the
flow rates that were used to establish the acceptance
criteria.

ASME OM-2012

Ty, = process fluid inlet temperature, °F, at test

conditions

t1; = cooling fluid inlet temperature, °F, at test
conditions

t,; = cooling fluid outlet temperature, °F, at test
conditions

The temperature effectiveness is also called the ther-
mal effectiveness or temperature efficiency, and is
always a number between 0 and 1.

C-5.2 Collect the Temperature Data

Record the following temperature data at steady-state
conditions| This set of test data will be termed the test

point.

T1: = process fluid inlet temperature, °F, at test
donditions

t;;+ = dooling fluid inlet temperature, °F, at test
donditions

T, = process fluid outlet temperature, °F, at test
donditions

t,+ = dooling fluid outlet temperature, °F, at test
donditions

C-5.2.1 |Data Set

T, = 1450

ty = 70.0

Tpy = 1234

thy = 9P3.0

C-5.3 Calculate the Capacity Rate Ratio

Ry = (Ty = Top)/(tor = tie)

C-5.4.1 Data Set

P, = 0.3067
T, = 145.0
ty, = 70.0
thy = 93.0

C-5.5 Calculate the Projected-Temperatures

Using the capacity ratejratio and temperature effec-
tiveness at the test point (as calculated in parag. C-5.3
and C-5.4) and any’two temperatures at the reference
point (i.e., any two accident condition temperatures),
calculate the twio'projected temperatures at the reference
point (i.e., the other two accident condition tempera-
tures) using.the following equations. If the accidgnt con-
ditiontémperature of interest does not mget the
acceptahce criteria (refer to section 9), then cofrective
action is necessary. For the example that followys, the
kriown temperatures and the acceptance criterig (used
to compare the calculated temperatures against) are
assumed to be the same as para. C-2.1.1.1 data s¢t or as
follows:

where T4 = 140.0
. . . . tia = 75.
R; = dapacity rate ratio (dimensionless) at test Tl’d _ 1“;)903
donditions tz/d _ 97.0
T1: = process fluid inlet temperature, °F, at test 2d = 2
donditions C-5.5.1 If T, 4 and t; 4 Are Known
t;; = dooling fluid inlet temperature, °F, at test
donditions taa = tia + Pr(T1a — t1,a)
T,, = frocess fluid outlet temperature, °F, at test
o Eonditions P Toa = T14a — Rta,a — t1,0)
ty; = dooling fluidioutlet temperature, °F, at test C-5.5.1.1 Data Set
donditions P, = 0.3067
C-5.3.1 [Data-Set Ry = 09391
Ry = (9391 Tiq = 140.0
T]/t = 145.0 t1,g = 75.U \
tiy = 70.0 T,q = 121.3
T,, = 1234 try = 94.93°
fhy = 93.0

C-5.4 Calculate the Temperature Effectiveness
by = (tz,r - tl,f)/(Tl/t - tl/t)

where
P, = thermal effectiveness (dimensionless) at test
conditions

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

C-5.5.2 If T, 4 and t, 4 Are Known

t1a = toq + Pi(tya — T1,a)/(1 = Py)

Toq = Ta = Ri(to,a — t1,q)

% These values should be compared with the para. C-2.1.1.1 data

set, with appropriate consideration of uncertainty.
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C-5.5.2.1 Data Set

b,
R;
T4
t1,a
Tha
4

0.3067
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C-6 BATCH TEST METHOD

= 0.9391
140.0
77.98°
97.0
= 12213

C-5.5.3 If T, 4 and t; 4 Are Known

P,
R;
T4
4

b4
C-5

C-

R;
T4
t1,4

Toq|=
bal|=

C5

P,
R;
T4
1,4
T
bd

L ]
Tt ot

+ DtI'T' e +JM\ a-— DLP’\

The batch test method is used to calculate the tempera-
ture effectiveness and overall heat transfer coefficient of
a heat exchanger by measuring initial and final process
temperatures over a measured time period, while hold-
ing the cooling fluid inlet temperature constant. Using
the thermal capacity of a reservoir (i.e., the process fluid),
the temperature effectiveness and overall heat transfer
coefficient can be calculated.

