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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 OM Committee develops, revises, and maintains codes, standards, and
guides applicable to the safe and reliable operation and maintenance of nuclear power plants. The Committee operates

under procfaures accredited By the American National standards Institute as meeflng the criteria of consensuy proce-

dures for American National Standards.
ication, the 2020 edition of Operation and Maintenance of Nuclear Power Plants, was approved by thg ASME
iclear Codes and Standards. ASME OM-2020 was approved by the American National Standards Inst
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CORRESPONDENCE WITH THE OM COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, OM Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposinj Revisions. Revisions are made periodically to the Standard to incorporate changes that appear ne

or desirable
published g

The Com
citing the g
including a

, as demonstrated by the experience gained from the application of the Standasd-Approved revisiong
eriodically.

mittee welcomes proposals for revisions to this Standard. Such proposals-should be as specific as p
aragraph number(s), the proposed wording, and a detailed description of the reasons for the pr
hy pertinent documentation.

Proposinfg a Case. Cases may be issued to provide alternative rules whénjustified, to permit early implement

an approve
immediatel
Requests

1 revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are €|
¥ upon ASME approval and shall be posted on the ASME Committee web page.
for Cases shall provide a Statement of Need and Baekground Information. The request should iden

Standard and the paragraph, figure, or table number(s), and be“written as a Question and Reply in the same fo

existing Cas
Case applie

Interpret
Standard. I
Committee,|

Requests
form is accq
automatic 4

If the Ing
Committee
ommended

Subject:
Edition:

Question:

es. Requests for Cases should also indicate the-applicable edition(s) of the Standard to which the prj
S.

tions. Upon request, the OM Standards.€ommittee will render an interpretation of any requiremer
terpretations can only be rendered in reSponse to a written request sent to the Secretary of the OM St3

for interpretation should prefenably be submitted through the online Interpretation Submittal Foy
ssible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will reg
-mail confirming receipt.

uirer is unable to use'the online form, he/she may mail the request to the Secretary of the OM St3g

that the Inquiper~submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two
Cite the applicable edition of the Standard for which the interpretation is being req

Phrase the question as a request for an interpretation of a specific requirement suit

Cessary
will be

bssible,
oposal,

htion of
ffective

tify the
fmat as
oposed

t of the
ndards

m. The
eive an

ndards

at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-

words.
uested.
hble for

general understanding and use, not as a request for an approval of a proprietary de

sign or

Proposed Reply(ies):

Background Information:

situation. Please provide a condensed and precise question, composed in such a way thata

“yes” or “no” reply is acceptable.

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Provide the Committee with any background information that will assist the Committee in

understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information 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.

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

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

AtteJlding Committee Meetings. The OM Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference shotild contact the
Secretqry of the OM Standards Committee.
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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
s docu-

(OM-S/G) pubheationsbe-combinedinto-one-document—This-was-done-to-ensure-al-of otr-standards-and guide
ments wer¢ readily available to users of the OM Code products. Some of the standards and guides were'or
developed gs part of the current operating nuclear power plants preoperational testing program conductéd
the 1970s hnd 1980s. These standards and guides will be useful for power uprate projects and, for,new

ginally
during
reactor

design plant construction. Combining the OM Code and OM-S/G into one document makes the publication schedules

for the Conmpmittee more efficient and easier to track.
ORGANIZATION

The consplidated code, standards, and guides for nuclear power plants, titled Operatiorniand Maintenance of |
Power Planfs, are arranged into three distinct divisions. The titles of some of the sectigns were shortened to simf
presentation purely for the user’s ease of review and use. Reference to the individdal published code, standard, d
should be njade for the specific title and the application requirements. Subsequent changes made to the Division c
will be detjiled in future publications in separately listed summary of changes sections.

Division 1: DM Code: Section IST

Subsection [ISTA General Requirements

Subsection |ISTB Inservice Testing of Pumps — Pre-2000-Plants’

Subsection |ISTC Inservice Testing of Valves

Subsection |ISTD Preservice and Inservice Requirements for Dynamic Restraints (Snubbers)
Subsection [ISTE Risk-Informed Inservice Testing of Components

Subsection [ISTF Inservice Testing of Pumps — Post-2000 Plants?

Mandatory [Appendices

[ Cheg¢k Valve Condition Mgnitoring Program
11 Inservice Testing of Pressure Relief Devices
II Predervice and Insebvice Testing of Active Electric Motor-Operated Valve Assemblies

v Pnepimatically and Hydraulically Operated Valves

\Y Punjp Periodic Verification Test Program

Nuclear
lify the
r guide
bntents

Nonmandallory Appendices

Preparation of Test Plans

Dynamic Restraint Examination Checklist Items

Dynamic Restraint Design and Operating Information

Comparison of Sampling Plans for Inservice Testing of Dynamic Restraints
Flowcharts for 10% and 37 Snubber Testing Plans

Dynamic Restraints (Snubbers) Service Life Monitoring Methods

™ m g 0O W o>

! 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: anuclear power plant that was issued (or will be issued) its construction permit, or combined license for construction and o
by the applicable regulatory authority on or following January 1, 2000.

XX

peration,
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SEERT IO

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
Acceptance Guidelines

Design Guidance for Nuclear Power Plant Systems and Component Testing

Division 2: OM Standards

Part 3
Part 5
Part 7
Part 14
Part 14
Part 21
Part 24
Part 24
Part 2§
Part 24

Divisio

Part 11
Part 14
Part 19

Part 23

h 3: OM Guides

Vibration Testing of Piping Systems

Inservice Monitoring of Core Support Barrel Axial Preload in Pressurized Water Reactor P
Thermal Expansion Testing of Nuclear Power Plant Piping Systems

Loose Part Monitoring

Performance Testing and Monitoring of Standby Diesel Generator Systems

Inservice Performance Testing of Heat Exchangers

Reactor Coolant and Recirculation Pump Condition Monitoring

Determination of Reactor Coolant Temperature From Diver§e Measurements

Standard for Performance Testing of Systems

Alternative Treatment Requirements for RISC-3 Pumps, and Valves

Vibration Testing and Assessment of Heat’Exchangers
Vibration Monitoring of Rotating Equipment in Nuclear Power Plants

Preservice and Periodic Performance Testing of Pneumatically and Hydraulically Operats
Assemblies

Inservice Monitoring of Reactor Internals Vibration in Pressurized Water Reactor Power

pbwer Plants

bd Valve

Plants

Xxi
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ASME OM-2020
SUMMARY OF CHANGES

Following approval by the ASME OM Committee and ASME, and after public review, ASME OM-2020 was approved by the

American Nattomat-StandardsinstituteomrMay-+152626-
ASME OM-2020 includes the following changes identified by a margin note, (20).
Page Location Change
1 ISTA-1400 (1) Revised
(2) Table ISTA-1400-1 deleted
4 ISTA-3200 (1) Former subpara. (a) deleted, and remaining subparaggaphs
redesignated
(2) Subparagraph (e) added
5 ISTA-5000 Revised
5 ISTA-6000 Revised
6 ISTB-1400 Subparagraph (d) revised
6 ISTB-2000 Definitions of bgseéline test and pump periodic verification fest
added
6 ISTB-3100 (1) First patagraph and subpara. (c) revised
(2) Subparagraph (d) deleted
7 Table ISTB-3000-1 Second column head and Note (1) revised
7 ISTB-3310 Revised in its entirety
8 Table ISTB-3400-1 Note (1) revised
8 ISTB-3400 Revised
9 Table ISTB-3510-1 (1) Third column head revised
(2) Fourth column added
9 ISTB-5000 Revised
10 ISTB-5110 Title and subpara. (a) revised
10 ISTB-5122 First paragraph and subparas. (c) and (d) revised
11 ISTB-5124 Added
12 ISTB:5210 Title and subpara. (a) revised
12 ISTB-5222 First paragraph and subparas. (c) and (d) revised
13 ISTB-5224 Added
13 ISTB-5310 Title revised
14 ISTB-5322 First paragraph and subparas. (c) and (d) revised
16 ISTB-5324 Added
16 ISTB-6000 First paragraph added
16 ISTB-6200 Subparagraph (b) revised
16 ISTB-9100 Subparagraph (e) added
18 ISTC-1200 Subparagraph (d) revised

19 ISTC-3000 ISTC-3800 deleted
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Page Location Change

20 Table ISTC-3500-1 (1) Third entry in first column and fifth entry in last column
revised
(2) Note (4) added, and subsequent Notes redesignated
22 ISTC-4000 Revised
23 ISTC-5112 Revised
28 Subsection ISTD Title revised
28 ISTD-1110 Revised
28 ISTP=-14066 tDFirst paragraphamdsubpara—tby Tevised
(2) Subparagraph (d) added
28 ISTD-1600 Revised
29 ISTD-1800 Revised
29 ISTD-2000 (1) Definition of service life revised
(2) Definition of service life monitoring-added
30 ISTD-3240 Revised
30 ISTD-4110 Revised
33 ISTD-5240 Revised
35 ISTD-5331 Revised
37 ISTD-6000 (1) Title revised
(2) ISTD-6100 and ISTD-6200 revised in their entirety
38 ISTD-9500 Added
42 ISTE-4160 Revised
44 ISTE-5121 Subpafagraphs (b) and (c) revised
44 ISTE-5122 Subparagraph (b) revised
45 ISTE-5220 Révised
46 ISTE-6110 Revised
47 ISTF-2000 Definition of baseline test added
47 ISTF-3100 (1) First paragraph revised
(2) Subparagraph (d) deleted
48 Table ISTF-3000-1 Second column head revised
48 ISTF-3310 Revised in its entirety
49 Table ISTF:3510-1 Second column head revised
50 ISTF-5000 Revised
50 ISTE=5110 Title revised
51 ISTF-5210 Title revised
52 ISTF-5310 Title revised
52 ISTF-6000 First paragraph added
55 1-1200 First paragraph revised
56 [-1320 Subparagraphs (a) and (c)(3) revised
56 [-1350 Subparagraph (a)(3) revised
58 [-3220 Revised
65 11-4000 Subparagraph (b)(5) revised
68 [11-3500 Subparagraph (a) revised
78 Division 1, Mandatory Appendix V Deleted
82 Division 1, Nonmandatory Footnote (1) and B-1000 revised

Appendix B
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90
92

107
163
170
173
176
176
176
194
194
215
282
294
294
309
311
315
318
323
324
327
340
341
380
400
400

SPECIAL NOTE: Cases to ASME OM are no longer included in the edition. The Applicability Index for ASME OM Cases
appears on the following page. The index and Cases are updated periodically and are available under the “0&M CASES” tab

Location

Division 1, Nonmandatory
Appendix C

Division 1, Nonmandatory
Appendix D

Division 1, Nonmandatory
Appendix E

Division 1, Nonmandatory
Appendix F

Change
Footnote 1, C-1000, and first sentence of C-2000 revised

Footnote 1 and D-1000 revised
Footnote 1 revised

Footnote 1 revised

Division 1, Nonmandatory
Appendix G

Division 1, Nonmandatory
Appendix H

Part 3, 1

Part 7

Part 7, Nonmandatory Appendix A
Part 7, Nonmandatory Appendix B
Part 12

Part 12, 1.1

Part 12, 2

Part 16

Part 16, 1.1

Part 21

Part 24, 11.5.1

Part 28

Part 28, 1.1

Part 28, Mandatory Appendix III
Part 28, Mandatory Appendix 1V
Part 28, Mandatory Appendix\V
Part 28, Mandatory Appendix VI
Part 28, Nonmandatory Appendix A
Table A-1

Part 28, B-3

Part 29

Part 11

Part\14, 1.1

Part 19

Part 19, 1.1

Footnote 1 revised
Footnote 1 revised

Revised

Formerly Division 3, Part 7; revised and teldcated to Divis
Formerly in Division 3; revised and telocated to Division
Formerly in Division 3; revised and'‘relocated to Division
Title revised

Revised

Definition of LWR deleted

Title revised

Revised

Title revised

Revised

Title reyised

Revised

Title revised

Title revised

Title revised

Title revised

First paragraph revised

Title revised

Revised

Deleted

Revised in its entirety

Revised

Title revised

First paragraph revised

on 2
D
D

in the left-hand column at http://go.asme.org/OMcommittee.
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APPLICABILITY INDEX FOR ASME OM CASES

Casesrepresentalternatives or additions to the OM Code. A Case can be a method of handling a reply to an inquiry when

Valves

XXV

study ipdicated-that-thetodewor dius reedsclar iﬁLatiuu, or-whemnthe 1t:p11y modifres-the !:,'Aibtius 1cqu11 ements of the
Code of grants permission to use alternative methods.
Casep remain in effect for the applicable editions and addenda until they are annulled.
This|Applicability Index includes OM Cases approved as of December 1, 2019. The index and Cases dre updated
periodically and are available under the “O&M CASES” tab in the left-hand column at http://go.aSme€.org/OMcommittee.
Applicability
Up to and
OMIN Case No. Title From Including
OMN-1, Rev 2 Alternative Rules for Preservice and Inservice Testing of Ceftain 1995 2006
Electric Motor-Operated Valve Assemblies in Light-Water
Reactor Power Plants
OMI-Z Thermal Relief Valve Annulled 2014
OMN-3 Requirements for Safety Significance Categorization of 1990 2017
Components Using Risk Insights for Inseryice Testing of LWR
Power Plants
OMN-4 Requirements for Risk Insights for InService Testing of Check 1996 2020
Valves at LWR Power Plants
OMN-5 Testing of Liquid Service Relief Without Insulation Annulled in 2D14
OMN-6 Alternate Rules for Digital Jastruments 1990 005a
OMN-7 Alternative Requirements.for Pump Testing 1995 2012
OMN-8 Alternative Rules forPreservice and Inservice Testing of Power- 1988 2004
Operated Valves.That Are Used for System Control and Have a
Safety Function per OM-10, ISTC-1.1, or ISTA-1100
OMI-9 Use of a Pump”Curve for Testing 1990 1992
OMN-10 Requiréments for Safety Significance Categorization of Snubbers 1995 2020
Using Risk Insights and Testing Strategies for Inservice Testing
of\SLWR Power Plants
OMI-ll Risk-Informed Testing for Motor-Operated Valves 1995 2006
OMN-12 Alternate Requirements for Inservice Testing Using Risk Insights 1998 2020
for Pneumatically and Hydraulically Operated Valve
Assemblies in Light-Water Reactor Power Plants
OMN-13; Rev 3 Performance-Based Requirements for Extending Snubber 1995 2020
Inservice Visual Examination Interval at LWR Power Plants
OMN-14 Alternative Rules for Valve Testing Operations and Maintenance, Annulled 2014
Appendix I: BWR CRD Rupture Disk Exclusion
OMN-15, Rev 2 Performance-Based Requirements for Extending the Snubber 1998 2020
Operational Readiness Testing Interval at LWR Power Plants
OMN-16, Rev 2 Use of a Pump Curve for Testing 1998 2020
OMN-17, Rev 1  Alternative Rules for Testing ASME Class 1 Pressure Relief/Safety 1995 2020
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Applicability

Up to and
OMN Case No. Title From Including
OMN-18 Alternate Testing Requirements for Pumps Tested Quarterly 1994 2011a
Within +20% of Design Flow
OMN-19 Alternate Upper Limit for the Comprehensive Pump Test 1994 2009
OMN-20, Rev 1  Inservice Test Frequencies All earlier 2015
editions and
addendas
OMN-21 Alternate Requirements for Adjusting Hydraulic Parameters to 1995 2011a
Specified Reference Points
OMN-22 Smooth Running Pumps 1990 202D
OMN-23 Alternative Rules for Testing Pressure Isolation Valves 2001 202D
OMN-24 Alternative Requirements for Testing ASME Class II & III Relief 2001 202D
Valves
OMN-25 Alternative Requirements for Testing Appendix I Pressure Relief 2001 202D
Valves
OMN-26 Alternative Risk-Informed and Margin Based Rules for Insepvice 2012 202p

Testing of Motor Operated Valves

XXVi
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CROSS-REFERENCING AND STYLISTIC CHANGES IN ASME OM

There have been structural and stylistic changes to ASME OM that should be noted to aid navigating the contents. The

followi

Subparagraph Breakdowns/Nested Lists Hierarchy

o Fir

¢ Sefond-level breakdowns are designated as (1), (2), (3), etc., as in the past.
¢ Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
¢ Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.

Preparation of Technical Inquiries to the Committee on Operation and Maintenance of Nuclear Power

The

Correspondence With the OM Committee page in the front matter.

Cross-References

The fross-references within ASME OM-2020, Division:I/have been linked. The cross-references within
and 3 will be linked in subsequent editions. To facilitate the link functionality, the cross-reference style has c

: . £l 1
15 IS5 dIl UVCTVICVW Ul UIT Llldllst.

st-level breakdowns are designated as (a), (b), (c), etc., as in the past.

information on preparation of technical inquiries to th€ OM Committee has been mo

ved to the

Divisions 2
hanged. The

cross-rgferences within a paragraph do not include the'designator/identifier of that paragraph. The cross-references to a

subparpgraph breakdown follow the hierarchy of'the designators under which the breakdown appears. Th

examp
o If
o If
o If
o If

es illustrate the revised format:

SXX-1000(a) is referenced in ISXX-1000(b), it is referenced as (a).
SXX-1000(a)(1) is referenced in 1SXX-1000(a)(2), it is referenced as (1).
SXX-1000(a)(1) is referenced ih ISXX-1000(b), it is referenced as (a)(1).
SXX-1000(a)(1) is referendedyin ISXX-2000, it is referenced as ISXX-1000(a)(1).

e following
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ASME OM-2020

DIVISION 1
OM CODE: SECTION IST

ISTA-1000 INTRODUCTION
ISTA-1100 Scope

Section IST establishes the requirements for preservice
and indervice testing and examination of certain compo-
nents fo assess their operational readiness in water-
cooled|reactor nuclear power plants. It identifies the
compohents subject to test or examination, responsibil-
ities, methods, intervals, parameters to be measured
and evaluated, criteria for evaluating the results, correc-
tive acfion, personnel qualification, and record keeping;
These requirements apply to

(a) pumps and valves that are required to perfornr a
specifi¢ function in shutting down a reactor to the safe
shutdown condition, in maintaining the safe shutdown
conditipn, or in mitigating the consequencesofan accident

(b) pressure relief devices that pretect systems or
portiofis of systems that perform_¢ne or more of the
three flinctions identified in (a)

(c) dynamic restraints (snubbers) used in systems that
perforth one or more of the-three functions identified in
(a), or fo ensure the integhity’of the reactor coolant pres-
sure bgundary

ISTA-3200 Jurisdiction

The jurisdiction of Section IST covers individual compo-
nents that haye met all the requirements of the construc-
tion cofle\commencing at the time when the construction

Subsection ISTA
General Requirements

ISTA-1300 Application
ISTA-1310 Components Subject to Testing

DIVISION 1, Subsection ISTA

and Exam-

ination. Components identified in Section IST for testing

or examinatien shall be included in th{
(ISTA-311Q)» These components include nu

test plan
lear power

plant itenis stich as pumps, valves, and dynamjc restraints

(snubbers).

ISTA-1320 Classifications. Optional constjuction of a

component in a system boundary to a classific
than the minimum class established in the

hition higher
component

Design Specification (either upgrading from Class 2 to

Class 1 or Class 3 to Class 2) shall not
overall system classification by which the ap
quirements of Section IST are determined.

ISTA-1400 Referenced Standards and
Specifications

When standards and specifications are re
Section IST, the Owner shall validate that the s|
sions of the standards and specifications ardg
for application to Section IST.

ISTA-1500 Owner’s Responsibilities

The responsibilities of the Owner of the nu
plant shall include the following:
(a) determination of the appropriate Cod

affect the
plicable re-

ferenced in
pecific revi-
acceptable

Clear power

le Class for

each component of the plant, identifica

ion of the

code requirements have been met, irrespective of the
physical location. When portions of systems or plants
are completed at different times, the jurisdiction of
this Section shall cover only those components on
which all construction related to the components has
been completed.

system boundaries for each class of components
subject to test or examination, and the components
exempt from testing or examination requirements.