Tr,a = Toq + Re(to,q — t1,a)

5.5.3.1 Data Set
= 0.3067

= 0.9391

= 137.28

= 75.0

= 1193

94.08°

5.4 If T, 4 and t, 4 Are Known

tia = toa + Pi(tya — To,a)/(1 = PR, — Py)

Tia = Toq + Re(trq — t,a)

Tl Lll - 1 1 +1
TITC TONOWITZ CXdITpIe demonstrates—thg batch test

method for a reservoir of process fluid
100,000,000 Ib of water being cooled frém 20

tontaining
°F to 180°F

in 20.55 hr. The flow rate of theleooling fluid is
1,000,000 Ib/hr and the inlet temperature of the cooling

fluid is 60°F. The shell side of_the heat eychanger is

supplied by the fluid of thedeservoir.

NOTE: Although this example is for the cooling
containing the process fluid; the methodology for t
a reservoir containing.the cooling fluid would be si

C-6.1 Calculate‘the Thermal Capacity of th
Fluid

Cp,t = (Mp,t)(cpp,t)

f a reservoir
he heating of
milar.

e Process

5.5.4.1 Data Set where
= 0.3067 C,; = thermal capacity of the process flfiid, Btu/°F,
= 0.939; at test conditions
= 135-13 Cpy: = specific heat of the process fluid, Btu/Ibm-°F,
= 80.13 at test conditions, from the rdference in
= 1193 subpara. 3.2(e)
= 97.0 M,; = mass of the process fluid, Ibm, at test
5.5 If Ty 4 and T, 4 Are Known conditions
3 C-6.1.1 Data Set
tia = Tia + (To,q — Tya)/RiPy C, = 100,000,000
tra = tig = (Toa 7T1,4)/Rs Cppr =1
M, = 100,000,000
5.5.5.1 Data Set ) )
— 03067 NOTE: In the event that the thermal capacity of the|process fluid
_ ’ 1 reservoir cannot be ascertained accurately, measuring|the heat duty
= 0939 through the heat exchanger as a function of time and integrating
= 140.0 it to obtain the total quantity of heat transferred durihg the period
= 68.137 of testing is an acceptable procedure.
= 1198
= 9017 C-6.2 Calculate the Temperature Effectivengss
'M_lLLle_and_tsz-Am-Kmn Dt — [Fp,r (*IA]L,IFPL,I)] ]“[(Tl,t,i = +1,r) /(Tl,[,j tl,t)]
Tig = tya+ (tag — tia)/ Py where
Toa = Tia - Reltaa - t10) C,: = thermal capacity of the process fluid, Btu/°F,
at test conditions
C-5.5.6.1 Data Set Cpy: = heat capacity of the cooling fluid, Btu/Ibm-°F,
= 0.3067 at test conditions, from the reference in
= 0.9391 subpara. 3.2(e)
= 146.7 P; = temperature effectiveness (dimensionless) at
= 750 test conditions
= 126.1° t;; = cooling fluid inlet temperature, °F, at test
= 97.0 conditions
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Tys = final process fluid inlet temperature, °F, at
end of time 7 at test conditions
T14; = initial process fluid inlet temperature, °F, at
beginning of time 7 at test conditions
W, = mass flow rate of the cooling fluid, Ibm /hr,
at test conditions
7 = time required to cool the process fluid, hr

C-6.2.1 Data Set

ASME OM-2012

P, = temperature effectiveness (dimensionless)
at test conditions

R; = capacity rate ratio (dimensionless) at test
conditions

NOTE: Equations for NTU for other than countercurrent flow
configurations are given in the reference in subpara. 3.2(c).

C-6.4.1 Data Set

P, = 0.75
Cpr = }O0,000,000 R, = 12
Cpc,t = [
tiy = PO therefore,
Tip = [180 NTU; = 4.58
Tl,t,i = 200
W.; = [1,000,000 C-6.5 Calculate U; (NTU Method)

T = R0.55
Uy = (NTU)(We)(Cpe)/ Ao
therefore,
Pt = 075 Where
A, = effective external surface area, 2, |at test

C-6.3 Calculate the Capacity Rate Ratio

Ry = Wc,zCPc,z/Wp,tCPp,t

where
Cp.: = |heat capacity of the cooling fluid,

Btu/lbm-°F, at test conditions, from the refer-

ence in subpara. 3.2(e)

Cpy: = |heat capacity of the process fluid,

Btu/Ibm-°F, at test conditions from the refer=

ence in subpara. 3.2(e)

R; = |capacity rate ratio (dimensionless) at.tést

conditions

W.; = |mass flow rate of the cooling fluid, Ibm /hr,

at test conditions

W, = [mass flow rate of the processfluid, Ibm /hr,

at test conditions

C-6.3.1 |Data Set
Cpt = [1
Cpp,t =11
W,; = |1,000,000
W, = 833,000

therefore,
R, =12

conditions

Cp.: = heat capacity of the cooling |fluid,
Btu/lbm-°F, at test conditions, from the ref-

ererice in subpara. 3.2(e)

NTU; = .number of transfer units (dimensionfless) at
test conditions

LI,N= overall heat transfer coefficient,
Btu/hr-ft>-°F, based on outside surfage area,

at test conditions

W,; = mass flow rate of the cooling fluid, Ilm /hr,
at test conditions

C-6.5.1 Data Set

A,; = 10,000
Cpf,t = 1
NTU; = 4.58
W.; = 100,000

therefore,

U, = 458

NOTE: For NTU curves that are available for split-flow, divided-
flow, and cross-flow heat exchangers, T;; and T,; must bg for the
shell side fluid and t,, to¢, W, and Cp,; must be for the tube
side fluid.

Refer to para. C-2.2.7 to calculate (with some additiorjal data)
the projected overall heat transfer coefficient and heat transfer rate
at design accident conditions.

NOTE: Refer to para. C-5.5 to calculate projected temperatures
at design accident conditions, or continue with the next steps to
calculate the overall heat transfer coefficient.

C-6.4 Calculate NTU
For countercurrent flow

NTU; = [1/(R; = 1)] In[(1 = Py)/(1 - PRy)]

where
NTU; = number of transfer units (dimensionless) at
test conditions

C-7 TEMPERATURE DIFFERENCE MONITORING
METHOD

This example examines a typical emergency diesel
generator (EDG) heat exchanger that is depended upon
to displace 12.37 million Btu/hr at design basis accident
conditions. The design basis of the heat exchanger is
such that the process outlet temperature does not exceed
112°F while displacing the required heat transfer. In this
instance, the limiting cooling water inlet temperature
(CWIT) is assumed to be 100°F at a flow rate of
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Fig. -5 Cooling Water Inlet Temperature Versus Temperature Difference

Unacceptable Range

i

Extrapolated data

Temperature Diffefence

10
75 80 85

Acceptable Range

GENERAL NOTES:
(a) Temperature difference = AT
(b) Cooling water inlet temperature = t4

1,650 gpm. The process flow inlet temperature 5:170°F
at a flpw rate of 450 gpm. The heat exchanget:for this
le is a single pass, countercurrent-flow heat

control [valve to modulate process flow to the heat exchanger to
prevenf too much or tog little heat from being removed if it
detectedl a process fluid\temperature outside a specified range.
If this Were to occur,.significant changes in the process flow may
influente the restlting process fluid outlet temperature, the rate
of heat transfer, as“'well as the cooling water outlet temperature.
Signifidant deviations in the process flows, heat load, and process
inlet temperature may invalidate the use of this monitoring

Cooling Water Inlet Temperature

90

temperature decreases. Additionally, this figiire is based
on the heat exchanger supplying the required heat trans-
fer of 12.37 million Btu/hr, with the procesg fluid inlet
temperature at 170°F and with the process flow and the
cooling water flow rates at 450 gpm and [1,650 gpm,
respectively. For example, at 90°F, the baseline cleanli-
ness test revealed a temperature difference qf 3.44°F. By
using this correlation, the temperature differfnce can be
allowed to increase to approximately 23°F|before the
heat exchanger would traverse the point whare it would
no longer satisfy its performance requirements.

The heat exchanger tube resistance (and requlting tem-
perature difference) is permitted to increase ps the cool-
ing water inlet temperature decreases for thereason that
the performance of the heat exchanger meetf its design

method unless Their effects are taken into consideration.

Since seasonal influences may significantly affect the
cooling water inlet temperature, it may be desirable to
establish a correlation that can be used to bound the
acceptable operating range of the heat exchanger as the
cooling water inlet temperature varies with the season,
as shown in Fig. C-5.