(b) design and arrangement of system components to
include allowance for adequate access and clearances for
conduct of the tests and examinations. Refer to
Division 1, Nonmandatory Appendix M for guidance.

(c) preparation of plans and schedules.

(d) preparation of written test and examination

instructions and procedures.

(20)
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DIVISION 1, Subsection ISTA

(e) qualification of personnel who perform and eval-
uate examinations and tests in accordance with the
Owner’s quality assurance program.

(f) performance of required tests and examinations.

(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
records such as test and examination data and description

ASME OM-2020

monitoring: continuous or periodic observation or
measurement to ascertain the performance or obtain
characteristics of a system, structure, or component.

nonintrusive testing: testing performed on a component
without disassembly or disturbing the boundary of the
component.

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

operational readiness: the ability of a component to
perform its specified functions.

of procedufes used.
(j) retention of all test and examination records for the
service lifefime of the component or system.
(k) documentation of a quality assurance program in
accordance|with either of the following:
(1) Title 10, Code of Federal Regulations, Part 50
(2) ASME NQA-1, Parts II and III

ISTA-160Q Accessibility

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

ISTA-200Q DEFINITIONS

cold shutdown outage: applies to each nonrefueling outage
period in which the cold shutdown mode, as defined by
plant technfical specifications, is entered.

equipment|dynamic restraint (snubber): device that
provides rpstraint to a component or system during
the sudden| application of forces, but allows essentially
free motior} during thermal movement.

examinatioq: observing, visual monitoring, or measuring
to determine conformance to Owner-specified require-
ments.

exercising:l demonstration based on direct visual or
indirect popitive indications that'the'moving parts of a
component|function.

inservice teqt: test to assess/the operational readiness of a
system, stijucture, or component after first electrical
generation [by nuclear-heat.

instrument Joop: twie,eT more instruments or components
working together,to provide a single output.

instrument loop accuracy: accuracy of an instrument loop

overpressure protection: the means by which components
are protected from overpressure by the use-of pressure-
relieving devices or other design provisionsasreqyired by
the ASME BPVC, Section IlI, or other applicable construc-
tion codes.

Owner: an organization owning<r operating a [facility
where items are installed or-used.

performance testing: a test to'determine whether afsystem
or component meets spegcified acceptance criterip.

plant operation: the{conditions of startup, operdtion at
power, hot staridby, and reactor cooldown, as dlefined
by plant techhical specifications.

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

pre-2000 plant: a nuclear power plant that was is§ued its
construction permit, or combined license for constyuction
and operation, by the applicable regulatory aufthority
prior to January 1, 2000.

preservice test: test performed after completion of
construction activities related to the compongnt and
before first electrical generation by nuclear heat, or in
an operating plant, before the component is ipitially
placed in service.

preservice test period: the period of time following domple-
tion of construction activities related to the component
and before first electrical generation by nucledr heat,
in which component and system testing takes place, or
inan operating plant prior to the component being initially
placed in service.

pump: a mechanical device used to move fluid.

based on the square root of the sum of the squares of the
inaccuracies of each instrument or component in the loop
when considered separately. Alternatively, the allowable
inaccuracy of the instrument loop may be based on the
output for a known input into the instrument loop.

maintenance: replacement of parts, adjustments, and
similar actions that do not change the design (configura-
tion and material) of an item.

modification: alteration in the design of a system, struc-
ture, or component.

qualitative testing: testng performed to establish param-
eters without determining the specific measure of the pa-
rameter.

quantitative testing: testing performed to establish the
specific measure or limit of a parameter, such as that
required to establish that a parameter is within a specified
range.
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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.

refueling outage: applies to the normally scheduled once-
per-cycle outage period in which the refueling mode, as

DIVISION 1, Subsection ISTA

(a) the edition and addenda of this Section that apply to

the required tests and examinations

(b) the classification of the components and the bound-

aries of system classification

(c) identification of the components subjectto tests and

examination

(d) the Code requirements for each component and the

test or examination to be performed

(e) the Code requirements for each component that are
not being satisfied by the tests or examinations; and justi-

define

1 1 el . 1 E¥ad 4. . 4 d
Dy pldlit tCulliital SPTULIHITALIUILS, IS5 TILTTTU.

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

routing servicing: performance of planned, preventive
maintepance.

skid-m@unted pumps and valves: pumps and valves integral
to or that support operation of major components, even
thouglf 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
compohent. Examples include

(a) diesel fuel oil pumps and valves

(b) 4team admission and trip throttle valves for high-
pressufe coolant injection turbine-driven pumps

(c) $team admission and trip throttle valves for
auxiliary feedwater turbine-driven pumps

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

system |resistance: hydraulic resistance to flow.

trending: a comparison of current data to previgus data
obtain¢d under similar conditions for the same equip-
ment.

valves, fictive: valves that are required to'change obturator
positioh to accomplish a specific funetien in shutting down
a reactpr to the safe shutdown cendition, maintaining the
safe shjitdown condition, or mitigating the consequences
of an alccident.

valves, |passive: valves that maintain obturator position
and arf not required to change obturator position to
accomplish the required function(s) in shutting down a
reactof to thefsafe shutdown condition, maintaining
the sa¥ shutdown condition, or mitigating the conse-

quences of an accident.

fication for substitute tests or examinations
(f) Code Cases proposed for use and the ex
application
(g) test or examination frequency'or a s
performance of tests and examinations, as a

tent of their

rhedule for
pplicable

ISTA-3120 Inservice Examination and Tejt Interval
I

(a) The examination‘and test interval sh
mined by calendar, yé€ars following placen
unit into commerdcialservice.

(b) The examination and test intervals s
with the folowing, except as modified by (c

(1) MInitial Examination and Test Inte
followingrinitial start of unit commercial ser

{2) Successive Examination and Test Intg
fellowing the previous test interval

(c) Each of the inservice examination and tg
may be extended or decreased by as much as
ments shall not cause successive intervals to b
more than 1 yr from the original pattern of

(d) In addition to (c), for units that are oy

1 be deter-
hent of the

hall comply
and (d):

rval: 10 yr

vice

rvals: 10 yr

bst intervals
| yr. Adjust-
e altered by
intervals.

t of service

continuously for 6 months or more, the examjination and

test interval during which the outage occur
extended for a period equivalent to the out
original pattern of intervals extended accd
successive intervals.

(e) The inservice examination and test iJ
component replacements, additions, and
that may be required during the service life
unit shall coincide with the remaining interva
mined by the calendar years of unit service af
replacement, addition, or alteration.

ISTA-3130 Application of Code Cases

(a) Code Cases to be used during a preserv

red may be
hge and the
rdingly for

itervals for
alterations
time of the
Is, as deter-
the time of

ce or inser-

ISTA-3000 GENERAL REQUIREMENTS

ISTA-3100 Test and Examination Program

ISTA-3110 Test and Examination Plans. Test plans
shall be prepared for the preservice test period, initial
inservice, and subsequent inservice test intervals.
Each inservice test plan shall include the following:

! Guidance for the preparation of test plans is in Division 1,
Nonmandatory Appendix A.

vice test or examination shall be identified in t!
(b) Code Cases shall be applicable to the
addenda specified in the test plan.

e test plan.
edition and

(c) Code Cases shall be in effect at the time the test plan

is filed, except as provided in (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. Super-
seded Code Cases approved for use in accordance with

ISTA-3130 may continue to be used.
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DIVISION 1, Subsection ISTA

Table ISTA-3170-1 Test Frequency and Time
Between Tests

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

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

X years

ASME OM-2020

Period extensions may not be applied to the test
frequency requirements specified in Subsection ISTD,
as Subsection ISTD contains its own rules for period exten-
sions.

(b) Components whose test frequencies are based on
the occurrence of plant conditions or events may not have
their period between tests extended except as allowed by
Section IST.

ISTA-3200 Administrative Requirements

ISTA-31'.JO Application of Annulled Code Cases. Code
Cases appr¢ved for use in accordance with ISTA-3130 or
ISTA-3140 may be used after annulment for the duration
of that test|plan.

ISTA-3140 Test and Examination Procedures. Tests
and examipations shall be performed in accordance
with writtgn procedures. The procedures shall contain
the Ownertspecified reference values and acceptance
criteria.

ISTA-3170 Inservice Examination and Test Frequency
Grace. Sectjon IST specifies component test frequencies
based eithef on elapsed time periods (e.g., quarterly, 2 yr,
etc.) or the pccurrence of plant conditions or events (e.g.,
cold shutdpwn, refueling outage, upon detection of a
sample failyire, following maintenance, etc.).

(a) Comxonents whose test frequencies are based on
elapsed tinje periods shall be tested at the frequencies
specified in Section IST with a specified time period
between tests as shown in Table ISTA-3170-1. The spéci-
fied time period between tests may be reduced-or
extended a$ follows:

(1) For periods specified as fewer than 2 yr, the
period may|be extended by up to 25% for-any given test.
(2) Fof periods specified as greater'than or equal to 2

yr, the perigd may be extended by up to-6 months for any
given test.
(3) Al] periods specifiedumay be reduced at the

discretion|of the Owner {(ie., there is no minimum
period reqyirement).

Period ektension is'to-facilitate test scheduling and
considers plant operating conditions that may not be
suitable for performance of the required testing (e.g.,
performange.of_the test would cause an unacceptable
increase in i i i i-
tions or other ongoing surveillance, test, or maintenance
activities). Period extensions are not intended to be used
repeatedly merely as an operational convenience to
extend test intervals beyond those specified.

Period extensions may also be applied to accelerated
test frequencies (e.g., pumps in alert range) and other
fewer than 2-yr test frequencies not specified in
Table ISTA-3170-1.

(a) The selection of components included_in ihe test
plan is subject to review by the regulatory. authorities
having jurisdiction at the plant site.

(b) Application of the requirements«efithis Sectipn shall
be governed by group classification criteria of the regu-
latory authority having jurisdictien at the plant site.

(c) Theuse ofany Code Caséis subject to acceptpance by
the regulatory authorities having jurisdiction at the plant
site.

(d) Revisions to apreviously approved Code Cdse may
be substituted forthat Code Case with the acceptance of
the regulatory authdrities having jurisdiction at the plant
site.

(e) ThexCode edition and addenda for the preservice
test period, initial inservice test interval, and sudcessive
inservice test intervals shall be as required by thle regu-
latety authority having jurisdiction at the plant site.

ISTA-3300 Corrective Actions

Corrective actions requiring repair/replacemerjt activ-
ities shall be performed in accordance with ASME Section
XI, as applicable. Other corrective actions shall be
performed in accordance with the Owner’s quality assur-
ance program.

ISTA-4000 INSTRUMENTATION AND TEST
EQUIPMENT

ISTA-4100 Range and Accuracy

Instrumentation and test equipment uped in
performing the examination and testing program shall
have the range and accuracy necessary to demopnstrate
conformance to specific examination or test requir¢ments.

All instruments and test equipment used in performing
the examination and testing program shall be calibrated
and controlled in accordance with the Owner’s adminis-
trative procedures or a quality assurance program
approved by the Owner.

(20)
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ISTA-5000 SPECIFIC TEST REQUIREMENTS

The specific test requirements for preservice and inser-
vice tests and examinations for pumps, valves, and
dynamic restraints (snubbers) are described in the appli-
cable subsections of this Code.

ISTA-6000 MONITORING, ANALYSIS, AND
EVALUATION

Monijtoring, analysis, and evaluation requirements for

DIVISION 1, Su

ISTA-9230 Inservice Test and Examinati

bsection ISTA

on Results.

The results of tests and examinations shall be documented
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

preserfice and inservice tests and examinations for
pumpsj valves, and dynamic restraints (snubbers) are
descrilled in the applicable subsections of this Code.

ISTA-1000 TO BE PROVIDED AT A LATER DATE
ISTA-§000 TO BE PROVIDED AT A LATER DATE

ISTA-IOOO RECORDS AND REPORTS

ISTA-9100 Scope

The requirements for retention of records apply to
those fecords generated in the course of performing
preseryice and inservice tests and examinations required
by Section IST.

ISTA-iZOO Requirements
IST

(a) The Owner shall prepare plans for preseryvice and
inservice tests and examinations to meet thetequire-
ments pf Section IST.

(b) The Owner shall prepare and retain records of the
preseryice and inservice tests and examinations.

9210 Owner’s Responsibility

ISTA-9220 Preparation

(a) Test and examination.records shall be prepared in
accordance with the requirements of the Subsection ap-
plicabl¢ to the test and)eXamination requirements.

(b) Plans shall have a cover sheet providing the

(f) calibration records, or traceability to
records

(g) values of measured parameters

(h) comparison with allowable ranges of
amination values, and analysisof, deviations

(i) requirement for correetive action

calibration

est and ex-

(j) documentation of the person(s) responsible for
conducting and analyzing‘the test or examjnation per

the Owner’s QA program
ISTA-9240 Record of Corrective Actions.

The Owner

shall maintaim\records of corrective action that shall

include a siummary of the corrective action
subsequent inservice test or examination, c
of operational adequacy, and the printed

t made, the
bnfirmation

(or typed)

namerand signature of the person(s) resppnsible for
the corrective action and verification of resylts.

ISTA-9300 Retention

ISTA-9310 Maintenance of Records. The
retain records identified in ISTA-9330 as a mi
records shall be filed and maintained. The

Dwner shall
himum. The
wner shall

provide suitable protection from deteric;l;ation and

damage for all records, in accordance with
quality assurance program for the service

e Owner’s
lifetime of

the component or system. Storage shall be either at

the plant site or at another location that w
access and quality assurance program requi

ISTA-9320 Reproduction. Records shall b
original or a legible copy.

Il meet the
rfements.

b either the

followihg information: ISTA-9330 Test and Examination Records{ The Owner
(1) date ofddocument completion shall be responsible for designating the regords to be
(2‘ name-and address of Owner maintained. Such records shall include the fpllowing as
(3] nante and address of plant a minimum: .
(4) IIdaIlIc dlld 11u1ubc1 dcaiguatiuu Uf t}lc uuit ‘[a) an lndpx tn rp(‘nrd ﬁ]P
(5) commercial service date for the unit (b) test plans (see ISTA-3110)

(c) test and examination results
(d) records of corrective actions
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DIVISION 1, Subsection ISTB

ASME OM-2020

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

ISTB-1000 INTRODUCTION

ISTB-1100

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

Applicability

ISTB-1200 Exclusions

The following are excluded from this Subsection:

(a) drivdrs, except where the pump and driver form an
integral unft and the pump bearings are in the driver

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

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

ISTB-1300

All pump$ within the scope of ISTA-1100 and ISTB~1100
shall be cat¢gorized as either a Group A or Group B-pump.

Pump Categories

ISTB-1400

In addition to the requirements of JSTA-1500, the
Owner’s regponsibility includes

(a) provlding in both the pumps’/and plant design all
necessary Yalving, instrumentation, test loops, required
fluid invenfory, or otherrovisions that are required
to fully conjply with the(requirements of this Subsection.

(b) identifying each;pump to be tested in accordance
with the rules of this Subsection, categorizing the pump as
either a Group AorGroup B pump, and listing the pumps in
the plant rgcords (see ISTB-9000). A pump that meets
both Group
gorized as a Group A pump.

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

(d) identifying those pumps with specific design basis
accident flow rates in the Owner’s credited safety analysis
for inclusion in a pump periodic verification test program.

Owner’s Responsibility

1 Pre-2000 plant: anuclear power plant that was issued its construction
permit by the applicable regulatory authority prior to January 1, 2000.

ISTB-2000 SUPPLEMENTAL DEFINITIONS

The following are provided to ensure awniform{under-
standing of selected terms used in this' Subsectign.

baseline test: a test performed when a pump is new, or
overhauled, to obtain thorough information for] use in
the evaluation of degradation/in pump performapnce.

comprehensive pump test\flow rate: the flow ratq estab-
lished by the Owner¢hatis effective for detecting mechan-
ical and hydraulic'degradation during subsequent festing.
The best efficien€y point, system flow rates, and anly other
plant-specific\flow rates shall be considered.

Group A pumps: pumps that are operated continudusly or
routinely during normal operation, cold shutdqwn, or
refueling operations.

Group B pumps: pumps in standby systems that pre not
operated routinely except for testing.

pump periodic verification test: a test that verifies i pump
can meet the required (differential or discharge, afp appli-
cable) pressure at its highest design basis accident flow-
2
rate.

vertical line shaft pump: a vertically suspended pump
where the pump driver and pump element are conynected
by a line shaft within an enclosed column.

ISTB-3000 GENERAL TESTING REQUIREMENTS

The hydraulic and mechanical condition of a purp rela-
tive to a previous condition can be determihed by
attempting to duplicate by test a set of refprence
values. Deviations detected are symptoms of changes
and, depending upon the degree of deviation, ipdicate

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, a baseline test shall be
performed and an initial set of reference values

2 A pump may have several design basis accident operating points due
to different system configurations or single versus parallel pump
operation.

(20)
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Table ISTB-3000-1 Inservice Test Parameters

DIVISION 1, Subsection ISTB

Pump Periodic

Baseline  Group A Comprehensive Verification Test

Quantity Test Test Group B Test Test [Note (1)] Remarks
Speed, N X X X X X If variable speed
Differential pressure, X X X [Note (2)] X X Centrifugal pumps, including vertical

AP line shaft pumps

Discharge pressure, P X X X X Positive displacement pumps
Flow rate, Q X X X [Note (2)] X X
Vibration X X X Measure either V,; or V,

Displafement, V;

Velocity, V,

Peak-to-peak
Peak

NOTES:

(1) Only required for those pumps identified in ISTB-1400(d).

(2) For positive displacement pumps, flow rate shall be measured or determined; for all other pumps, differentialpressure or flo

measured or determined.

establighed, in accordance with ISTB-3300, for each pump
requirgd to be tested by this Subsection. Except as speci-
fiedin [STB-3310, only one baseline testis required during
the prefervice test period for each pump. The baseline test
shall bg performed under conditions as near as practicable
to thosp expected during subsequent inservice testing, in
accordyjince with the requirements of the following:

(a) gentrifugal pump tests (except vertical line shaft
centriffigal pumps) in accordance with ISTB-5110

(b) yertical line shaft centrifugal pump tests in accor-
dance With ISTB-5210

(c) positive displacement pump tests in accordance
with I§TB-5310

ISTB-3200 Inservice Testing

Insefvice testing of a pump in accordance with this
Subsection shall commence when thle pump is required
to be dperable (see ISTB-1100). Inservice testing shall
be performed in accordance with'the requirements of
the following paragraphs:

(a) gentrifugal pump tests (except vertical line shaft
centriffigal pumps) insaceordance with ISTB-5120

(b) yertical line shaft centrifugal pump tests in accor-
dance With ISTB<5220

(c) ositivedisplacement pump (except reciprocating)
tests in} aceordance with ISTB-5320

(d) 1feciprocating positive displacement pump tests in

(c) Reference valueSshall be established o
pump is known tobe operating acceptably.

(d) Referencévaluesshall be established at
operation (réfeérence point) readily duplic3
subsequent'tests.

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

(1) Reference values shall be establis
comprehensive pump test flow rate for the con
test.

(2) Reference values shall be establis

v rate shall be

ly when the

h point(s) of
ted during

aregion(s)

hed at the
prehensive

hed at the

comprehensive pump test flow rate for the Group A

and Group B tests, if practicable. If not prag
reference point flow rate shall be establis
highest practical flow rate.

(f) All subsequent test results shall be c
these initial reference values or to new
values established in accordance with I
ISTB-3320, or ISTB-6200(c).

(g) Related conditions that can significant
the measurement or determination of the refe
shall be analyzed in accordance with ISTB-6

ISTB-3310 Effect of Pump Replacement,
Maintenance on Reference Values

ticable, the
hed at the

mpared to
reference
STB-3310,

y influence
rence value
1.00.

Repair, and

ISTB-3311 Replacement and Major Maintenance.