Figure C-5 shows that the temperature difference
between the process fluid outlet temperature and the
cooling water inlet temperature may be increased signifi-
cantly above the 13.73°F value as the cooling water inlet

bastsheat trarsfer requirements: frrthisexample, a tube
resistance of 0.006624 hr-ft>-°F/Btu would be permitted
provided that the CWIT was equal to or less than 75°F.
With a CWIT of 85°F, the limiting tube resistance
becomes 0.005205 hr-ft?-°F/Btu. Furthermore, as the
CWIT increases to the design basis temperature of 100°F,
the limiting tube resistance is further reduced to
0.002962 hr-ft>-°F/Btu.

CAUTION: As the cooling water inlet temperature starts an
upward trend, the degree of operating margin will be reduced
in a corresponding manner and experience will be the best guide
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to dictate corrective actions in a timely manner. In this example,
the operating margin may be the difference between the limiting
CWIT as determined by the current temperature difference
(T, — t;) and the actual CWIT, ;.

The procedure for this example is given below.

C-7.1 Calculate the Temperature Difference at Design
Accident Conditions

T T n

ASME OM-2012

94.37°F, respectively. Once the shell side outlet tempera-
tures are determined, the value of the temperature differ-
ence corresponding to a selected cooling water inlet
temperature may be determined and plotted.

C-7.4 Calculate the Temperature Difference at Test
Conditions

ATy = Toq — tiy

A
=g = 124 t,d

where
ooling fluid inlet temperature, °F, at design
tccident conditions
T,4 = process fluid outlet temperature, °F, at design
iccident conditions

f,4 =

AT; = {emperature difference, °F, at design accident
onditions

C-7.1.1 |Data Set

14 = 100

T,s = 112

AT, = 12

C-7.2 Plot|the Design Accident Condition Data

Plot the |data point corresponding to t; 4 and ATy, as
shown in Fig. C-5.

C-7.3 Extrppolate the Design Data to Determine the
Acceptable Range

Extrapolpte the design data to determine the aceept-
able range|of temperature difference (AT) when_dooler
weather cajises a drop in the cooling water inlettemper-
ature (CWI|T or ;). This acceptable range-(@s shown in
Fig. C-5) Will be used as a tool to gayge-future tests.

The extrppolation of the limiting-temiperature differ-
ence corredponding with the lowest anticipated cooling
inlet wafer is derived Msing a heat balance
Q = m+CpAT = UA(LMIDB)\The cooling water outlet
temperatufe and the shell(side outlet temperature are
solved using the aboveheat balance. The shell and tube
side flows|as wellé@s the design fouling resistance, are
considered| constant Over the range of the extrapolation.
The heat trpnste®will increase as the cooling water inlet
temperatute decreases. The unknowns are the shell side

W‘llUIE
t;; = cooling fluid inlet temperature; °E/|at test
conditions

T,4 = process fluid outlet temperature/°F, at[design
accident conditions

AT, = temperature difference, °F/at test condlitions

C-7.4.1 Data Set

tl,t = 85
Tpq = 112
ATt = 27

This temperature’difference at test conditions should
be calculated:at appropriate intervals to assess the foul-
ing tendengyyof the heat exchanger and to indidate the
potential-need for corrective actions. Generally, 3 lower
temperature difference indicates a cleanef heat
exchanger.

C-7.5 Plot the Test Data Against the Design Ddta

Plotting the data point corresponding to the CWIT at
test conditions, t;;, and the temperature differ¢nce at
test conditions, AT;, will reveal that the heat exchgnger is
closely approaching its limit in transferring the r¢quired
amount of heat, even in cooler than normal wedther. If
the CWIT were to increase several degrees, thdre is a
good chance that the heat exchanger would be funable
to perform acceptably.

CAUTION: The ability to take advantage of the margin gained
during cooler weather may be prevented by the wordinjg in the
FSAR or other design documents.

C-8 PRESSURE LOSS MONITORING METHOD)

The methodology used in the example given|below
involves determining the corrected pressure logs for a

outlet temperature and the tube side outlet temperature.