Following replacement, major maintenance

or routine

servicing (e.g., impeller replacement), su

th that the

accordamcewithr ISTB=-53260
ISTB-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
ISTB-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 ISTB-3310, ISTB-3320, or
ISTB-6200(c).

existing baseline test data and reference values do not
represent the installed pump, the following shall be
performed before declaring the pump operable:

(a) A baseline test shall be performed in accordance
with ISTB-5110, ISTB-5210, or ISTB-5310, as applicable.

(b) Anew setofreference values shall be established in
accordance with ISTB-3300 from the results of the base-
line test.

(c) Verification that the new reference values repre-
sent acceptable pump operation shall be placed in the
record of tests (see ISTB-9000).

(20)
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DIVISION 1, Subsection ISTB

Table ISTB-3400-1 Inservice Test Frequency

Pump
Periodic
Verification
Pump Group A Group B Comprehensive Test
Group Test Test Test [Note (1)]
Group A Quarterly N/A Biennially Biennially
Group B N/A Quarterly Biennially Biennially

GENERAL NOTE: N/A = Not applicable.

ASME OM-2020

hensive test shall be run at the conditions of an existing set
of reference values and the results analyzed. If operation is
acceptable per 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 ISTB-5110 or
ISTB-5210, as applicable. Vibration acceptance criteria
shall be established by a Group A or comprehensive
test at the new reference point. If vibration data were

NOTE: (1) Onfyrequired-forthosepumpsidentifredimiSTB=1460{d-

(d) Detefmine whether the pump periodic verification
test is requlfired.

ISTB-3B12 Routine Maintenance and Repair. When a
reference vplue or set of reference values may have been
affected by fepair or routine maintenance, other than that
covered upnder ISTB-3311, the following shall be
performed pefore declaring the pump operable:

(a) Agrgup Aor comprehensive testshall be performed
and

(1) th¢ previous reference values reconfirmed, or

(2) anew reference value, or set of reference values,
shall be detprmined in accordance with ISTB-3300. If new
reference Yalues are determined, deviations from the
previous apd new reference values shall be evaluated,
and verificdtion that the new values represent acceptable
pump opergtion shall be placed in the record of tests (see

13 Baseline Test Deferral. When\the testing
required by| ISTB-3311 is impracticable due to plant oper-
ating condifions, the testing may be deferred, providing
the followipg requirements are met:

(a) A gtoup A or comprehensive test shall be
performed.

(b) A nep reference value, or set of reference values,
shall be detprmined in accordance with ISTB-3300, or the
previous vdlue reconfitmed, prior to declaring the pump
operable.

(c) The 1lequired test and other actions are performed
in accordalpce with ISTB-3311, the next time the plant

taken at all points used in determining thel pump
curve, an interpolation of the new vibratioh) reference
value is acceptable.

(b) For positive displacement pumps;theadditipnal set
of reference values shall be established per ISTB-5310.

A test shall be run to verify the new reference values
before their implementation. Whenever an additignal set
of reference values is established, the reasons for sp doing
shall be justified and documtented in the record pf tests
(see ISTB-9000). The requirements of ISTB-330( apply.

ISTB-3400 Frequency of Inservice Tests

An inservicetest shall be run on each pump as specified
in Table ISTB-3400-1. For those pumps identified in
ISTB-1400(d), a pump periodic verification te§t shall
be performed biennially in accordance with this $ubsec-
tiofi:The Owner is not required to perform a punjp peri-
odic verification test if the design basis accident flpw rate
in the Owner’s safety analysis is less than or equal to the
comprehensive pump test flow rate or Group A tgst flow
rate.

ISTB-3410 Pumpsin Regular Use. Group A pumps that
are operated more frequently than every 3 montls need
notbe run or stopped for a special test, provided the plant
records show the pump was operated at least once every 3
months at the reference conditions, and the quantities
specified were determined, recorded, and analyzed per
ISTB-6000.

ISTB-3420 Pumps in Systems Out of Service. For a
pump in a system declared inoperable or not r¢quired
to be operable, the test schedule need not be followed.
Within 3 months before the system is placed in ah oper-
able status, the pump shall be tested and the test s¢hedule
followed in accordance with the requirements|of this

enters a condition where the test can be performed,
and no later than the resumption of electrical generation
by nuclear energy at the conclusion of the next refueling
outage.

(d) The current baseline test pump curve shall not be
used for activities under ISTB-3320(a).

ISTB-3320 Establishment of Additional Set of Refer-
ence Values. If it is necessary or desirable, for some
reason other than stated in ISTB-3310, to establish an
additional set of reference values, a Group A or compre-

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
ISTB-3420. The required fluid inventory shall be provided
during this test. A Group B test is not required.
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Table ISTB-3510-1 Required Instrument Accuracy

Group A and Comprehensive Pump Periodic

DIVISION 1, Subsection ISTB

ISTB-3520 Pressure

(a) Gage Lines. If the presence or absence of liquid in a

_ GroupBTest, and Baseline  Verification gage line could produce a difference of more than 0.25% in
Quantity % Tests, % Test, % the indicated value of the measured pressure, means shall
Pressure *2 + Note (1) be provided to ensure or determine the presence or
Flow rate 2 2 Note (1) absence ofliquid as required for the static correction used.
Speed 2 2 Note (1) (b) Differential Pressure. When determining differen-
Vibration 5 +5 N/A tial pressure across a pump, a differential pressure gage or
Differential +2 Y, Note (1) a differential pressure transmitter that provides direct
pressyre measurementof the pressure difference orthe difference
NOTE: ([1) Instrument accuracy shall be selected by the Owner such between the pressure at a point in the inlet and the pres-
that the fequired parameters are verified when instrument accuracy sure at a point in the discharge pipe shall’b¢ used.
::rtea:;irrle .nto account for the pump periodic verification test flow and ISTB-3530 Rotational Speed. Rotatignal speed
measurements of variable speed\pumps shgll be taken
by a method that meets the requirements of{ISTB-3510.
ISTB-3500 Data Collection ISTB-3540 Vibration
ISTB-3510 General (a) On centrifugal pumps, except 'vertical line shaft
pumps, measureménts shall be taken in a plane approxi-
(a) Wccuracy. Instrument accuracy shall be within the  mately perpendicular to the rotating shaft in tivo approxi-
limits gf Table ISTB-3510-1. If a parameter is determined ~ mately orthogonal directions on each accesgible pump-
by analytical methods instead of measurement, then the = bearing holsing. Measurement shall also e taken in
deternfination shall meet the parameter accuracy require- the axial'direction on each accessible pump thrust
ment of Table ISTB-3510-1 (e.g., flow rate determination beaning housing,
shall b¢ accurate to within £2% of actual). For individual (b) Onverticalline shaft pumps, measurements shall be
analog[instruments, the required accuracy is percent of _staken on the upper motor-bearing housing in three

full-scalle. For digital instruments, the required accuracy

is over
ments,
(b)
(1]
shall b
@
referer
range
3
range 1
(¢)
establi
record
the pat

the calibrated range. For a combination of instru=
the required accuracy is loop accuracy.
Range
The full-scale range of each analogrinstrument
not greater than three times the reference value.
Digital instruments shall be selected such that the
ce value does not exceed 908 )of the calibrated
f the instrument.
Vibration instruments are excluded from the
equirements of (1) and )(2).
Instrument Location»The sensor location shall be
shed by the Qwner, documented in the plant
5 (see ISTB-9000), and shall be appropriate for
ameter being measured. The same location shall

approximately orthogonal directions, one
the axial direction.

(c) Onreciprocating pumps, the location sh|
bearing housing of the crankshaft, approximat
dicular to both the crankshaft and the line
travel.

(d) If a portable vibration indicator is

bf which is
hll be on the
ely perpen-

of plunger

used, the

measurement points shall be clearly identified on the

pump to permit subsequent duplication in b
and plane.

ISTB-3550 Flow Rate. When measuring

bth location

flow rate, a

rate or quantity meter shall be installed if the pump

test circuit. If a meter does not indicate th|
directly, the record shall include the meth

e flow rate
od used to

be used for subséquent tests. Instruments that are posi- reduce the data. Internal recirculated flow is rjot required
tion sehsitive-shall be eithe1: permanently mounted, or to be measured. External recirculated flow is rjot required
provisjon.shall be made to duplicate their position to be measured if it is not practical to isolate| has a fixed
during 1 resistance, and has been evaluated by the Oyner to not

(d) Fluctuations. Symmetrical damping devices or
averaging techniques may be used to reduce instrument
fluctuations. Hydraulic instruments may be damped by
using gage snubbers or by throttling small valves in instru-
ment 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.

have a substantial effect on the results of the test.
ISTB-4000 TO BE PROVIDED AT A LATER DATE

ISTB-5000 SPECIFIC TESTING REQUIREMENTS

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

(a) When a Group B testis required, a Group A, compre-
hensive, or baseline test may be substituted.
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DIVISION 1, Subsection ISTB

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

(c) When a comprehensive test is required, a baseline
test may be substituted.

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

ASME OM-2020

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

(b) Theresistance ofthe system shall be varied until the
flow rate is 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. Alternatively, the
flow rate shall be varied until the differential pressure
is as close as practical to the reference point with the

each pump|shall be run at least 2 min. At the end of this
time atleasf one measurement or determination of each of
the quantitlies required by Table ISTB-3000-1 shall be
made and fecorded.

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

(b) Bypdss Loops

(1) AMhypass testloop may be used for a Group A test
or comprehensive test, provided the flow rate through the
loop meets|the requirements as specified in ISTB-3300.

(2) AlYypasstestloop may be used for Group B tests if
itis designdd to meet the pump manufacturer’s operating
specificatipns (e.g., flow rate, time limitations) for
minimum flow operation.

ISTB-5110 Baseline Testing. The parameters to be
measured dre specified in Table ISTB-3000-1.

(a) Insy$tems where resistance can be varied, flow rate
and differential pressure shall be measured at a minimtim
of five poirfts. If practicable, these points shall bé\from
pump minjmum flow to at least the comprehensive
pump test flow rate, or, if a pump periodic Verification
testisrequifed per ISTB-3400, the pump désign basis acci-
dent flow rjate in the credited Owner's safety analysis,
whichever |s higher. A pump curve(shall be established
based on the measured points. At least one point shall
be designated as the reference point(s). Data taken at
the referenge point will be~used to compare the results
of inservicq tests. A pump~curve need not be established
for pumps in systemsahere resistance cannot be varied.

(b) Vibrdtion méasurements are only required to be
taken at thg¢ refefence point(s).

ISTB-5120 \Inservice Testing

variance not to exceed +1% or -2% of the reference
point and the flow rate determined and compar¢d with
the reference flow rate.
(c) Where it is not practical to vary syste€m res]stance,
flow rate and pressure shall be determined and compared
to their respective reference values.
(d) Vibration (displacement ox.velocity) shall b¢ deter-
mined and compared with theyreference value. Vipration
measurements shall be broadband (unfiltered). If yelocity
measurements are used;'they shall be peak. If displace-
ment amplitudes aresused, they shall be peak-tojpeak.
(e) All deviations from the reference values ghall be
compared withthe ranges of Table ISTB-5121-1 and
corrective action taken as specified in ISTB-6200} Vibra-
tion measurements shall be compared to both the relative
and abSelute criteria shown in the alert and rgquired
action ranges of Table ISTB-5121-1. For example, if vibra-
tion exceeds either 6V, or 0.7 in./sec (1.7 cm/s) thp pump
is' in the required action range.

ISTB-5122 Group B Test Procedure. Group [B tests
shall be conducted with the pump operating ajs close
as practical to a specified reference value. The test param-
eter value identified in Table ISTB-3000-1 shall b¢ deter-
mined and recorded as required by this paragraph. The
test shall be conducted as follows:

(a) The pump shallbe operated atnominal motojr speed
for constant speed drives or at a speed adjusted to the
reference point (¥1%) for variable speed drives.

(b) Thedifferential pressure or flow rate shall b
mined and compared to its reference value.

(c) System resistance may be varied as necessary to
achieve a value as close as practical to the referenc value.

(d) A differential pressure or flow rate deviatign from
its reference value shall be compared with the ranges of
Table ISTB-5121-1 and corrective action taken a$ speci-

b deter-

ISTB-5121 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:

10

fied in ISTB-6200.

ISTB-5123 Comprehensive Test Procedure. Compre-
hensive 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:

(20)
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Table ISTB-5121-1 Centrifugal Pump Test Acceptance Criteria

DIVISION 1, Subsection ISTB

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, >1.100Q,
[Notes (1), (2]] N/A AP 0.90 to 1.10AP, None <0.90AP, >1.10AP,
<600 rpm VgzorV, <2.5V, >2.5V, to 6V, or >10.5 to 22 mils None >6V, or >22 mils
(266.7 to 558.8 um) (558.8 um)
2600 rpm  V,or Vy <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec None >6V, or >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)
Group Bfest N/’A 1, O U U0 1.1\)1{, Nome U0 r 16 2r
N/A AP 0.90 to 1.10AP, None <0.90AP, >1X10AP,
Comprehensive Test N/A Q 0.94 to 1.06Q, 0.90 to <0.94Q, <0.900Q, >1.06Q),
[Noteg (1), (2)] N/A AP 0.93 to 1.06AP, 0.90 to <0.93AP, <0.904P, ' >1.06hP,
<600 rpm VgzorV, <2.5V, >2.5V,. to 6V, or >10.5 to 22 mils Notie >6V, ¢r >22 mils
(266.7 to 558.8 um) (55B.8 um)
2600 rpm  V,or V, <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec, \None >6V, qr >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)
GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity reference value, and the subsdript d denotes
displacenent.
NOTES:

(1) Vibration parameter per Table ISTB-3000-1. V, is vibration reference value in the-selected units.
r to Figure ISTB-5223-1 to establish displacement limits for pumps with speeds 2600 rpm or velocity limits for pumps with speeds

(2) Refd
<60

(@)
for con
referen

(b) "
flowra
the van
point. ]
and co
flow rg
is as cl
varian

D rpm.

'he pump shall be operated at nominal motor speed
stant speed drives or at a speed adjusted to the
ce point (+1%) for variable speed drives.

"he resistance of the system shall be varied until'the
e is as close as practical to the reference pointwith
iance not to exceed +2% or -1% of the\reference
'he differential pressure shall then be‘determined
mpared to its reference value. Alternatively, the
te shall be varied until the différential pressure
ose as practical to the reférerice point with the
fe not to exceed +1% aT 2% of the reference

point and the flow rate detefmined and compared with

the refi

(c)
flowra
to thei

(d) )
mined
values

brence flow rate.

Vhere it is not practical to vary system resistance,
fe and pressure shall be determined and compared
respective reference values.

/ibration (displacement or velocity) shall be deter-
and.tempared with corresponding reference
Vibration measurements are to be broadband

(unfilt

:rnd) £ vn]nrify measurements are ncnﬂl fhny

ISTB-5124 Periodic Verification Test.> T
performed for pumps identified via ISTB-14
required flow and differential pressure
achieved, then the pump is in the action range,
tive actions shall be taken in accord
ISTB-6200(b).

bsts shall be
0(d). If the
cannot be
and correc-
ance with

ISTB-5200 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 syst
each pump shall be run at least 2 min. At thd
time atleast one measurement or determinati
the quantities required by Table ISTB-300(
made and recorded.

em permits,
end of this
n of each of
-1 shall be

(2) For the Group B test, after pump conditions are

stable, at least one measurement or determin
quantity required by Table ISTB-3000-1 shall i
recorded.

ation of the
emadeand

(bJ] Bypass Loops

shall be peak. If displacement 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
corrective action taken as specified in ISTB-6200. The
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
example, if vibration exceeds either 6V, or 0.7 in./sec
(1.7 cm/s), the pump is in the required action range.

(1) Abypass testloop may be used for a Group A test
or comprehensive test, provided the flow rate through the
loop meets the requirements as specified in ISTB-3300.

3 The Owner is not required to perform a pump periodic verification
test if the design basis accident flow rate in the Owner’s safety analysis is
bounded by the comprehensive pump test flow rate or Group A test flow
rate.

(20)


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

DIVISION 1, Subsection ISTB

(2) Abypasstestloop may be used for Group B tests if
itis designed to meet the pump manufacturer’s operating
specifications (e.g., flow rate, time limitations) for
minimum flow operation.

ISTB-5210 Baseline Testing. The parameters to be
measured are specified in Table ISTB-3000-1.

(a) Insystemswhere resistance canbe varied, flow rate
and differential pressure shall be measured at a minimum
of five points. If practicable, these points shall be from
pump min

mum-flow tag ot loast the comnrehensive
r

ASME OM-2020

and absolute criteria shown in the alert and required
action ranges of Table ISTB-5221-1. 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.

ISTB-5222 Group B Test Procedure. Group B tests
shall be conducted with the pump operating as close
as practical to a specified reference value. The test param-
eter value identified in Table ISTB-3000-1 shall be deter-
mined and recorded as required by this paragraph. The

test shall he conducted-as follows:

pump test flow rate, or, if a pump periodic verification
testisrequifed per ISTB-3400, the pump design basis acci-
dent flow fjate in the credited Owner’s safety analysis,
whichever [s higher. A pump curve shall be established
based on the measured points. At least one point shall
be designated as the reference point(s). Data taken at
the referenfe point will be used to compare the results
of inservicq tests. A pump curve need not be established
for pumps in systems where resistance cannot be varied.

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

0 Inservice Testing

21 Group A Test Procedure. Group A tests
ducted with the pump operating as close
to a specified reference point and within
es from the reference point as described in

flow rate is ps close as practical to thereférence point with
the variancp not to exceed +2% or 1% of the reference
point. The differential pressure(shall then be determined
and compayed to its reference*value. Alternatively, the
flow rate shall be varied-util the differential pressure
is as close fps practicalto/the reference point with the
variance npt to exceed +1% or -2% of the reference
point and the flow\rdte determined and compared with
the referenfe flow rate.

(c) Wheie it is not practical to vary system resistance,

(a) The pump shallbe operated atnominal moter speed
for constant speed drives or at a speed adjusted to the
reference point (¥1%) for variable speed drives.

(b) The differential pressure or flowsrate shall b
mined and compared to its referencevalue.

(c) System resistance may béwaried as necessary to
achieve a value as close as practical to the referenc value.

(d) A differential pressure-or flow rate deviatign from
its reference value shall®be‘compared with the ranges of
Table ISTB-5221-1 and-corrective action taken a$ speci-
fied in ISTB-6200«

b deter-

ISTB-5223 ‘Comprehensive Test Procedure. Compre-
hensive tests'shall be conducted with the pump operating
as close as practical to a specified reference pojnt and
withinthe variances from the reference point as depcribed
in this paragraph. The test parameters sh¢wn in
Table ISTB-3000-1 shall be determined and reccorded
as required by this paragraph. The test shall be corfducted
as follows:

(a) The pump shallbe operated atnominal motojr speed
for constant speed drives or at a speed adjusted to the
reference point (¥1%) for variable speed drives.

(b) Theresistance ofthe system shall be varied yntil 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 deteymined
and compared to its reference value. Alternatively, the
flow rate shall be varied until the differential pressure
is as close as practical to the reference point with the
variance not to exceed +1% or -2% of the reference
point and the flow rate determined and compar¢d with
the reference flow rate.

(c) Where it is not practical to vary system res]stance,
flow rate and pressure shall be determined and compared

to-their respective reference values
r

flow rate and pressure shall be determined and compared
to their respective reference values.

(d) Vibration (displacement or velocity) shall be deter-
mined and compared with the reference value. Vibration
measurements shall be broadband (unfiltered). If velocity
measurements are used, they shall be peak. If displace-
ment 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-5221-1 and
corrective action taken as specified in ISTB-6200. Vibra-
tion measurements shall be compared to both the relative

12

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

(e) All deviations from the reference values shall be
compared with the ranges of Table ISTB-5221-1 and
corrective action taken as specified in ISTB-6200. The
vibration measurements shall be compared to both the
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Table ISTB-5221-1 Vertical Line Shaft Centrifugal Pump Test Acceptance Criteria
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DIVISION 1, Subsection ISTB

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 AP 0.95 to 1.10AP, 0.93 to <0.95AP, <0.93AP, >1.10AP,
<600 rpm VgzorV, <2.5V, >2.5V, to 6V, or >10.5 to 22 mils None >6V, or >22 mils
(266.7 to 558.8 um) (558.8 um)
2600 rpm  V,or Vy <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec None >6V, or >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)
Group Bfest N/’A 1, O U U0 1.1\)1{, Nome U0 r 16 2r
N/A Ap 0.90 to 1.10AP, None <0.90AP, >1X10AP,
Comprehensive Test N/A Q 0.95 to 1.06Q,  0.93 to <0.95Q, <0.930Q, >31.06Q,
[Noteg (1), (2)] N/A AP 0.95 to 1.06AP, 0.93 to <0.95AP, <0.934P, V' >1.06hP,
<600 rpm VgzorV, <2.5V, >2.5V,. to 6V, or >10.5 to 22 mils Notie >6V, ¢r >22 mils
(266.7 to 558.8 um) (55B.8 um)
2600 rpm  V,or V, <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec, \None >6V, qr >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity reference value, and the subsdript d denotes

displacenent.

NOTES:

(1) Vibration parameter per Table ISTB-3000-1. V, is vibration reference value in the-selected units.

(2) Refdr to Figure ISTB-5223-1 to establish displacement limits for pumps with speeds 2600 rpm or velocity limits for pumpls with speeds

<60p rpm.

relative and absolute criteria shown in the alert and
requirfed action ranges of Table ISTB-5221-1. For
example, if vibration exceeds either 6V, or 0.7 in./see
(1.7 cm/s), the pump is in the required action range.

ISTB-5224 Periodic Verification Test.? Tests’shall be
performed for pumps identified via ISTB-1400,d). If the
required flow and differential pressure cannot be
achieved, then the pump is in the action range, and correc-

tive aftions shall be taken in-accordance with
ISTB-6R00(b).

ISTB-3300 Positive Displacement Pumps

(a) |Duration of Test$
(1) For the GroupA test and the comprehensive test,
after piump conditions‘are as stable as the system permits,
each piimp shallbe run at least 2 min. At the end of this
time atfleast ene'measurement or determination of each of
the quantities required by Table ISTB-3000-1 shall be
made dnd recorded

operating specifications (e.g., flow rate, time
for minimum flow operation.

imitations)

ISTB-5310 Baseline Testing. The paramleters to be (20)

measured are specified in Table ISTB-3000-[.
(a) For positive displacement pumps, referlence values
shall be taken at or near pump design presgure for the
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

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

(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
ISTB-3300. A bypass test loop may be used for Group B
tests if it is designed to meet the pump manufacturer’s

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

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

(c) Where it is not practical to vary system resistance,
flow rate and pressure shall be determined and compared
to their respective reference values.
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Figure ISTB-5223-1 Vibration Limits
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(d) Vibrdtion (displacement or velocity] shall be deter-
mined and fompared with the reference yalue. Vibration
measuremgnts shall be broadband (Unfiltered). If velocity
measuremgnts are used, they shall be peak. If displace-
ment amplitudes are used, they.shall be peak-to-peak.

(e) All dpviations 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 sp¢cified inISTB-6200. For reciprocating positive
displacement pumps, vibration measurements shall be
compared [torthe relative criteria shown in the alert

Pump Speed, rpm

mined and recorded as required by this paragraph. The
test shall be conducted as follows:
(a) The pump shallbe operated atnominal motojr speed
for constant speed drives or at a speed adjusted to the
reference point (¥1%) for variable speed drives.
(b) The flow rate shall be determined and compared to
its reference value.
(c) System resistance may be varied as necessary to
achieve a value as close as practical to the referenc value.
(d) A flow rate deviation from its reference valyie shall
be compared with the ranges of Table ISTB-5321-1 or

and requir-d action Tamges of-Tabte15TB-5321+2"For
all other positive displacement pumps, vibration measure-
ments 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 vibration exceeds
either 6V, or 0.7 in./sec (1.7 cm/s), the pump is in the
required action range.

ISTB-5322 Group B Test Procedure. Group B tests
shall be conducted with the pump operating as close
as practical to a specified reference value. The test param-
eter value identified in Table ISTB-3000-1 shall be deter-

action

Tolale IQTNR CR94 9 1. 1ol q g
IdUIT 101D 004174, d5 dPpPHLAUIC, dlIU LUTTTULIV

taken as specified in ISTB-6200.

ISTB-5323 Comprehensive Test Procedure. Compre-
hensive 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:
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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 093 to 1.10P,  0.90 to <0.93P, <0.90P,  >1.10P,
<600 rpm VgzorV, <2.5V, >2.5V, to 6V, or >10.5 to 22 mils None >6V, or >22 mils
(266.7 to 558.8 um) (558.8 um)
2600 rpm  V,or Vy <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec None >6V, or >0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)
Group Bfest N/’A %4 U U0 1.1\)1{, Nome U0 r 16 2r
Comprehensive Test N/A Q 0.95 to 1.06Q,  0.93 to <0.95Q, <0.930Q, >1.06Q,
[Notep (1), (2)] N/A P 0.93 to 1.06P,  0.90 to <0.93P, <0.90P, ~(3106p.
<600 rpm VgzorV, < 2.5V, >2.5V, to 6V, or >10.5 to 22 mils None >6V, ¢r >22 mils
(266.7 to 558.8 um) (55B.8 um)
2600 rpm  V, or Vy <2.5V, >2.5V, to 6V, or >0.325 to 0.7 in./sec, Noné >6V,.dr >0.7 in./sec

(0.8 to 1.7 cm/s)

(1.7

cm/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity reférence value, and the subsd

displacenent.

NOTES:

(1) Vibration parameter per Table ISTB-3000-1. V, is vibration reference value in the seléeted units.
(2) Refqr to Figure ISTB-5223-1 to establish displacement limits for pumps with speed$.=2600 rpm or velocity limits for pumpls with speeds

ript d denotes

<60p rpm.
Table ISTB-5321-2 Reciprocating Positive Displacement Pump Test Acceptance Criteria
Required Action
Pump Test Hange

Test Type Speed Parameter Aceeptable Range Alert Range Low High
Group A Test N/A Q 0.95 t0~1.100Q, 0.93 to <0.95Q, <0.930Q, >1.10Q,
N/A P 0093 to 1.10P, 0.90 to <0.93P, <0.90P,| >1.10P,

N/A VyorV, <2.5V, >2.5V, to 6V, None >6V,
Group H Test N/A Q 0.90 to 1.10Q, None <0.900, >1.100Q,
Comprehensive Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.930Q, >1.060Q,
N/A P 0.93 to 1.06P, 0.90 to <0.93P, <0.90P, >1.06P,

N/A VayorV, <2.5V, >2.5V, to 6V, None >6V,

GENERAL NOTE: The subscript -denotes reference value, the subscript v denotes vibration velocity reference value, and the subsdript d denotes

displacenent.

(a) Thepumpshall be operated at nominal motor speed
for corlstant spéed drives or at a speed adjusted to the
referer]ce point (¥1%) for variable speed drives.

(b) Theréesistance of the system shall be varied until the

shall be peak. If displacement amplitude$ are used,
they shall be peak-to-peak.

(e) All deviations from the reference valyes shall be
compared with the ranges of Table ISTB{5321-1 or

discharge pressure 15as ClOSe as practical to the reference
point with the variance not to exceed +1% or —-2% of the
reference point. The flow rate shall then be determined
and compared to its reference value.

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

(d) Vibration (displacement or velocity) shall be deter-
mined and compared with corresponding reference
values. Vibration measurements are to be broadband
(unfiltered). If velocity measurements are used, they

Table ISTB-5321-2,as applicable, and corrective action
taken as specified in 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 measure-
ments 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 vibration exceeds
either 6V, or 0.7 in./sec (1.7 cm/s), the pump is in the
required action range.

15
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ISTB-5324 Periodic Verification Test.? Tests shall be
performed for pumps identified via ISTB-1400(d). If the
required flow and differential pressure cannot be
achieved, then the pump is in the action range, and correc-
tive actions shall be taken in accordance with
ISTB-6200(Db).

ISTB-6000 MONITORING, ANALYSIS, AND
EVALUATION

If anoma
clearindicafion of systematic error, then the cause shall be
attributed fo the pump under the test, and ISTB-6200
applies. If if’s readily apparent that the anomalous data
were causgd by a systematic error, such as improper
system linfeup or inaccurate instrumentation, then
ISTB-6300 ppplies.

ISTB-6100

Test pardmeters shown in Table ISTB-3000-1, except
for fixed vdlues, shall be trended.

Trending

ISTB-620(

(a) Alerg Range. If the measured test parameter values
fall within the alert range of Table ISTB-5121-1, Table
ISTB-5221-1, Table ISTB-5321-1, or Table ISTB-5321-2,
as applicaple, the frequency of testing specified in
ISTB-3400 $hall be doubled until the cause of the deviation
is determiphed and the condition is corrected, or an
analysis of the pump is performed in accordance with (¢).

(b) Actiqn Range. If the pump periodic verificationtest
flow or pregsure parameter is not met or a measured test
parameter Yalue falls within the required action range of
Table ISTB-5121-1, Table ISTB-5221%1, Table
ISTB-532111, or Table ISTB-5321-2, as ‘applicable, the
pump shall be declared inoperable ‘until either the
cause of theldeviation has been determined and the condi-
tion is corr¢cted, or an analysisofithe pump is performed
in accordarjce with (c).

(c) Analysis. In cases wherethe pump’s test parameters
are within pither the alert or required action ranges of
Table ISTB-512¥-1, Table ISTB-5221-1, Table
ISTB-532111, or.Table ISTB-5321-2, as applicable, an
analysis mpy besperformed that supports the pump’s
continued |us€~at the changed values. This analysis

Corrective Action

ASME OM-2020

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, the test shall be
rerun after correcting the error.

If the reference value of a particular parameter being
measured or determined can be significantly influenced
by other related conditions, then these conditions $hall be
analyzed® and documented in therecord of tedts (see
ISTB-9000).

ISTB-7000 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.@wner shall maintain a record that shall include the
following for each pump covered by this Subsection:
{a) the manufacturer and the manufacturer’s) model
and serial or other identification number
(b) a copy or summary of the manufacturer’s| accep-
tance test report if available
(c) a copy of the pump manufacturer’s operating limits
(d) the comprehensive pump test flow rate bagis (e.g.,
flow rate and associated differential or discharge pressure
and speed for variable speed pumps)
(e) maintaining the necessary records for th¢ pump
periodic verification tests, including the applicable test
parameters (e.g., flow rate and associated diffdrential
pressure, or flow rate and associated discharge pressure,
and speed for variable speed pumps) and their basis

ISTB-9200 Test Plans

In addition to the requirements of ISTA-31[L0 and
ISTA-3160, the test plans and procedures shall jnclude
the following:

shall include verification of the pump’s operational readi-
ness. 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 evaluation of
all trends indicated by available data. The analysis shall
also consider whether new reference values should be
established and shall justify the adequacy of the new refer-
ence values, if applicable. The results of this analysis shall
be documented in the record of tests (see ISTB-9000).

(l/l) LdtCsUly Uf CClL}l puulp

(b) the hydraulic circuit to be used

(c) the location and type of measurement for the
required test parameters

*Vibration measurements of pumps may be foundation, driver, or
piping dependent. Therefore, if initial vibration readings are high
and have no obvious relationship to the pump, then vibration measure-
ments 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 levels will not
prevent the pump from fulfilling its function.

(20)
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(d) the method of determining test parameter values ISTB-9400 Record of Corrective Action

that are not directly measured by instrumentation
See ISTA-9240.

ISTB-9300 Record of Tests
See ISTA-9230.

17
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Subsection ISTC
Inservice Testing of Valves in Water-Cooled Reactor Nuclear
Power Plants

ISTC-1000
ISTC-1100

INTRODUCTION

Applicability

The requirements of this Subsection apply to certain

valves and
and positio

(20) ISTC-1200
The foll

pressure relief devices (and their actuating
h-indicating systems).

Exclusions

wing components are excluded from the

testing reqyirements of this Subsection:

(a) valvd
function as
(1) va
as vent, dra
(2) va
sure-regula
(3) va
tenance
(b) skid-
major com
adequately
(c) exteq
sible for se
for valve o]
(d) safet
requiremer
and ISTC-3
(e) noniy
disks) used

ISTC-1300

Valves W

s that are not required to perform a specific
described in ISTA-1100

ves used only for operating convenience such
in, instrument, and test valves

ves used only for system control, such as pres-
ting valves

ves used only for system or component main-

mounted valves that are tested as part.of.the
bonent and are justified by the Owner jto be
tested

nal control and protection systems respon-
hsing plant conditions and previding signals
peration

y and relief valves that-are‘excluded from the
ts of ISTC-3500, Valve, Festing Requirements,
00, Position Verification Testing

eclosing presSure relief devices (rupture
in BWR Scram Accumulators

Valye Categories

ithinthe scope of this Subsection shall be

placed in

bne or more of the Fnl]n\/\ring categaries

(b) Category B: valves for which seat leakage
closed position is inconsequential for fulfilmen
required function(s), as specified in ISTA-1100.

in the
of the

(c) Category C: valves that,are/self-actuating in
response to some system charaeteristic, such as pfessure

(relief valves) or flow direction;{check valves) for

ment of the required function(s), as speci
ISTA-1100.

(d) Category D: valves that are actuated by an
source capable of only one operation, such as 1
disks or explosively actuated valves.

ISTC-1400.Owner’s Responsibility

In addition to the requirements of ISTA-1500,
Owner’s responsibility to

fulfill-
ied in

energy
upture

t is the

{a) include in the plant design all necessary instfumen-
tation, test connections, flow instruments, or any other

provisions that are required to fully comply with
quirements of this Subsection.

the re-

(b) categorize (see ISTC-1300), and list in the plant

records (see ISTC-9000) each valve to be tested ix
dance with the rules of this Subsection, including
specified acceptance criteria. The Owner shall spe
conditions.

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

ISTC-2000 SUPPLEMENTAL DEFINITIONS

The following are provided to ensure a uniform
standing of selected terms used in this Subsectid

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

ating ctralra
SHHHE-SHFeKe:-

Where specified in Table ISTC-3500-1, when more
than one distinguishing category characteristic is applica-
ble, all requirements of each of the individual categories
are applicable, although duplication or repetition of

common te

sting requirements is not necessary.

(a) Category A: valves for which seat leakage is limited
to a specific maximum amount in the closed position for

fulfillment
ISTA-1100.

of their required function(s), as specified in

accor-
Dwner-
ify test

bability

under-
n:

of the
e oper-

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 pres-

sure-sensing device or a control switch. A power-operated
relief valve is not capacity certified underASME Section II1

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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(20) 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) An

could affect its performance after the preservice test

(3) Resolve any deficiencies identified in the opera-
tional feadiness of the actuationlogic or associated elec-
trical cjrcuits or the capability,efapyrotechnic charge. Ifa
charge|fails to fire or its capability is not confirmed, all
charge$ with the same batch number shall be removed,
discarded, and replaced-with charges from a different
batch pumber that has demonstrated successful 20%
samplipg of the-charges.

DIVISION 1, Subsection ISTC

practicable to those expected during subsequent inservice
testing.

Reference values shall be established only when the
valve is known to be operating acceptably. If the particular
parameter being measured can be significantly influenced
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-replacedrepaired, or has
undergone mainten the valve’s

performance, a new reference value shall lbe
or the previous value reconfirmed by an.insery
before the time it is returned to sexvice or im
not removed from service. This test is to demo
performance parameters thatcould be affecte
placement, repair, or maifitenance are withirj
limits. Deviations betwegen the previous and
ence values shall belidentified and analyzed.
that the new values-represent acceptable ope
be documented‘in the record of tests (see |
Safety and_relief valves and nonreclosin
relief devices shall be tested as required by {
ment, reépair, and maintenance requirements d
Mandatory Appendix I.

Active MOVs shall be tested as required by
ment, repair, and maintenance requir
Division 1, Mandatory Appendix III.

Active AOVs shall be tested as required by
ment, repair, and maintenance requir
Division 1, Mandatory Appendix IV.

determined
yice test run
mediately if
nstrate that
d by the re-

acceptable
new refer-
Verification
ration shall
STC-9120).
B pressure
he replace-
f Division 1,

the replace-
ements of

the replace-
ements of

ISTC-3320 Establishment of Additional Sgt of Refer-

ence Values. If it is necessary or desirabl
reason, other than stated in ISTC-3310, to est
tional reference values, an inservice test shall
atthe conditions of an existing set of reference
impractical, at the conditions for which the ne
values are required, and the results analyzed.
is acceptable in accordance with the applica
ments of ISTC-5100, a second test shall be
under the new conditions as soon as pract

e for some
ablish addi-
first be run
values, or, if
W reference
If operation
ble require-
performed
icable. The

(e) Active pnédmatically operated valves (AOV) shall results of the second test shall establish th¢ additional
meet [th€ P reservice Test requirements of reference values. Whenever additional referpnce values
Divisioh T-Mandatory Appendix IV are established, the reasons for doing so shall|be justified

' . and documented-in the record of tests (cnn STC_9120)

ISTC-3200 Inservice Testing

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 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

19

ISTC-3400 To Be Provided at a Later Date

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

Leakage Test

Exercise Test

Special Test

Category Valve Procedure and Procedure and Procedure Position Indication

(See ISTC-1300) Function Frequency Frequency [Note (1)] Verification and Frequency
A [Notes (1), (2)] Active See ISTC-3600 See ISTC-3510 [Note (3)] None See ISTC-3700 [Note (3)]
A [Note (2)] Passive See ISTC-3600 None None See ISTC-3700
B [Notes (1), (2), (4)] Active None See ISTC-3510 [Note (3)] None See ISTC-3700 [Note (3)]
B [Note (2)] Passive None None None See ISTC-3700
C (safety and relief)  Active None See ISTC-5230, None See ISTC-1200(d)

[Notes (2), (5)] ISTC-5240
C (check valvp) Active None See ISTC-3510 None See ISTC-3700

[Notes (2),](6)]
D Active None None See ISTC-5250, None

ISTC-5260

NOTES:

(1) Note addjtional requirement for fail-safe valves, ISTC-3560.
(2)

although
(3

ISTC-513p.
4)
(5)
(6

Leak test]as required for Division 1, Mandatory Appendix I.

ISTC-3500

Active ar]d passive valves in the categories defined in
ISTC-1300 ghall be tested in accordance with the para-
graphs spegified in Table ISTC-3500-1 and the applicable
requiremerjts of ISTC-5100 and ISTC-5200.

Valve Testing Requirements

ISTC-3510 Exercising Test Frequency. Active Cate-
gory A, Cafegory B, and Category C check yalves shall
be exercised nominally every 3 months,\except as
provided [by ISTC-3520, ISTC-354.0, ISTC-3550,
ISTC-3570,{ISTC-5221, and ISTC-5222~Power-operated
relief valvep shall be exercise tested.once per fuel cycle.

ISTC-3520 Exercising Requirements

ISTC-3521 Category A«and Category B Valves. Cate-
gory A and|Category Bwvalves shall be tested as follows:
(a) full-stroke exercising of Category A and Category B
valves durfng operdtion at power to the position(s)
required to| fulfilh its function(s).
(b) if full-stroke exercising during operation at power

For PORVs, see Division 1, Mandatory Appendix I, [-4200 and 1-4220.

If a check|valve used for a pressure relief device is capacity certified, then it shall be classified as a pressure or vacuum relief device.
valve uséd to limit pressure is not capacity certified, then it shall be classified as acheck valve.

When mojre than one distinguishing category characteristic is applicable, all requirements of each of the individual categories are agplicable,
duplication or repetition of common testing requirements is not necessary.
For activp MOVs, see Division 1, Mandatory Appendix III per ISTC-5120; for active AOVs, see Division 1, Mandatory Append

x IV per

facheck

tion at
to full-

(e)¥if.exercising is not practicable during oper
power or cold shutdown outages, it may be limited
stroke during refueling outages.