For Fig. C-5, the tube side flow rate is 1,650 gpm and
the shell side flow rate is 450 gpm. The shell side inlet
temperature is 170°F and the tube side resistance is
0.002962 hr-ft>-°F/Btu. At the cooling water inlet tem-
perature corresponding to 100°F, the tube side outlet
temperature and the shell side outlet temperature were
determined to be 115.19°F and 113.73°F, respectively. At
the cooling water inlet temperature corresponding to
75°F, the tube side outlet temperature and the shell side
outlet temperature were determined to be 95.29°F and

given heat exchanger. When applying this method, it is
important to remember that the type of fouling present
in the heat exchanger can significantly affect the sensitiv-
ity of this method (see Nonmandatory Appendix B of
this Part, section B-11).

C-8.1 Establish Flow and Collect Flow Data

A steady-state flow should be established through the
heat exchanger as close to the same flow rate that was
used to establish the acceptance criteria as possible.
Small differences between the test flow rate and the
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acceptance criteria flow rate can be corrected in the
calculation.
C-8.2 Collect the Pressure Loss Data

Using a differential pressure gauge, record the pres-
sure loss at steady-state conditions, as described in
para. C-8.1.

C-8.3 The Corrected Pressure Loss

PART 21 (STANDARDS)

dry condition and can appear as a deceptively thin layer.
One method to ensure accurate film thickness measure-
ment is to remove a sample tube section from the bundle
and cap the ends of the fluid-filled tube for transporting
to the laboratory for evaluation.

It should be noted that visual inspection cannot deter-
mine the integrity of the tube material and should not
be substituted for the predictive monitoring program
where eddy current testing or other nondestructive
examination (NDE) methods are used. In most cases,

Sincp the pressure loss varies with flow rate, it must  eddy current testing can determine the inteprity of the
be corfected from the test flow rate to the acceptance tube material but should not be used to detéfmine foul-
criterig flow rate from which the acceptance criteriawas  ing conditions. A combination of visualinspection and
derivefl. eddy current testing of the tube IRs"is recpmmended

(-8(3.1 Calculate the Corrected Pressure Loss (PL,) where tube wall degradation ig 3spected.
PL, = (W,/W,)'(PLy) C-9.1 Inspection Types

Visual inspections camybe performed on|shell- and
where tube-type as well as plate-type heat exchanpgers. Each
n |= 2.0 if test flow rate is in the turbulent regime  type of heat transfer'surface requires a diffefent type of
= 1.8 if test flow rate is in the turbulent regime  inspection. These inspection types are descrjbed below.

and if the pressure loss is primarily due to . . .
frictional losses in flow through the tubes, C-9.1.1 (Jube Side Inspections. Upon gpening the
rather than entrance/exit losses heat exchanger, the inspector should obserye and note
= 1.0 if test flow rate is in the laminar regime the amount and type of fouling and debris/sludge pres-

PL. |= pressure loss (same units as PL;), corrected to .ent & the heat exchgnger, end bells, and ftubes. T}.le

the acceptance criteria flow rate inspector should obtain samples for laboratofy analysis,

PL, |= pressure loss (same units as PL,), averaged if requlreq. Special attention should be giyen to any

from data collected at test conditions tube openings that may be plugged by foreign material.

W, |= acceptance criteria flow rate (same unité_as Plugged tubes result in removing heat trangfer surface

a Wf),%n which the acceptance criteria jsfbased and may reduce heat transfer capability (sometimes, if

W, |= test flow rate (same units as W,), as‘tnehsured the conditions are right, plugged tubes can result in

at test conditions increased velocity through the tubes, which offsets the

) . effects due to the reduction in heat transfer syrface area).

CAUTIDN:  Both W, and W, must be in the same flow regime. T}, inspection should also be conducted t¢ assess for

CAUTIPN: See Nonmandatory Appendix B of this Part for structural damage, welds, significant wall tHinning due

conditigns that may cause misleading ‘results. to erosion and/or corrosion, tube plug intggrity, tube

C-8.4 [Calculate the Average Corrected Pressure Loss S?feet Egamenﬁs’ and Ot};er discrepancies that might
. aftect heat exchanger pertormance.

Caldulate the average PLiand compare it to the accept- The tubes should be visually inspected td determine
ance cpiteria. their condition from the standpoint of both|cleanliness

and corrosion. Most detailed visual inspectfons can be
C-9 VISUAL INSPECTION MONITORING METHOD conducted using such inspection devices as borescopes,

All inspections should be performed by individuals fiberscopes, or queo probes. . .