(f) valves exercised during cold shutdown outages shall
be exercised during each cold shutdown outage, except as
specified in (g). Such exercise is not required if the time
period since the previous exercise is less than 3 months.
During extended shutdowns, valves that are reqyired to
perform their intended function (see ISTA-1100) $hall be
exercised every 3 months, if practicable.

(g) valve exercising during cold shutdown qutages
shall commence within 48 hr of achieving the cold shut-
down mode and continue until all testing is complefe, with
the following exceptions:

(1) The plant is ready to return to operation at
power.

(2) For extended outages, testing need
commenced within 48 hr, provided all valves rg
to be tested during cold shutdown outages
tested before or as part of plant startup.

not be
quired
will be

is not practicable, it may be limited to part-stroke during
operation at power and full-stroke during cold shutdown
outages.

(c) if exercising is not practicable during operation at
power, it may be limited to full-stroke exercising during
cold shutdown outages.

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

20

(3) For shorter duration outages, tests not
completed in previous cold shutdown outage(s) should
be preferentially selected for testing during subsequent
cold shutdown outage(s) as plant conditions allow.

(4) As appropriate, valves may be tested upon the
commencement of power reduction, while decreasing
plant modes to the cold shutdown mode, during the
cold shutdown mode, or while increasing plant modes
to operation at power.
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(5) Ifin the cold shutdown mode for less than 48 hr,
no cold shutdown outage testing is required to be
completed.

(h) all valve testing required to be performed during a
refueling outage may begin upon the commencement of
power reduction, as appropriate, but shall be completed
before returning the plant to operation at power.

ISTC-3522 Category C Check Valves. Category C
check valves shall be exercised as follows:

(a) P

test) shall be determined by the Owner. Open and close
tests aile not required to be performed at the same time if
they aife both performed within the same interval.

(b) If exercising is not practicable during operation at
power]| it shall be performed during cold shutdown
outages.

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

(d) Valves exercised during cold shutdown outages
shall be exercised during each cold shutdown, except
as spegified in (e). Such exercise is not required if the
interval since the previous exercise is less tham 3
monthp. During extended shutdowns, valves that are
requirled to perform their intended functionm (see
ISTA-1[100) shall be exercised every 3 montlis, if practic-
able.

(e) Yalve exercising during cold shutdown outages
shall cgmmence within 48 hr of achieving the cold shut-
down mode and continue until alltesting is complete, with
the following exceptions:

(1) The plant is ready\te return to operation at
power.

2
comme
to be
tested

(3

) For extendéd-outages, testing need not be
nced within\48 hr, provided all valves required
ested during cold shutdown outages will be
before or\ds part of plant startup.

For shorter duration outages, tests not
compldted™in previous cold shutdown outage(s) should

DIVISION 1, Subsection ISTC

(f) All valve testing required to be performed during a
refueling outage may begin upon the commencement of
power reduction, as appropriate, but shall be completed
before returning the plant to operation at power.

ISTC-3530 Valve Obturator Movement. The necessary
valve obturator movement shall be determined by exer-
cising the valve while observing an appropriate indicator,
such asindicating lights that signal the required changes of
obturator position, or by observing other evidence, such

ture, that reflects change of obturator poSiti

ISTC-3540 Manual Valves. Manualvalves

or tempera-
pn.

thall be full-

stroke exercised at least once evety 2°yr, except where

adverse conditions? may require, the valve

be tested

o
more frequently to ensure _operational reakiness. Any

increased testing frequencyvShall be speci
Owner. The valve shallexhibit the require
obturator position.

ied by the
| change of

ISTC-3550 Valves in Regular Use. Valves that operate

in the course of\plant operation at a frequency
satisfy thedexetrcising requirements of this
need not.be additionally exercised, provid
observations otherwise required for testin
and @nalyzed during such operation and 1
the'plant record at intervals no greater tha
in ISTC-3510.

ISTC-3560 Fail-Safe Valves. Valves wi
actuators shall be tested by observing the 9
the actuator upon loss of valve actuating pow
dance with the exercising frequency of ISTC
fail-safe test frequency shall meet the requ
Division 1, Mandatory Appendix IV.

that would
Subsection
ed that the
b are made
ecorded in
n specified

th fail-safe
peration of
er in accor-
+3510. AOV
rements of

ISTC-3570 Valves in Systems Out of Sefvice. For a

valve in a system declared inoperable or n

bt required

to be operable, the exercising test schedule need not

be followed. Within 3 months before p
system in an operable status, the valves shall i
and the schedule followed in accordance w
ments of this Subsection.

ISTC-3600 Leak Testing Requirements

lacing the
e exercised
th require-

ISTC-3610 Scope of Seat Leakage Rate TeTt. Category

be preferentially selected for testing during subsequent
cold shutdown outage(s) as plant conditions allow.

(4) As appropriate, valves may be tested upon the
commencement of power reduction, while decreasing
plant modes to the cold shutdown mode, during the
cold shutdown mode, or while increasing plant modes
to operation at power.

(5) Ifin the cold shutdown mode for less than 48 hr,
no cold shutdown outage testing is required to be
completed.

21

A valves shall be leakage tested, except thatlvalves that
function in the course of plant operation in a manner
that demonstrates functionally adequate seat leak-tight-
ness need not be additionally leakage tested. In such cases,
the valve record shall provide the basis for the conclusion
that operational observations constitute satisfactory
demonstration.

% Harsh service environment, lubricant hardening, corrosive or sedi-
ment-laden process fluid, or degraded valve components are some exam-
ples of adverse conditions.
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ISTC-3620 Containment Isolation Valves. Contain-
ment isolation valves with a leakage rate requirement
based on Appendix ] program commitment shall be
tested in accordance with the Owner’s 10 CFR 50, Appen-
dix] program. Containment isolation valves with a leakage
requirement based on other functions shall be tested in
accordance with ISTC-3630. Examples of these other func-
tions are reactor coolant system pressure isolation valves
and certain Owner-defined system functions such as
inventory preservation, system protection, or flooding

ASME OM-2020

(2) measuring the feed rate required to maintain test
pressure in the test volume or between two seats of a gate
valve, provided the total apparent leakage rate is charged
to the valve or valve combination or gate valve seat being
tested and the conditions required by (b) are satisfied

(3) determining 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 valve seat being tested and the conditions required
by (b) are satisfied

protection.

ISTC-3630 Leakage Rate for Other Than Containment
Isolation Yalves. Category A valves with a leakage
requiremer]t not based on an Owner’s 10 CFR 50, Appen-
dix ] program, shall be tested to verify their seat leakages
within acceptable limits. Valve closure before seat leakage
testing shall be by using the valve operator with no addi-
tional closihg force applied.

(a) Frequency. Tests shall be conducted at least once
every 2 yr.

(b) Diffdrential Test Pressure. Valve seat tests shall be
made with the pressure differential in the same direction
as when thle valve is performing its function, with the
following ekceptions:

(1) Glgbe-type valves may be tested with pressure
under the deat.

(2) Bultterfly valves may be tested in either direction,
provided their seat construction is designed for sealing
against prefsure on either side.

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

(4) Lepkage tests involving pressure difféerential
lower than [function pressure differentials are permitted
in those typgs 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 funftion pressure differential applied over the
seat, are examples of valve.applications satisfying this
requiremept. When leakage tests are made in such
cases usingpressures lower than function maximum pres-
sure differeptial, the.observed leakage shall be adjusted to
the function maximutmn pressure differential value. The
adjustment| shall-be made by calculation appropriate to
the test medliaand the ratio between the test and function

(d) Test Medium. The test medium shall be spec
the Owner.

(e) Analysis of Leakage Rates. Leakage-rate mpasure-
ments shall be compared with the permissible leakage
rates specified by the plant Owner-fora specific valve
or valve combination. If leakagerates are not specified
by the Owner, the following rates/shall be permissible:

(1) for water, 0.5D galf/min (12.4d mL/s) of 5 gal/
min (315 mL/s), whichevertis less, at function pressure
differential

(2) for air, at €unction pressure differentis
standard ft*/day.{58d std. cc/min)
where

D =

d =

fied by

1, 7.5D

nominal valve size, in.
neminal valve size, cm

(f\ Corrective Action. Valves or valve combinations with
l¢akage rates exceeding the valves specified by thelOwner
per (e) shall be declared inoperable and either repaired or
replaced. A retest demonstrating acceptable opgration
shall be performed following any required corfrective
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 verjfy that
valve operationisaccurately indicated. Where pragticable,
this local observation should be supplemented bl other
indications such as use of flow meters or other quitable
instrumentation to verify obturator position. Thesg obser-
vations need notbe concurrent. Where local observation is
not possible, other indications shall be used for verifica-
tion of valve operation.

Position verification for active MOVs shall be tgsted in
accordance with Division 1, Mandatory Appendix III.

pressure differential, assuming leakage to be directly
proportional to the pressure differential to the one-half
power.

(5) Valves not qualifying for reduced pressure
testing as defined above shall be tested at full
maximum function pressure differential.

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

(1) measuring leakage through a downstream tell-
tale connection while maintaining test pressure on one
side of the valve

22

ISTC-4000 INSTRUMENTATION AND TEST
EQUIPMENT

Instrumentation and test equipment accuracy shall be
considered when establishing valve test acceptance
criteria.

(20)
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ISTC-5000 SPECIFIC TESTING REQUIREMENTS
ISTC-5100 Power-Operated Valves (POVs)

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

For power-operated control valves that only have a fail-
safe safety function, the requirements for valve stroke-
time measurement-testing-the associated-stroke-=time
test acfeptance criteria, and any corrective actions that
would fresult from stroke-time testing need not be met.
For th¢se valves, all other applicable requirements of
ISTC-3p00, and as identified below, shall be met.

ISTCG-5110 Power-Operated Relief Valves (PORVs).
Power{operated relief valves shall meet the requirements
of IST(-5100 for the specific Category B valve type and
ISTC-5240 for Category C valves.

IS]
(a)

sequer

[C-5111 Valve Testing Requirements

[esting shall be performed in the following
ce or concurrently. If testing in the following
sequeiljce is impractical, it may be performed out of
sequetjce, and a justification shall be documented in
the redord of tests for each test or in the test plan:

(1) leakage testing

(2) stroke testing

(3] position indication testing

(b) The pressure-sensing device shall be calibrated_in

accordfince with the Owner’s quality assurance prdgram.

ISTC-5112 Leak Testing. Seat tightness ©f the PORV
shall bg verified by leak testing in accordance with the
requir¢ments of Division 1, MandatoryyAppendix I, I-
4200 and 1-4220.

ISTC-5113 Valve Stroke Tésting

(a) Active valves shall\have their stroke times
measured when exercised\in“accordance with ISTC-3500.

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

(c) The stroke time of all valves shall be measured to at
least thje nearest’second.

(d) Any@bnormality or erratic action shall be recorded
(see I$T€-9120), and an evaluation shall be made

DIVISION 1, Subsection ISTC

(a) Valves with reference stroke times of greater than
10 sec shall exhibit no more than +25% change in stroke

time when compared to the reference value.

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

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

stroke time shall be 2 sec.

(a) If a valve fails the applicable leak test
criteria, to exhibit the required change of obt
tion or exceeds the limiting values offull-stro
ISTC-5113(b)], the valve shall pe)immediatg
inoperable.

(b) Valves with measuredstroke times that
the acceptance criteria 0fISTC-5114 shall be i
retested or declareddnaperable. If the valveis
the second set of data also does not meet the
criteria, the data/shall be analyzed within 96
that the new"stroke time represents accep
operation, or the valve shall be declared in
the second set of data meets the acceptan
the cause of the initial deviation shall be ar
the results documented in the record of
ISTC-9120).

(c) Valves declared inoperable may b¢
replaced, or the data may be analyzed to
the cause of the deviation and the valve showr
ating acceptably.

(d) Valve operability based upon analysis s}
results of the analysis recorded in the record
ISTC-9120).

(e) Beforereturningarepaired or replacem
service, a test demonstrating satisfactory opd
be performed.

ISTC-5120 Motor-Operated Valves. Active
meet the requirements of Division 1, Mandato
I11.

acceptance
rator posi-
ke time [see
ly declared

do not meet
mmediately
etested and
acceptance
hr to verify
table valve
bperable. If
ce criteria,
alyzed and
tests (see

b repaired,
determine
to be oper-

1all have the
bf tests (see

entvalve to
ration shall

MOVs shall
y Appendix

ISTC-5130 Pneumatically Operated Val].]cres. Active

AOVs shall meet the requirements of
Mandatory Appendix IV.

ivision 1,

ISTC-5140 Hydraulically Operated Values

regarding need for corrective action.

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

ISTC-5114 Stroke Test Acceptance Criteria. Test
results shall be compared to the reference values estab-
lished in accordance with ISTC-3300, ISTC-3310, or
ISTC-3320.
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ISTC-5141 Valve Stroke Testing

(a) Active valves shall have their stroke times

measured when exercised in accordance with

ISTC-3500.

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

valve shall be specified by the Owner.
(c) The stroke time of all valves shall be me
least the nearest second.

asured to at
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(d) Any abnormality or erratic action shall be recorded
(see ISTC-9120), and an evaluation shall be made
regarding need for corrective action.

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

(a) Valves with reference stroke times of greater than
10 sec shall exhibit no more than #25% change in stroke

time when compared to the reference value.
(b) Valvac with reference stroke times of less than or

ASME OM-2020

ISTC-5152 Stroke Test Acceptance Criteria. Test
results shall be compared to reference values established
in accordance with ISTC-3300, ISTC-3310, or ISTC-3320.

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

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

(c) Valves that stroke in less than 2 sec may be

equal to 10 fec shall exhibit no more than #50% change in
stroke timg when compared to the reference value.

(c) Valves that stroke in less than 2 sec may be
exempted ffom (b). In such cases the maximum limiting
stroke tim¢g shall be 2 sec.

ISTC-5[143 Stroke Test Corrective Action

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

(b) Valvgswith measured stroke times that do not meet
the acceptahce criteria of ISTC-5142 shall be immediately
retested or fleclared inoperable. Ifthe valve is retested and
the second ket of data also does not meet the acceptance
criteria, thg data shall be analyzed within 96 hr to verify
that the ndw stroke time represents acceptable valve
operation, pr the valve shall be declared inoperable. If
the second| set of data meets the acceptance criteria,
the cause df the initial deviation shall be analyzed and
the result§ documented in the record of testsi\(see
ISTC-9120)

(c) Valvgs declared inoperable may be repaired,
replaced, qr the data may be analyzed-to;determine
the cause of the deviation and the valve shown to be oper-
ating accepgably.

(d) Valvg¢ operability based upomanalysis shall have the
results of te analysis recordeddnythe record of tests (see

ISTC-5150 Solenoid-Operated Valves
ISTC-5 i

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

ISTC-5153 Stroke Test Corrective Action

(a) If a valve fails to exhibit the required chajnge of
obturator position or exceeds¢the limiting vaJues of
full-stroke time [see ISTC-5L51(b)], the valve ghall be
immediately declared inoperable.

(b) Valveswith measured stroke times that do npt meet
the acceptance criteria 0fISTC-5152 shall be immgdiately
retested or declarediinoperable. Ifthe valve is retested and
the second set of)data also does not meet the acc¢ptance
criteria, the data‘shall be analyzed within 96 hr t¢ verify
that the new)stroke time represents acceptablg valve
operatiom;, or the valve shall be declared inoperable. If
the second set of data meets the acceptance driteria,
thescause of the initial deviation shall be analyZed and
the results documented in the record of tesfs (see
ISTC-9120).

(c) Valves declared inoperable may be repaired,
replaced, or the data may be analyzed to detgrmine
the cause of the deviation and the valve shown to He oper-
ating acceptably.

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

(e) Beforereturningarepaired or replacement yalve to
service, a test demonstrating satisfactory operati¢n shall
be performed.

ISTC-5200 Other Valves

ISTC-5210 Manually Operated Valves. Valve
shall be in accordance with ISTC-3500. If a valye fails
to exhibit the required change of obturator p¢sition,
the valve shall be immediately declared inopprable.

testing

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

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

(c) Stroketime shall be measured to atleastthe nearest
second.

(d) Any abnormality or erratic action shall be recorded
(see ISTC-9120), and an evaluation shall be made
regarding need for corrective action.
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Valves equipped with remote position indication shall
be tested in accordance with 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.
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(1) Check valves that have a safety function in both
the open and close directions shall be exercised by initi-
ating flow and observing that the obturator has traveled to
either the full open position or to the position required to
perform its intended function(s) (see ISTA-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 open direction shall be exercised by initiating flow and
observing that the obturator has traveled either the full

DIVISION 1, Subsection ISTC

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

(1) Grouping® of check valves for the sample disas-
sembly examination program shall be technically justified
and shall consider, as a minimum,® valve manufacturer,
design, service, size, materials of construction, and orien-
tation.

(2) During the disassembly process, the full-stroke
motion of the obturator shall be verified. Full-stroke
motion of the obturator shall be reverified immediately

open ppsition or to the position required to perform its
intendg¢d function(s) (see ISTA-1100), and verify closure.

(3) Check valves that have a safety function in only
the cloge direction shall be exercised by initiating flow and
observjing that the obturator has traveled at least the
partially open position,® and verify that on cessation or
reversdl of flow, the obturator has traveled to the seat.

Observations shall be made by observing a direct
indicatpr (e.g., a position-indicating device) or by other
positive means (e.g., changes in system pressure, flow
rate, leyel, temperature, seat leakage, testing, or nonintru-
sive testing results).

(b) If a mechanical exerciser is used to exercise the
valve, the force(s) or torque(s) required to move the
obturafor and fulfill its safety function(s) shall meet
the acdeptance criteria specified by the Owner.*

(1) Exercise test(s) shall detect a missing obturator,
sticking (closed or open), binding (throughout obturator
movenlent), and the loss or movement of any weight(s):
Both an open and close test may not be required.

(2) Acceptance criteria shall consider the specific
design,|application, and historical performance;

(3) If impracticable to detect a missing obturator or
the losg or movement of any weight(s) using a mechanical
exercigder, other positive means may be used [e.g., seat
leakagg tests and visual observations)to detect obturator
loss ar}d the loss or movement of external weight(s),
respectively].

(c) Ifthe test methods iti\(@) and (b) are impractical for
certainy check valves,~orif sufficient flow cannot be
achieved or verified;-a‘sample disassembly examination
program shall be.used to verify valve obturator move-

prior to completing reassembly. Checkvhlves’ that
have their obturator disturbed before/full-stroke
motion is verified shall be examined,to determine if a
condition exists that could preventtfull openitLg or reclo-
sure of the obturator.

(3) Atleastone valve from edch group shfall be disas-
sembled and examined at gach/refueling outage; all valves
in each group shall be disassembled and exam|ned at least
once every 8 yr.

(4) Before return to service, valves that were disas-
sembled for examination or that received njaintenance
that could affect their performance, shall be exercised
full- or part=stroke, if practicable, with flow inJaccordance
with IST(+3520.7 Those valves shall also b¢ tested for
other, requirements (e.g., closure verificatjon or leak
rate\testing) before returning them to servide.

ISTC-5222 Condition-Monitoring Program. As an
alternative to the testing or examination reguirements
of ISTC-3510, ISTC-3520, ISTC-3530, ISTC3550, and
ISTC-5221, the Owner may establish a condition-moni-
toring program. The purpose of this progiam is both
to improve valve performance® and to optinize testing,
examination, and preventive maintenance aftivities® in
order to maintain the continued acceptable performance

5 Maintenance and modification history should be corjsidered in the
grouping process.

%Valve grouping should also consider potential floy instabilities,
required degree of disassembly, and the need for tolergnce or critical
dimension checks.