B I . . The most effective method of removing gny fouling
proficient corrosion processes, heat transfer, chemis- . N
try, mdteMals, operating conditions, efc., and possessing deposit should be assessed after determining its nature.

a working knowledge in the general preventative main-
tenance of heat exchangers. Inspectors must be trained
to look for more than just gross fouling and/or blockage
and may be required to obtain samples for laboratory
analysis. It is good practice to have a fouling/corrosion
control program that locates fouling, characterizes and
determines the effects on the heat exchangers, and trends
the data for predicting performance.

The best time to perform the inspection is immediately
following disassembly, since the thickness of many bio-
film layers is significantly reduced when they are in a
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Tf pitting 15 observed, evaluate the need for other NDE
to ascertain tube integrity status and possible corrective
action.

C-9.1.2 Shell Side Inspections. The shell side nor-
mally carries the process fluid, which is usually a closed
system and is treated with chemicals to maintain ade-
quate water quality and minimize fouling. However,
where the cooling fluid is routed through the shell side,
where there has been in-leakage from the cooling water
side, or where poor water treatment has contaminated
the normally clean side, there is sufficient potential for
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shell side fouling. This presents additional challenges
for inspecting and cleaning, since the outer tube surfaces
interface with other structural components (i.e., support
plates, and impingement plates) creating areas that may
be inaccessible for direct visual inspection.

Fixed tube sheet bundles cannot be removed from
their shells easily; therefore, it is necessary to look into
the bundle through shell penetrations using either a
video probe or a fiberscope, or by removing a tube or

ASME OM-2012

C-10 PARAMETER TRENDING

The following are examples of parameters that may
be trended.

C-10.1 Test Parameters

If the acceptance criteria can be quantified, and if
enough historical data is available (a minimum of three
previous test results), then trending of calculated test

section of tube to determine the extent of fouling. parameters can be used to determine a projected degra-

C-9.1.3 |Plate Inspections. The basic design of plate-
type heat fexchangers allows easy access to both the
cooling and| process fluid sides when disassembled. Lim-
ited inspedtion, without total disassembly, for fouling,
corrosion, fand debris can be performed by removing
inspection plates after draining the heat exchanger. This
allows for Visual inspection of the inlet and outlet head-
ers and th¢ entrance area to the plate openings by use
of inspectipn devices.

C-9.2 Moritoring Techniques

In addifion to direct visual inspection of heat
exchanger [components, the indirect monitoring tech-
niques desfribed below may be used to detect perform-
ance changes via disassembly, fiberscopes, and robotics.

C-9.2.1|Side Stream Monitor. Use of side stream
heat exchapger inspections can be employed if accurate
and deper{dable correlations between the side streant
heat exchanger and the represented heat exchanger(s)
can be estdblished. Such correlations would need to be
established for both operating conditions and fouling
tendencies|(unless both were known to be.identical). If
inspection [results of the representative(on side stream
heat exchahger identify the need for ‘cotrective action,
it should pe applied to all the rfepresentative heat
exchangery.

C-9.2.2 (Water Quality Monitor. One of the key ingre-
dients of a[program to ensure that heat exchangers will
maintain their ability.to.transfer the appropriate amount
of heat is aflequatewater quality. Inspection results will
usually befa diréctiindication of the effectiveness of the

applied whter treatment. Close monitoring of water
quahty cantbeused-to Proﬂinf nhnngnc inheat nvnhnngnr

dation rate. This will help to ensure operabilitybptween
scheduled tests.

The following test parameters may‘bBe-trended to
detect heat exchanger performance.degradation over
time.

C-10.1.1 Fouling Resistance.) The fouling resistance,
as calculated by the heat trafisfer coefficient test method,
may be trended as an éxcellent indicator
exchanger degradationdue to surface fouling. S¢hedul-
ing of cleaning to fmaintain acceptable performpnce is
facilitated by trending this calculated parameter.

C-10.1.2 Overall Heat Transfer Coefficient. The over-
all heat transfer coefficient, as calculated by the heat
transfer.¢oéefficient test method, may be trended as an
excellent indicator of heat exchanger degradatipn due
tossurface fouling. The overall heat transfer coefficient is
not as sensitive a trending indicator as fouling resistance,
because it includes the effects of numerous thermal
resistances that do not change 