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

8 Examples of candidates for improved valve perform

yalves with the

nce are check

conditions or

ment. [f maintenhance is performed on one of these valves that

valves fhat could affect its performance, the postmainte- (a) have an unusually high failure rate during inservice testing or
nance ftesting shall be conducted in accordance with operations

(9)(4) (b) cannot be exercised under normal operating

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

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

*If 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.
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during shutdown

(c) exhibitunusual, abnormal, or unexpected behavior during exer-
cising or operation, or

(d) the Owner elects to monitor for improved valve performance.

9 Examples of candidates for optimization of testing, examination, and

preventive maintenance activities are check valves with documented
acceptable performance that

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

(b) cannot be exercised or are not readily exercised during normal
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.
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of a select group of check valves. The Owner may imple-
ment this program on a valve or a group of similar valves.
The program shall be implemented in accordance with
Division 1, Mandatory Appendix II, Check Valve Condi-
tion-Monitoring Program. If the condition-monitoring
program for a valve or valve group is discontinued,
then the requirements of Subsection ISTC shall apply.

ISTC-5223 Series Valves in Pairs.' If two check
valves are in a series configuration without provisions
to verify individualreverse flow closure fe.g keepfill pres
surization yalves) and the plant safety analysis assumes
closure of efther valve (but not both), the valve pair may be
operationally tested closed as a unit.

If the plaft safety analysis assumes that a specific valve
or both valyes of the pair close to perform the safety func-
tion(s), the|required valve(s) shall be tested to demon-
strate indiyidual valve closure.

ISTC-5p24 Corrective Action. If a check valve fails to
exhibit the fequired change of obturator position, it shall
be declarefl inoperable. A retest showing acceptable
performande shall be run following any required correc-
tive action pefore the valve is returned to service.

Check valves in a sample disassembly program that are
not capabld of full-stroke movement (i.e., due to binding)
or have fail¢d or have unacceptably degraded valve inter-
nals, shall have the cause of failure analyzed and the condi-
tion correctled. Other check valvesin the sample group that
may also bg¢ affected by this failure mechanism shall be
examined ¢r tested during the same refueling outage
to determine the condition of internal components and
their abiliéI to function.'*

Series vallve pairs tested as a unit in accordanee with
ISTC-5223|that fail to prevent reverse flow shall be
declared ioperable, and both valves shall be either
repaired o1 replaced.

ISTC-5230 Vacuum Breaker Valves. Vacuum breakers
shall meet fhe applicable inservice-test requirements of
ISTC-5220 pnd Division 1, Mandatory Appendix I.

ISTC-5240 Safety and-Relief Valves. Safety and relief
valves shal]l meet thelinsService test requirements of
Division 1, [Mandatéry, Appendix I.

ISTC-5250 Rupture Disks. Rupture disks shall meet
the requirements for nonreclosing pressure relief

ASME OM-2020

ISTC-5260 Explosively Actuated Valves

(a) A record of the service life of each charge in each
valve shall be maintained. This record shall include the
date of manufacture, batch number, installation date,
and the date when service life expires based on manufac-
turer’s recommendations. In no case shall the service life
exceed 10 yr.

(b) Concurrentwiththe firsttestand atleastonce every
2yr, the service life records of each valve shall be reviewed
i iceli otbeen
e next
refueling. The Owner shall take appropriate lactions to
ensure charge service lives are not exceéded.

(c) Atleast 20% of the charges in explosively a
valves shall be fired and replaced atleast once every 2 yr. If
a charge fails to fire, all chargés’ with the sam¢ batch
number shall be removed,.‘discarded, and replaced
with charges from a different‘batch.

(d) Replacement chafges shall be from batchg
which a sample charge'shall have been tested sat
rily and with a service life such that the requiren
(b) are met.

(e) In addition to the requirements specified in
Table ISFC/3500-1 (including requirements in
ISTC-5260), post-2000 plants shall satisfy the fol]lowing
requirements for explosively actuated valvef after
commencement of commercial operation:

(1) Atleastonce 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 contarhinants
within the internal mechanism that could potg¢ntially
interfere with the function of the valve shall be
removed, and their presence shall be evaluated tq deter-
mine the impact on the operational readiness of the valve
and its actuator.

(-c) This examination shall include verification of
the initial operating position of the internal acfuating
mechanism.

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

(2) At least once every 2 yr, one valve of e3
shall be disassembled for internal examination of th

Ctuated

s from
sfacto-
ents of

indica-

ch size
evalve

devices of Division 1, Mandatory Appendix 1.

101STC-5223 is only applicable to pre-2000 plants whose construction
permit was issued January 1, 2000, or earlier.

11 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.

26

and actuator.

(-a) This examination will verify the operational
readiness of the valve assembly by evaluating the internal
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.
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(3) For the valves selected in the test sample for (c),
the operational readiness of the actuation logic and asso-
ciated electrical circuits must be verified for each sampled
valve following removal of its charge. This verification
mustinclude confirmation that sufficient electrical param-
eters (voltage, current, resistance) are available for each
actuation circuit.

(4) For the valves selected in the test sample for (c),
the sampling must select at least one explosively actuated
valve from each redundant safety train every 2 yr. Each

DIVISION 1, Subsection ISTC

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

ISTC-9110 Valve Records. The Owner shall maintain a
record that shall include the following for each valve

sampled pyrotechnic charge shall be tested in the valve or

a qualified test fixture to confirm the capability of the

charge¢ to provide the necessary motive force to

operatle the valve to perform its intended function

withouf damage to the valve body or connected piping.
(5) Corrective action shall be taken in accordance

with the Owner’s corrective action requirements to

resolved any deficiencies identified.

(-a) during examinations with postmaintenance

conducted in accordance with ISTC-3100(d)

(-b) in the capability of a pyrotechnic charge in

ince with ISTC-3100(d) or

(-c) in the actuation logic or associated electrical

testing

accord

circuity
(6] If deficiencies are identified that would prevent
specifi¢d operation, the valve shall be declared inoperable

in accordance with the Owner’s requirements. Deficien-
cies shill be addressed for other explosively actuated
valves,[such as by internal examination or pyrotechnie
charge|and circuitry testing, as applicable, with appro-
priate fctions based on those findings. Postmaintenance
testing shall be conducted in accordange with
ISTC-3100(d).

ISTC-6000 MONITORING, ANALYSIS, AND

EVALUATION

To be provided at a later date:

TOVered by this-Subsection:

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

(b) a copy or summary of the manufactu
tance test report if available

(c) preservice test results

(d) limiting value of full;stroke time specified in
ISTC-5113(b), ISTC-514%(h), and ISTC-5151(b)

ISTC-9120 Record of Tests. See ISTA-923(0.

ISTC-9130 Record of Corrective A¢tion. See
ISTA-9240.

model and

Fer’s accep-

ISTC-9200 Test Plans

Incaddition to the requirements of ISTA-3110, the
Ownter shall maintain a record of test planp that shall
include the following:

(a) category of each valve

(b) justification for deferral of stroke testi
dance with ISTC-3520

(c) details and bases of the check valve sample disas-
sembly examination program, such as groupinp character-
istics, frequency, and justification for not pefforming an
exercise test to atleast a partially open positioh after reas-
sembly or periodic exercising in accordance with
ISTC-3520

(d) bases for testing series check valve pairf as a unitin
accordance with ISTC-5223

(e) valves that have no test requirements
included in test and examination plans

ng in accor-

heed not be
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Subsection ISTD
Preservice and Inservice Requirements for Dynamic Restraints
(Snubbers) in Water-Cooled Reactor Nuclear Power Plants

ISTD-100Q INTRODUCTION accordance with the applicable requiremgnts of
ISTD-5120 before returning to service. Additionally,
ISTD-1100 Applicability the requirements of ISTD-4110 shall be:met. The require-

ments selected shall ensure that the ‘parameters that may
have been affected are verified tobeacceptable by quitable
examination and tests.”

The requirements of this Subsection apply to certain
dynamic reftraints (snubbers, pin to pin, inclusive).

ISTD-111p Exclusions. Examination of support struc- - .
tures and attachments is outside the scope of this Code, ISTD-1600 Snubber Modification and
except for gxaminations required for evaluation in accor- Replacement

: 1
dance with|ISTD-1800. Snubber repaitand replacement activities shall be

ISTD-140d Owner’s Responsibility performed imaceordance with ASME BPVC, Section XI,
as applicable.

ISTD-1610 Suitability. Replacement or m¢dified
snubber(s) shall have a proven suitability for the gpplica-
tien*and environment.

It is the Pwner’s responsibility to meet all applicable
requiremer]ts of Subsection ISTA and

(a) mak¢ available design and operating information
necessary for the performance of the examination and
testing program. Nonmandatory Appendix C contains a ISTD-1620 Examination and Testing. Replacement or
list of typidal information that may be useful. modified snubbers shall be examined and tested iy accor-

(b) identify and maintain a list of each snubber to-be  dance with written procedures. The applicable require-
examined, fested, and included in service life monitoring ments of ISTD-4100, ISTD-4200, ISTD-520/0, and

in accordarjce with the rules of this Subsection. ISTD-5500 shall be included in these procedures. [The re-
(c) specify acceptance criteria for examination and  quirements selected shall ensure that the critleria of
testing. ISTD-4110, ISTD-4230, and ISTD-5210 can be saftisfied.

(d) identify affected systems, structures, and compo-
nents in agcordance with ISTD-1800 and ISTD-4100  ISTD-1700 Deletions of Unacceptable Snubbers

when the r¢quirements of those paragraphs are applica- Snubbers may be deleted from the plant based on

ble. analysis of the affected piping system. When an unpccept-
ISTD-150d Snubber Maintenance or Repair able snubber is deleted, the deleted snubber shall never-
theless be considered in its respective examjnation

Snubber repair activities shall be performed in accor- popu]ation‘ examination category, or failurd mode

dance with|SectiofnXI' of the ASME Boiler and Pressure group (FMG) for determining the corrective actipn.
Vessel Cod¢, as_applicable.

ISTD-1750 Transient Dynamic Event. If an u

ISTD-15 3 : Repair B : sated—transient-dvnamic-event-that-mav—affe ubber
tion or Testing. Snubbers shall not be adjusted, main-  operational readiness occurs and is identified outside
tained, or repaired before an examination or test  the scope and performance of ISTD-4200 or

specifically to meet the examination or test requirements. ISTD-5200, then the affected snubbers and systems
ISTD-1520 Post-Maintenance or Repair Examination -
and Testing. Snubbers that are maintained or repaired by 2Examples of parts and activities that can affect the test results of
. . ISTD-5120 are as follows:
removing or adjusting a snubber part that can affect the

(a) mechanical or hydraulic snubber internal moving parts
results of tests required by ISTD-5120 shall be tested in (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 cyl-
! Examination requirements for support structures and attachments inder or the control valve of a hydraulic snubber
can be found in Section XI of the ASME Boiler and Pressure Vessel Code. (d) hydraulic control valve adjustment
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shall be reviewed and any appropriate corrective action
taken. Any action so taken shall be considered indepen-
dent of the requirements of ISTD-4200 and ISTD-5200.

ISTD-1800 Evaluation of Affected Systems,
Structures, and Components

When a snubber is determined to be unacceptable, it is
the owner’s responsibility to identify the extent to which
any systems, structures, or components may be affected
performed to determine potential effects and any required
correctiive actions.

oh.-An-e on na be

ISTD-2000 DEFINITIONS

The following list of definitions is provided to ensure a
uniforrh understanding of selected terms as used in this
Subsection.

activatfon: the change of condition from passive to active,
in whi¢h the snubber resists rapid displacement of the
attachdd pipe or component.

applicdtion-induced failures: failures resulting from envi-
ronmental conditions or application of the snubber for
which |t has not been designed or qualified.

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

design pr manufacturing failure: failures resulting from a
potential defect in manufacturing or design that give cause
to suspct other similar snubbers. This includes failures of
any snfibber that fails to withstand the environment or
application for which it was designed.

diagnofstic testing: testing to determine the cause or
mechapism associated with failure;degradation, or
perforthance anomaly of a snubber:

drag folce: the force that will sustain low-velocity snubber
movenjent without activation throughout the working
range ¢f the snubber stroke,

failure mode group (FMG): a group of snubbers that have
failed and those othér snubbers that have similar potential
for sinfilar failuré:

fuel cygle: time period beginning with the start of the
reactor untiD the completion of the next refuel outage
and supsequent restart.

DIVISION 1, Subsection ISTD

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 compo-
nents.

normal operating conditions: operating conditions during
reactor startup, operating at power, hot standby, reactor

operating temperature: the temperature of-the environ-
ment surrounding a snubber at its installed plant location
during the phase of plant operation for which the snubber
is required.
operational readiness testingZmeasurement of the param-
eters that verify snubber<eperational readingss.

release rate: the rate ofithe’axial snubber movement under
a specified load afteractivation of the snubberftakes place.

replacement snibber: any snubber other than the snubber
immediately. previously installed at a given location.

service life; the period of time a snubber is
meet the operational readiness requirem
installed location without maintenance.

bxpected to
ents at its

service life monitoring: the ongoing actions necessary to
provide reasonable assurance a snubber will [continue to
meet operational readiness requirements. These actions
address the reevaluation of initial predicted|service life
values and typically include applicable itemg such as

(a) use of test and visual examination regults

(b) failure or degradation cause analysis

(c¢) manufacturer’s recommendations

(d) maintenance practices

(e) evaluation of environmental factors coifresponding
to a snubber location

service life population: those snubbers for which the same
service life has been established.

successful test campaign: campaign completed without
having to test the entire defined test glan group
(DTPG) population.

swing clearance: the movement envelope withjn which the
snubber must operate without restriction, frpm the cold
installed position to the hot operating position.

hydraulic snubbers: dynamic restraint devices in which
load is transmitted through a hydraulic fluid.

inaccessible snubbers: snubbers that are in a high radiation
area or other conditions that would render it impractical
for the snubbers to be examined/tested under normal
plant operating conditions without exposing plant person-
nel to undue hazards.

29

test campaign: the series of actions required to complete
the testing of DTPG samples per ISTD-5200, ISTD-5300,
and ISTD-5400, as applicable.

test interval: the period between completed test
campaigns for a given DTPG.

test temperature: the temperature of the environment
surrounding the snubber at the time of the test.
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transient dynamic event failure: inability of a snubber to
perform its intended function due to an unanticipated
transient dynamic event.

unacceptable snubbers: snubbers that do not meet exam-
ination or testing requirements.

unanticipated transient dynamic event: any unforeseen or
unanalyzed event, such as (but not limited to) a steam
hammer, water hammer, void collapse, or seismic
event greater than design basis.

ASME OM-2020

design factors (fluid type, valve models, part numbers,
etc.) may be adjusted for newly identified design differ-
ences within a population when the changed criteria can
be shown to be more appropriate for the specific snubbers
involved.

ISTD-3300 General Service-Life Monitoring
Requirements

Service life of snubbers shall be established and moni-
taored pnr ISTD-A000

unexplained failure: failure for which the cause has not

been deterfoined ISTD-4000 SPECIFIC EXAMINATION
ISTD-3000 GENERAL REQUIREMENTS REQUIREMENTS
ISTD-3100 General Examination Requirements ISTD-4100 Preservice Examination

The following requirements apply to both the preser-
vice and infervice examination programs.

ISTD-3110 Examination Boundary. The examination
boundarie§ shall include the snubber assembly from
pin to pin, |nclusive.

ISTD-3120 Visual Examination. Snubbers shall be
visually exgmined as specified in ISTD-4000.

ISTD-320¢

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

ISTD-32]0 Operational Readiness Testing Loads.
Snubbers ghall be tested at a load sufficient to verify
the test pafameters specified in ISTD-5100, ISTD-5200,
and ISTD-3300, or ISTD-5400 and ISTD-5500. Testing
at less than|rated load must be correlated to-test param-
eters at rated load.

ISTD-3220 Test Correction Factors. This Subsection
recognizes|that there may be difféerénces between the
installed operating conditions, @nd the conditions under
which a srqubber is tested™In' such cases, correction
factors shal| be established'and test results shall be corre-

General Testing Requirements

ISTD-4110 Preservice Examination Requirements. An
initial preservice examinatiémshall be performed on all
snubbers prior to or duringgnitial plant startup. Fgr snub-
bers placed in new or modified systems, preservic¢ exam-
inations shall be perfermed prior to declaring the gffected
systems, structuses,/or components to be operable.

For operating'plants implementing Subsectiop ISTD,
these requirements are not applicable if preservic¢ exam-
inations have previously been performed.

If asnew snubber location is added to an existing piping
systém and determined to not require thermal moyement
ot’swing clearance verification per ISTD-4130 through
ISTD-4133, it shall still require preservice examjfination
in accordance with ISTD-4110 at a minimum.

Typical items to be considered are listted in
Division 1, Nonmandatory Appendix B. The initial preser-
vice examination shall, as a minimum, verify the following:

(a) No visible signs of damage or impaired operational
readiness exist as a result of storage, handling, or ihstalla-
tion.

(b) The snubber load rating, location, orientation, posi-
tion setting, and configuration (e.g., attachments and
extensions) are in accordance with design drhwings
and specifications. Installation records (based on ghysical
examinations) of verification that the snubbers were

lated to opgrating conditions, as appropriate. installed according to the design drawings and specifica-
ISTD-3230 Snubbef Test Parameters and Methods. tions shall be acceptable in meeting this requirement.
Guidelineg forzestablishing snubber functional test (c) Adequate swing clearance is provided t¢ allow
methods arp §ivén in Division 1, Nonmandatory Appendix ~ Shubber movement.
{tHapplicablefluidisatthe recommendeddevel, and

H, Test Parameters and Methods.

ISTD-3240 Test Acceptance Criteria. The Owner shall
establish and document test acceptance criteria for each
applicable preservice and inservice test parameter speci-
fied in ISTD-5120 and ISTD-5210. Snubbers not meeting
the established criteria shall be considered unacceptable
in accordance with ISTD-5320 and ISTD-5420. Criteria
shall be established prior to initiation of a test campaign
and shall not be revised for the duration of that test
campaign. However, criteria that is based upon specific

30

fluid is not leaking from the snubber system.

(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 preoperational
test exceeds 6 months, reexamination shall be performed
in accordance with ISTD-4110(a), ISTD-4110(d), and
ISTD-4110(e). This reexamination may be accomplished
in conjunction with ISTD-4130.

(20)
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ISTD-4130 Preservice Thermal Movement Examina-
tion Requirements. Snubber thermal movement shall
be verified as indicated in ISTD-4131 through
ISTD-4133. For operating plants, the requirements of
ISTD-4130 through ISTD-4133 are not applicable for re-
placement, repaired, or modified snubbers.

ISTD-4131 Incremental Movement Verification.
During system heatup and cooldown at temperature
plateaus specified by the Owner, record the thermal move-

DIVISION 1, Subsection ISTD

(b) The decision to categorize the snubbers as one
population or as separate populations may be made
during or after the examination.

(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.
Snubber installations shall meet all of the requirements
of ISTD-4231 through ISTD-4233.

ers shall be
movement

b evaluated

ment. Jorifu that the snubber movement during the
7 ST °. ISTD-4231 Restrained Movement. SnubH
thermdl movement examination is within the design- . L
. . . . - ; installed so they are capable of restraining|
specifipd range. Any discrepancies or inconsistencies . N . .
. when activated. Examinations shall include opservations
shall bp evaluated to determine the movement accept- . "
. . e for the following and the conditions shall b
ability pefore proceeding to the next specified plateau.
when found:
ISTD-4132 Swing Clearance. Verify that swing clear- (a) loose fasteners, or members that are

ance exists at specified heatup and cooldown plateaus.

IST
thermd

[D-4133 Total Movement Verification. The total
1 movement from cold to hot at full operating
tempefature shall be recorded. This value may be
measufed directly if maximum operating temperature
was attained, or it may be extrapolated from lower
tempefature readings. The cold or hot position setting
shall bp evaluated and adjusted if necessary, to ensure
adequate snubber clearance from fully extended or
retractgd positions.

ISTD-4140 Preservice Examination Corrective Action.
Snubbdrs that are installed incorrectly or otherwise fail te
meet the requirements of ISTD-4110 shall be installed
correcily, adjusted, repaired, or replaced. The jnstalla-
tion-co¢rrected, adjusted, repaired, or replacement
snubb¢r shall be examined in accordance-with, and
shall meet the requirements of ISTD-4110, Also, replace-
ment spubbers shall meet the requirements of ISTD-5120.

ISTD-4200 Inservice Examination

Snubbers shall be visually‘examined on the required
schedufle and evaluated to.determine their operational
readingss.

ISTD-4210 Method’and Objective. Inservice examina-
tion shall be advisual examination to identify physical
damagp, leakage, corrosion, or degradation that may
have bpen*caused by environmental exposure or oper-
ating cbnditions. External characteristics that may indi-

orroded or
deformed
(b) disconnected conip@nents or other conditions that
might interfere with the proper restraint of movement
Snubbers evaluated to be incapable of festraining
movement shallbe classified unacceptable.

ISTD-4232 Thermal Movement. Snubber installa-
tions shallnot restrain thermal movement to an extent
that unacceptable stresses could develop in the
snubber, the pipe, or other equipmenjt that the
shubber is designed to protect or restrain. This require-
ment is satisfied if no indication of binding, misalignment,
or deformation of the snubber is observed.

ISTD-4233 Design-Specific Characterigtics. Snub-
bers shall be free of defects that may be generic to par-
ticular designs as may be detected by visual ekamination.
For example, fluid supply or content for hydfaulic snub-
bers shall be observed. An observation that the fluid level
is equal to or greater than the minimum specified amount
that is sufficient for actuation at its operating pxtension is
considered to satisfy this requirement. If the(fluid is less
than the minimum amount, the installation shall be iden-
tified as unacceptable, unless a test establishes that the
performance of the snubber is within specjfied limits.
Tests shall be performed in accordance with|ISTD-5210.

ISTD-4240 Operational Readiness Test Eyaluation. A
snubber that requires further evaluation or is flassified as
unacceptable during inservice examination mpy be tested
in accordance with the requirements of |STD-5210.

cate operational readiness of the snubber shall be
examined. An examination checklist shall be used.
Typical items are listed in Division 1, Nonmandatory
Appendix B.

ISTD-4220 Snubber Categorization

(a) Allofthe snubbers shall be categorized as one popu-
lation for examination or they may be categorized as
accessible and inaccessible populations.
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Results that satisfy the operational readiness test criteria
of ISTD-5210 shall be used to accept 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 months after attaining 5% reactor power operation
and shall be completed by the end of first refueling outage.
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The initial interval shall not extend longer than 24 months
after attaining 5% reactor power operation.

ISTD-4252 Subsequent Examination Intervals

(a) Subsequent examination intervals shall begin at the
end of the previous examination interval, and conclude 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 dura-
tion.

ASME OM-2020

(a) activation is within the specified range of velocity or
acceleration in tension and in compression. For snubbers
that do not have an activation function, this parameter is
not applicable.

(b) releaserate, whenapplicable, is within the specified
range in tension and in compression. For units specifically
required not to displace under continuous load, ability of
the snubber to withstand load without displacement.

(c) for mechanical snubbers, drag force is within speci-
fied limits in tension and in compression.

(c) The duration of examination intervals following the
completior] of the second refueling outage shall be in
accordancq with Table ISTD-4252-1. Examples of the
applicatiop of Table ISTD-4252-1 are provided in
Division 1, Nonmandatory Appendix G.

(d) Whell examinations have been performed after the
first refueling outage in accordance with a schedule
requiremept other than those in Table ISTD-4252-1,
the intervallpreceding the most recently completed exam-
ination shall be used as the previous interval for the first
application|of Table ISTD-4252-1.

(e) Snubbers determined to be unacceptable based on
the visual ¢xamination acceptance criteria at any time
during the [interval shall be counted in determining the
subsequenf examination interval in accordance with
Table ISTD{4252-1.

ISTD-4260 Inservice Examination Sample Size. Inser-
vice examirjation of snubbers required by ISTD-4251 and
ISTD-4252 phall include all snubbers based either on the
whole poptilation or on the accessibility categories;.as

established|according to the provisions of ISTD-4220/

ISTD-427%0 Inservice Examination Failure Evaluation.
Snubbers that do not meet examination requirements of
ISTD-4230 $hall be evaluated to determin€the'cause of the
unacceptability.

ISTD-4280 Inservice Examination-Corrective Action.
Unacceptablle snubbers shall be@adjusted, repaired, modi-
fied, or replaced. Additional«action regarding the exami-
nation inferval shallbe-taken as indicated in
Table ISTD{4252-1.

ISTD-500Q SPECIFIC TESTING REQUIREMENTS

ISTD-510Q Preservice Operational Readiness

(d) for hydraulic snubbers, if required to verify|
assembly, drag force is within specified limits)in
and in compression.

proper
fension

ISTD-5130 Preservice Operational'Readiness Jesting
Failures Corrective Action

ISTD-5131 Test Failure Evatuations. Snubbgrs that
fail the preservice operationalpeadiness test shall be eval-
uated for the cause(s) of fdilure(s).

ISTD-5132 Design Deficiency. If a design deficiency
in a snubber is found, it shall be corrected by changing the
design or specification, or by other appropriate means.

ISTD-5133 Other Deficiencies. Other deficjencies
shall be resolved by adjustment, modification, repair, re-
placemient, or other appropriate means.

ISTD-5134 Retest Requirements. Adjusted
fied, repaired, or replacement snubbers shall be
to meet the requirements of ISTD-5120.

modi-
tested

ISTD-5200 Inservice Operational Readiness
Testing

Snubbers shall be tested for operational reddiness
during each fuel cycle as defined in ISTD-524. Test
campaigns are required to be in accordance with & speci-
fied sampling plan as defined in ISTD-5260. Testing may
be performed during normal system operation, orfduring
system or plant outages. The Owner’s adminigtrative
procedures shall govern removing snubbers frorh oper-
able system(s).

ISTD-5210 Test Parameters. Snubber operptional
readiness tests shall verify the following:
(a) activation is within the specified range of velpcity or
acceleration in tension and in compression. For snqubbers

Testing

ISTD-5110 General. Preservice operational readiness
testing shall be performed on all snubbers. Testing
may be performed at the manufacturer’s facility.

ISTD-5120 Test Parameters. Tests shall verify the
following:
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that do not have an activation function, this parameter is
not applicable.

(b) releaserate, whenapplicable, is within the specified
range in tension and in compression. For units specifically
required not to displace under continuous load, ability of
the snubber to withstand load without displacement.

(c) for mechanical snubbers, drag force is within speci-
fied limits, in tension and in compression.
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Table ISTD-4252-1 Visual Examination Table

Population
or Category
[Note (1)]

Number of Unacceptable Snubbers

Column C for
Interval
Reduction to %
[Notes (2), [Notes (2), (4), [Notes (2), (5),

(3] (5] (6]

Column B for
Interval Same as
Previous

Column A for
Extended
Interval

80
100

15
20
30
40
50
75

2100

1 0 0 1
2
4

ISTD-5220 Test Methods
ISTD-5221 Testas Found. Snubbers shall

DIVISION 1, Subsection ISTD

be tested in

their 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 conditio

ISTD-5223 In-Place Test. Snubbers may

n.

be tested in

proved test

8
13
25
36
48
78

109

Ul W= O

12
18
24
40
56

=
0 U1 N Ol o

D 12
D 20
D 29

NOTES:

€

(2)

3

4)

()

(6)

Inte
nun
low
tion|
The
The

rpolation between population or category sizes and the
ber of unacceptable snubbers is permissible. The next
r integer shall be used when interpolation results in a frac-

basic interval shall be the normal fuel cycle up to 24 months.
examination interval may be as great as twice, the same, or as

smalll as fractions of the previous interval as required by the

foll
only
eve
sp

7]

wing notes. The examination interval may vary *+25%
to accommodate an extended outage or an unplanned
t during the examination interval. The +25% variance is
ifically not to be used to extend an examination for an addi+

tionpl refueling cycle.

Ifth
nun|
incr]
excq
Not
to t
If thi
Coly
ther
inte
If thi
Coly
ther
thir
with
to t
If thi
Coly

to twe

E number of unacceptable snubbers is equal to or less than'the
ber in Column A, then the next examination interval'imay be
ased to twice the previous examination interval, not to
ed 48 months [+25% of the current intervahas defined in
(2) above]. In that case, the next examination according
he previous interval may be skippeds
e number of unacceptable snubbers\exceeds the number in
mn A, but is equal to or less thanthe number in Column B,
the next visual examination shall be conducted at the same
Fval as the previous interyval.
e number of unacceptable/snubbers exceeds the number in
mn B, but is equal.tovor less than the number in Column C,
the next examination interval shall be decreased to two-
s of the previous examination interval or, in accordance
the interpolation between Columns B and C, in proportion
he exact number of unacceptable snubbers.
e number of unacceptable snubbers exceeds the number in
mirC;then the next examination interval shall be decreased

33

their installed location-byv using Owner-an
J o r

methods and equipment.

ISTD-5224 Bench Test. Snubbeyps‘\may
and bench tested in accordance with”"Own
procedures. After reinstallation;~the applica
ments of ISTD-4200 shall be met. Also, t}
setting shall be verified.

e removed
-approved
le require-
le position

ISTD-5225 Subcomponent Test. When shubber size,

test equipment limitations, or inaccessibility p
of methods in,/ISTD-5223 and ISTD-522
subcomponents that control the parameters t
shall be exdmined and tested in accordance
approved test methods. Reassembly shall 4
dance*with approved procedures that includ
cable’requirements of ISTD-4200. Service life
réquirements are specified in ISTD-6400.

revents use
t, snubber
be verified
yith Owner-
e in accor-
e the appli-
monitoring

ISTD-5226 Correlation of Indirect Measurements.
When test methods are used that either meagqure param-
eters indirectly, or measure parameters other than those

specified, the results shall be correlated with
rameters through established methods.

ecified pa-

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

tified and counted individually.

ISTD-5228 Fractional Sample Sizes.
sample sizes shall be rounded up to the nex|

ISTD-5240 Test Frequency. An insg
campaign shall be conducted every fuel cy
associated with each test campaign shal
earlier than 92 days before a scheduled
outage and shall be completed prior to cof
that refueling outage.

Fractional
t integer.

rvice test
Cle. Testing
| begin no

refueling
mpletion of

ISTD-5251 DTPGs General Requirement.

D G)

The DTPGs

shall include all snubbers except replacement snubbers
and snubbers repaired or adjusted as a result of not
meeting the examination acceptance requirements of
ISTD-4200. These snubbers shall be exempt for the
concurrent test interval.

ISTD-5252 DTPG Alternatives. Exceptas required by
ISTD-5253, the total snubber population may be consid-
ered one DTPG, or alternatively, differences in design,

(20)
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application, size, or type may be considered in establishing
DTPGs. DTPGs shall not be changed after initiating a test
campaign.

ISTD-5253 Additional DTPG Requirements for Pres-
surized Water Reactors. Snubbers attached to the steam
generator and snubbers attached to the reactor coolant
pump shall be at least one, separate DTPG.

ISTD-5260 Testing Sample Plans

ASME OM-2020

certain snubbers, the number of those unacceptable snub-
bers shall be used in determining testing in the FMG in
accordance with ISTD-5320 and ISTD-5330, or
ISTD-5420 and ISTD-5430. However, those snubbers
shall be counted only in the value of N of
ISTD-5331(a) or ISTD-5431(a) as completed tests in
the DTPG.

(b) When snubbers have been found to be acceptable
when tested as part of DTPG test requirements and subse-
quent evaluation establishes an FMG that would include

ISTD' mno. TIIU bllu‘UbClb Uf Edl,‘ll

DTPG shall|be tested using either of the following:

(a) the 10% testing sample plan

(b) the 37 testing sample plan

Division|1, Nonmandatory Appendix D includes a
comparison} of sample plans. Snubber testing plans are
presented in flowchart form in Division 1,
Nonmandafory Appendix E.

ISTD-3262 Plan Selection. A test plan shall be
selected for each DTPG before the scheduled test
campaign Hegins.

ISTD-5263 Plan Application. The test plan selected
for a DTPG s$hall be used throughout the test campaign for
that DTPG |and any failure mode group (FMG) that is
derived from it.

ISTD-52f0 Continued Testing. For unacceptable
snubber(s)| the additional testing shall continue in the
DTPG or FMG per ISTD-5330 or ISTD-5430.

ISTD-5271 Test Failure Evaluation. Snubbers thatdo
not meet tdst requirements specified in ISTD-5210.shall
be evaluatdd to determine the cause of the failure

(a) The ¢valuation shall include review of information
related to ofher unacceptable snubbers found-during that
test campaign.

(b) The gvaluation results should be used, if applicable,
to determinje FMGs to which snubbers may be assigned.
Evaluation |nformation may bedised to assign previously
unexplained unacceptable snubbers to an appropriate
FMG.

ISTD-3272 FMGs-~Snubbers found unacceptable
according fo operdtional readiness test requirements
may be assignedto.FMGs. FMGs shall include all unaccept-
able snubbersswith the same failure mode and all other

those snubbers, those snubbers shall not be counted in the
value of Np in ISTD-5331(b) or ISTD-5431(b] when
counting FMG tests.

(c) An FMG shall remain as definediuntil corfrective
action is complete.

ISTD-5274 Snubbersin MoreThan One FMG. When a
snubber is assigned to more‘than one FMQG, it ghall be
counted in each of those EMGs and shall be incliided in
corrective action for ea¢h of those FMGs.

ISTD-5275 Additional FMG Review. After fthe re-
quirements of JSTD-5250, ISTD-5260, ISTD}5270,
ISTD-5320, and.ISTD-5420 are satisfied for a| DTPG,
any separaterand additional FMG review or testing
does notrequire additional tests in the DTPG.

ISTD=5280 Corrective Action. Unacceptable srjubbers
shall*be adjusted, repaired, modified, or replac¢d. The
provisions of ISTD-1620 and ISTD-1700 also apply. Snub-
bers that do not meet the test requirements of ISTP-5210
shall be tested in accordance with ISTD-5820 or
ISTD-5420, as applicable.

ISTD-5300 The 10% Testing Sample

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

ISTD-5311 Initial Sample Size and Compositipn. The
initial sample shall be 10% of the DTPG, composed
according to either (a) or (b).

(a) As practicable, the sample shall include re
tation from the DTPG based on the significant featu
the various designs, configurations, operating e
ments, sizes, and capacities) and based on the
the number of snubbers of each significant feaf
the total number of snubbers in the DTPG. Sele

ample

bresen-
res (i.e.,
hviron-
atio of
ure, to
tion of

snubbers with—simitar pULcuLid‘L forstmitarfatture—The
following FMGs should be considered:

(a) design or manufacturing

(b) application induced

(c) maintenance, repair, or installation

(d) transient dynamic event

ISTD-5273 FMG Boundaries

(a) When snubbers have been tested as a part of DTPG
test requirements and found to be unacceptable, and
evaluation establishes an FMG based on the failure of
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the Tepresentative stubbers siratt-be Tamdont:

(b) The sample shall be generally representative as
specified in (a), but may also be selected from snubbers
concurrently scheduled for seal replacement or other
similar activity related to service life monitoring. The
snubbers shall be tested on a generally rotational basis
to coincide with the service life monitoring activity.

ISTD-5312 Additional Sample Size. When additional
samples are required by ISTD-5320, they shall be at least
one-half the size of the initial sample from that DTPG.
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ISTD-5313 Additional DTPG Sample Composition.
When an unacceptable snubber has not been assigned
to an FMG, the additional sample required by
ISTD-5320 shall be taken from the DTPG. As practicable,
the additional sample shall include the following:

(a) snubbers of the same manufacturer’s design

(b) snubbers immediately adjacent to those found un-
acceptable

(c) snubbers from the same piping system

(d) snubbers from other piping systems that have

DIVISION 1, Subsection ISTD

(a) for each DTPG
N> A + C(B)

where
A = initial sample size
= 0.1n (rounded up to the next integer)
B = A/2 (rounded up to the next integer)
C = total number of unacceptable snubbers found in
the DTPG (excluding those counted for FMG tests)
N _= totalnumber of snubbers tested that were selected

similaf operating conditions such as temperature,
humidilty, vibration, and radiation
(e) gnubbers that are previously untested

ISTD-5314 FMG Sample Composition. When

Testin

determlined to be operationally ready by stroking remain
eligibld for selection and tests for other appropriate. FMGs
and the DTPG in accordance with ISTD=5313 and
ISTD-5B14. However, snubbers that are determined to
be opejrationally ready by testing shall\not be eligible
for such tests.

(b) Pther FMGs. Tests in each FMGshall be based both
on the[number of unacceptable sriubbers found in the
DTPG §nd determined by the evaluation of ISTD-5271
to be dppropriate for establishing the FMG, and on the
of unacceptablessnubbers subsequently found
in the MG. Testing shall continue until the mathematical
expression of ISTD-5331(b) is satisfied or all snubbers in
the FM{; have beén tested. Failures in an FMG shall require
additiopal tests within the FMG unless the failure evalua-
tion indicatés that an additional and separate FMG is

from the DTPG
n = number of snubbers in the DTRG

(b) for each FMG
N > Cg(B)

where

Cr = total number.of-unacceptable snubers in the

FMG, plus those found in the DTP{: and used

to establish’the FMG

Nr = all spubbers selected and tested frgm the FMG
aftér the FMG was established from|the DTPG

ISTD-5400 The 37 Testing Sample Pla

ISTD-5410 The 37 Testing Sample Plan, Sample Size,
and Composition

ISTD-5411 Initial Sample Size and Composition. An
initial sample of 37 snubbers shall be selected randomly
from each 37 plan DTPG.

ISTD-5412 Additional Sample Size. Whep additional
samples are required by ISTD-5420, the samples shall be
either 18 or 19 snubbers to satisfy the reqfiirement of
ISTD-5431.

ISTD-5413 Additional Sample Selection{ Additional
samples, if required, shall be selected randonjly from the
remaining population of the DTPG, or from untested snub-
bers 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 unpacceptable
snubbers shall determine additional samplg¢s in accor-

- £ L 1 £ 1
appropriatefor additiomattests fronr the DTPG:

ISTD-5330 The 10% Testing Sample Plan Comple-
tion. The snubbers of each DTPG and FMG shall be
tested as required. Testing is complete when the mathe-
matical expressions of ISTD-5331 are satisfied, or all snub-
bers in the DTPG or FMG have been tested.

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

dance with ISTD-5412. The additional samples shall be
selected randomly from the remaining untested snubbers
of the DTPG.

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

(a) Transient Dynamic Event FMG. The operational
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 appropriate FMGs
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Figure ISTD-5431-1 The 37 Testing Sample Plan

6
5 //
4 Continue testing region / /
o 3
2 / Accept region
1 //

ol ~

30 40 50 60 70

and the DTPG in accordance with ISTD-5413. However,
snubbers fhat are determined to be operationally
ready by tgsting shall not be eligible for such tests.

(b) Othdr FMGs. Tests in each FMG shall be based both
on the nunpber of unacceptable snubbers found.in. the
DTPG and fetermined by the evaluation of ISTD-5271
to be appr¢priate for establishing the FMG,%and on the
number of funacceptable snubbers subsequently found
in the FMG.|Testing shall continue untilthe-mathematical
expression pf ISTD-5431(b) is satisfied or all snubbers in
the FMG haye been tested. Failuresinan FMG shall require
additional tests within the FMGlunless the failure evalua-
tion indicafes that an additienal and separate FMG is
appropriat¢ for additional tests from the DTPG.

(c) Additional DTPG\Festing Requirements. A supple-
mental saple shall'be tested from the applicable
DTPG for each\*FMG established to satisfy
ISTD-5431(a)_Failures in a supplemental sample
require additi i i
evaluation indicates thatan additional FMG is appropriate.

ISTD-5430 The 37 Testing Sample Plan Completion.
The snubbers of each DTPG and FMG shall be tested as
required. Testing is complete when the mathematical
expressions of ISTD-5431 are satisfied, or all snubbers
in the DTPG or FMG have been tested.

ISTD-5431 Testing Plan Mathematical Expressions.
Testing shall satisfy the mathematical expressions as
follows:

80 90 100 110 120 13(

(@) for each DTPG
N > 36.49 + 18.18C (Figure ISTD-5431-1)

where
C = total number of unacceptable snubbers fgund in
the DTPG (excluding those counted in FM( tests),

plus one for each FMG established

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

(b) for each FMG requiring additional tests
Ng > 18.18C

where
Cr = total number of unacceptable snubberq in the
FMG, plus those found in the DTPG anjd used

to establish the FMG

Nr = all snubbers selected and tested after tlhe FMG

ISTD-5500 Retests of Previously Unacceptable
Snubbers

Snubbers placed in the same location as snubbers that
failed during the previous test campaign shall be retested
at the time of the subsequent test campaign unless the
cause of the failure is clearly established and corrected
so as to preclude reoccurrence. Any retest in accordance
with this paragraph shall not be considered a part of the
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test campaign sample selection requirements of
ISTD-5200, ISTD-5300, or ISTD-5400. In addition, failures
found by these retests shall not require additional testing
in accordance with ISTD-5320 or ISTD-5420, but shall be
evaluated for appropriate corrective action.

ISTD-6000 SERVICE LIFE MONITORING
REQUIREMENTS

ISTD-6100 Initial Service Life

DIVISION 1, Subsection ISTD

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

Rod

The service life evaluation, for hydraulic snubbers that

are tested without applying a load to the snu
rod, shall consider the results of the followi
ments:

bber piston
ng require-

(a) monitoring the particulate, viscosity, and moisture

Initial predicted snubber service life shall be estab-
lished [based on the manufacturer’s recommendation
and repiew of actual and expected service conditions
corresponding to a snubber location. Typical factors
affecting service life are addressed in Division 1,
Nonmandatory Appendix F.

ISTD-

The kervice life for each installed snubber shall be
reevalyated at least once each fuel cycle for continued
acceptpbility and adjusted if required based on the
review of new information related to service life
where [applicable. Examples of such new information
includq test results; changes to system operating condi-
tions, environment, or previous service conditions; visual
examination results; seal life evaluations; failure and
degradption cause analyses; and miscellaneous activities;
such a§ manual exercising, regreasing, seal replacement;
and flufid addition.

Based on the results of this review, the servicelife of
each srjubber, at its installed location, shall be‘increased,
decreased, or left unchanged.

Completion of this reevaluation shall bexdocumented in
accordance with ISTD-9500.

If anjy snubber’s reevaluated(service life will be
exceeded before the next scheéduled system or plant
outagd, one of the followifig)actions shall be taken
prior tp the end of that siubber’s service life:

(a) The snubber shall'be replaced with a snubber for
which the service lifewill not be exceeded before the next
schedufed system-or-plant outage.

(b) Technical justification for ensuring continued
operatjonal.feadiness shall be documented for extending

200 Service Life Reevaluation

service life is extended to or beyond the next scheduled
system or plant outage.

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.

37

content of one or more samples of hydraulicifiid from the

main cylinder of the snubber. This may be‘ag
using snubbers of the same design in,a_simi
severe environment.

(b) monitoring of piston sealspiston rod s
inder seal integrity. If seal integrity is monito
surization, pressures less than the snubber’s
pressure may be used.-Minimum pressu
shall be specified by thie Owner.

complished
ar or more

bal, and cyl-
ed by pres-
rated load
re allowed

ISTD-6500 Testing for Service Life Monitoring

Purposes

If testing i conducted specifically for servi
toring‘purposes, the results of such testing do
testing of additional snubbers in accord
ISTD-5320 or ISTD-5420, but shall be evaluate
priate corrective action.

ISTD-7000 TO BE PROVIDED AT A LAT
ISTD-8000 TO BE PROVIDED AT A LAT|

ISTD-9000 RECORDS AND REPORTS
ISTD-9100 Snubber Records

The Owner shall maintain records that shal
following for each snubber covered by this §
(a) the name of the manufacturer, and th

e life moni-
not require
ance with
d for appro-

FR DATE

ER DATE

include the
ubsection:
e manufac-

turer’s model and serial numbers or other uniique identi-

fication number
(b) a copy or summary of the manufactu

er’s accep-

tance test report, preservice test report, or current inser-
vice test report

In addition to the applicable requir

ements of

ISTA-3110, the Owner shall maintain a record of exami-
nation plans (accessible or inaccessible snubbers) and test
plans (entire population or DTPGs) for all the snubbers.

ISTD-9300 Record of Tests

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

(b) Records of predicted service life of all snubbers and
service life reevaluations shall be maintained.

ISTD-9400 Record of Corrective Action
See ISTA-9240.

ASME OM-2020

ISTD-9500 Service Life Records

The following records shall be maintained for each
installed snubber:

(a) current service life

(b) basis for current service life

(c) initial installation date at current location

(d) test, examination, and maintenance history
(including any failure/degradation history)

(e) corrective actions required to address service life

TSSTUCS
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Subsection ISTE
Risk-Informed Inservice Testing of Components in Water-Cooled
Reactor Nuclear Power Plants

DIVISION 1, Subsection ISTE

Valves
ISTE-5
ISTC.

ISTE-2

The
standir
aggreg
the IST
interva
basic e
furthen
tion ha

ply, except as identified in Subsection ISTE.
for which test requirements are not specified in
00 shall be tested in accordance with-Siibsection

000 SUPPLEMENTAL DEFRINITIONS

ollowing are provided to,ensure a uniform under-
g of selected terms used-in this Subsection.

te risk: the risk due to programmatic changes in
program (test méethod effectiveness and/or testing
) as measured by CDF or LERF.

ent: an eyentin a fault tree model that requires no
development, because appropriate limit of resolu-
s been reached.

commd

n ‘cause failure (CCF): a failure of two or more

core damage frequency (CDF): expected\nam
damage events per unit of time. (A Level 1 PR
accident sequences that can leadte: core darj
lates the frequency of each sequence, and
frequencies to obtain CDF.}

decision criteria: the quantitative and qualitd

ber of core
A identifies
hage, calcu-
sums those

tive factors

that influence a decision: These include both quantitative

screening criteria (for PRA model) and the e
other qualitative/(or deterministic) factors th
the results ef\an application.

defense in'depth: considerations in an RI-IST P
are mdintained by consideration of CCF modeg
tionCof appropriate failure modes, consid
miultiple risk metrics including CDF and LERH
tion of test strategies, and assessment of agg

Expert Panel: the team of experts responsible
izing affected components as either HSSCs o

figures-of-merit: the quantitative value, obta
PRA analysis, used to evaluate the results of an|
(e.g., CDF or LERF).

Fussell-Vesely (F-V) Importance Measure: for
basic event, Fussell-Vesely importance is th
contribution to the total of the selected figy
for all accident sequences containing that b4

high safety significant components (HSSCs): ¢
that have been designated as more import3
safety by a blended process of PRA risk r
Plant Expert Panel evaluation.

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

yaluation of
at influence

rogram that
, considera-
leration of
considera-
regate risk.

for categor-
r LSSCs.

ned from a
application

a specified
e fractional
re of merit
sic event.

omponents
nt to plant
hnking and

ession that
non impor-

components during a short period of time as a result
of 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.

! Component safety categorization methodology and process may
result in additional components being included in the IST program,
since there may be components that are required for safe shutdown
and accident mitigation that are not ASME Code Classes 1, 2, and 3.
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nitiating event: a perturbation to the steady-state opera-
tion of the plant that challenges plant control and safety
systems whose failure could potentially lead to core
damage.

large early release: the rapid, unmitigated release of
airborne fission products from the containment to the en-
vironment occurring before the effective implementation
of off-site emergency response and protective actions
such there is a potential for early health effects.
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large early release frequency (LERF): expected number of
large early releases per unit of time. (A Level 2 PRA iden-
tifies accident sequences that can lead to radioactivity
release, calculates the frequency of each sequence, and
sums these frequencies to obtain LERF.)

living PRA: a plant-specific PRA that is maintained up to
date, such that plant modifications, plant operation
changes (including procedure changes), component
performance, and other technical information signifi-
cantly affecting the model are reflected in the model

ASME OM-2020

(Testing effectiveness can be determined by a type of
test that is nondestructive, does not remove the compo-
nent from service, identifies appropriate functional failure
modes, detects precursors to malfunction; and predicts
degradation leading to failure.)

truncation limits: the numerical cutoff value of probability
or frequency below which results are not retained in quan-
titative PRA model or used in subsequent calculations
(such limits can apply to accident sequences/cut sets,
system level cut sets, and sequence/cut set database

low safety
that have
safety by a
Expert Pan

PRA failure

bignificant components (LSSCs): components
een designated as less important to plant
blended process of PRA insights and Plant
bl evaluation.

rate: the conditional probability of failure of a
component{on the next demand (for standby component)
or in the next hour of operation (for operating compo-
nent), given that it has not already failed.

probabilistif risk assessment (PRA): a qualitative and quan-
titative assgssment of the risk associated with plant opera-
tion and npaintenance that is measured in terms of
frequency pf occurrence of risk metrics, such as core
damage or fa radioactive material release and its effects
on the health of the public [also referred to as a probabil-
istic safety fassessment (PSA)]. In general the scope of a
PRA is divided into three categories: Level 1, Level 2, and
Level 3. A Level 1 maps from initiating events to plant
damage stdtes, including their aggregate, core damage.
Level 2 irjcludes Level 1 mapping from initiating
events to 1lelease categories (source term). A Level'3
includes L¢vel 2 and uses the source term of LLevel 2
to quantify| sequences, the most common of which are
health effeqts and property damage in terms\of cost.

risk achievepment worth (RAW): for a specified basic event,
the increasg in a selected figure of merit‘when an SSC is
assumed t¢ be unable to perfoymits function due to
testing, majntenance, or failure/Itis the ratio or interval
of the figurg¢ of merit, evaluated with the SSC’s basic event
probability|set to one, to_the-base case figure of merit.

risk significpince: importdnce of plant components, based
on their furjctions, dsing PRA methods only (i.e., without
deterministlic or.6ther qualitative information as might be
used by the Rlant Expert Panel).

safety margin: considerations in an R T Program sha
be maintained by performance criteria for the compo-
nents, Plant Expert Panel utilization, and monitoring/
trending/analysis/evaluation.

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

testing effectiveness: the ability of a test to determine key
performance attributes of a component without damaging
the component or adversely affecting plant safety.
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retention).

ISTE-3000 GENERAL REQUIREMENTS
ISTE-3100 Implementation

The requirements of this SubSection shall be
mented for all IST components'of the same type.
nent types are defined as

(a) centrifugal pumgps, including vertical line shaft
pumps

(b) positive displacement pumps

(c) motor-operated valves (MOVs)

(d) pneumatically operated valves (AOVs)

(e) check-valves (CVs)

Othertypes of components (e.g., manual valves, sole-
noid, valves, hydraulically operated valves, pressure
relief valves) shall be tested in accordance with|the re-
quirements of the applicable subsection.

imple-
Lompo-

ISTE-3200 Probabilistic Risk Assessment

ISTE-3210 Plant-Specific PRA. The Owner is fespon-
sible for demonstrating the technical adequacy of the PRA
used as the basis to perform component risk rankipg. PRA
technical adequacy shall be assessed against ASME/ANS
RA-S-20087 or a set of acceptance criteria that is erJdorsed
by the regulatory agency having jurisdiction over the plant
site.

ISTE-3220 Living PRA. The PRA shall be mainta
to date.

ned up

ISTE-3300 Integrated Decision Making

ISTE-3310 Plant Expert Panel. A Plant Expent Panel
shall be designated to perform the blended safety pvalua-
L e ministic-engineerins infor-

mation for each component.

ISTE-3320 Integrated Effects. Components can be
affected by more than one risk-informed application
(e.g., risk-informed inservice testing, risk-informed inser-
vice inspection, graded quality assurance). Integrated
effects of multiple risk-informed applications (including

2 ASME/ANS RA-S-2008, with the RA-Sa-2009 Addenda, Standard for
Level 1/Large Early Release Frequency Probabilistic Risk Assessment for
Nuclear Power Plant Applications.
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risk-informed applications outside of the ASME scope)
shall be evaluated.

ISTE-3330 Determination of HSSC and LSSC. The
Plant Expert Panel shall evaluate each component and
categorizeitas HSSC or LSSC, using PRA quantitative infor-
mation (if component is modeled) and engineering quali-
tative information (for both modeled and not modeled
components).

ISTE-3400

Feedback and corrective action processes are required
elements of this Subsection as specified in ISTE-6200.

ISTE-4000 SPECIFIC COMPONENT

CATEGORIZATION REQUIREMENTS

In addition to requirements of ISTE-3000, the following
requir¢ments apply to component categorization into
HSSC gnd LSSC categories, and to an RI-IST program
based ¢n those categories.

ISTE-4
This

100 Component Risk Categorization

paragraph establishes requirements for separating
compohents into HSSC or LSSC categories,(performing
PRA sqnsitivity studies to ensure that assumptions in
the PRA\ are not masking the importance.of a component,
and defermining how to treat components not modeled.

ISTE-4110 Appropriate Failure Modes. Component

DIVISION 1, Subsection ISTE

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 compo-
nents that have initially very high or very low values, shall
be selectively increased and/or decreased to determine if
the results are sensitive to changes in the failure data. If

sensitivities are indicated, steps shall be taken to deter-

the failure probabilities included in the modl

(2) Human Recovery Actions. The PH
requantified, and the F-V and RAW importand
recalculated, after human actionsemodeled in|
recover from specific component failures, are|
the models (e.g., the probability,of successful r
to human intervention is‘adjusted by factor

(3) Test and Maintenance Unavailabiliti
models shall be requantified with test and nf
unavailabilities adjusted, and the importanc|
recalculated.

(4) LSSCFailure Rates. Failure rates for ¢
initially ranked LSSC shall be increased by a f:
senting the upper bound (95%) of the failure
PRA(models requantified. The importance me
then be recalculated.

(5) Truncation Limits. If the PRA has not]
tified with a truncation limit 10* below the H
CDF, the PRA model shall be requantified with
tion limit lowered to this value. The importan
shall then be recalculated.

(6) Common Cause. Sensitivity analyses §
to determine the impact of increased or
common cause failure rates. Importancs
shall then be recalculated.

(b) The results of these sensitivity studi

to validate
els.
LA shall be
e measures
the PRA, to
adjusted in
bcovery due
of 10).
es. The PRA
laintenance
e measures

omponents
hctor repre-
Fate and the
hsures shall

been quan-
aseline PRA
the trunca-
e measures

hall be used
decreased

measures

es and any

others that are performed shall be documented. In addi-

risk cafegorization shall be baséed on basic events that g E
includq failure modes repfesenting functions addressed '_clor_l tothe magmtude ofthe changes to the CDHor LERF' all
by ins¢rvice testing (&g pump failure to run, valve insights obtained .fro'm the results sha.ll' bg descrjlbed.
failure [to open, commé cause failure). The results and insights of these sensitivity ftudies shall
be provided to the Plant Expert Panel for their considera-
ISTE}4120 Importance Measures tion in the final categorization of the compopents.
(G) As aminimum, two importance measures, F-V and ISTE-4150 Qualitative Assessments. Qualitative
RAW, shallbe calculated for those components modeledin ~ assessments shall be performed for all LSS(s, modeled
the PR and not modeled in the DDA' to-determine whether

(b) Importance measures should be evaluated for both
CDF and LEREF, if available.

ISTE-4130 Screening Criteria. For those components
modeled in the PRA,

(a) athreshold value of F-V >0.005 or lower based on
either CDF or LERF should be initially considered as HSSC

(b) athreshold value of RAW >2 based on either CDF or
LERF should be initially considered as HSSC
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there are other bases for categorizing IST components.
(a) The following qualitative assessments shall be

performed:

(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


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

DIVISION 1, Subsection ISTE

(3) response to external initiating events (e.g.,
seismic, fire, high winds/tornadoes, flooding, etc.)
(4) impact of LEREF, if not used in ISTE-4120(b)
(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

ASME OM-2020

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 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

(3) preserve the reactor primary coolant pressure
boundary iptegrity
(4) mdintain containment integrity
(d) Qualjtative assessments shall also consider
(1) safety function being satisfied by the compo-
nent’s operption
(2) level of redundancy existing at the plant to fulfill
the component’s function
(3) abllity to recover from a failure of the component
(4) pefformance history of the component
(5) pldnt technical specifications requirements ap-
plicable to the component
(6) emergency operating procedure instructions
that use th¢ component(s)
(7) depign and current licensing basis information
relevant to|RI-IST component function
(e) The dqumulative impacts of combinations of compo-
nent unavallability, which could impact an entire system
(e.g., multi-frain impacts) or critical safety function (e.g.,
multi-system impacts), shall also be considered.
(f) Thesg qualitative assessments and the Plant Expert
Panel’s disposition of them shall be documented.
(g) Thesp qualitative assessments shall be available to
the Plant Expert Panel for their decision of‘component
safety categorization.

ISTE-4160 Components Not Modeled/If the failure of
an IST component(s) not modeled in the PRA is
determined by the Plant Expert-Panel to result in an
increase inf plant risk, consideration shall be given to
updating|the PRA m@del to incorporate the
component(s) and then using the updated model to
provide a fuantified\basis for categorization (either
HSSC or LS$C). If the'PRA model is not updated to incor-
porate thid component(s), the basis for excluding the
component(s)yfrom the PRA shall be documented in

considered. The scope of the PRA and depth of-pjjobabil-
istic analyses shall be assessed, evaluated{'and docu-
mented. As a minimum, the following shall be
documented:
(1) the level of plant specific PRAanalysis ayailable
for assessing the applicability of PRA‘information yelative
to IST programs. For example,\wfitten documeptation
shall describe the level of plant specific PRA analysis
such as Level 1 PRA (asSessment of core damage
frequency) and/or Level 2 PRA (assessment pf core
damage frequency plus containment performancg).
(2) scope ofiinitiating events considered (ipternal,
external, both).
(3) typical failure modes considered (e.g., hafdware
failures, testing/maintenance failures, common catise fail-
ures, a0d human errors).
(4) PRA scope for plant configurations (elg., low
power risk, shutdown risk, transition mode rjsk, at-
power risk) reviewed relative to the applicabjility of
PRA information and IST component function(s)
(b) Deterministic Insights. The Plant Expert Parjel shall
also consider deterministic factors when assessjiing the
safety significance of components within the s¢ope of
IST programs (see Division 1, Nonmandatory Agpendix
K for a sample list of deterministic considerations).

ISTE-4220 Plant Expert Panel Requirements

(a) PlantProcedure. An approved plant procedure shall
describe the process, including

(1) designated members and alternates
(2) designated chairperson and alternate
(3) quorum
(4) attendance records
(5) agendas
(6) motions for approval

the proceedings of the Plant Expert Panel.

ISTE-4200 Component Safety Categorization

This paragraph provides requirements for the Plant
Expert Panel’s review and evaluation process for categor-
izing IST components relative to their safety significance,
using both deterministic and probabilistic insights.

42

{7 process for decisiom making

(8) documentation and resolution of differing
opinions

(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
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methods and techniques used for this Subsection. At 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 judgment elicitation

DIVISION 1, Subsection ISTE

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 provide

justification and shall be documented.

Each| of the aforementioned topics shall be covered in
the indpctrination to the extent necessary to provide the
Plant Hxpert Panel with a level of knowledge needed to
adequdtely evaluate and approve the scope of the IST
selectipns, using both probabilistic and deterministic
information.

(c) Expertise. Member expertise levels shall be docu-
mented and maintained.

(d) [Membership

(1) There shall be at least five experts designated as
membgrs of the Plant Expert Panel. Members may be
expertg in more than one field; however, excessive reli-
ance oh any one member’s judgment shall be avoided.

(2) The chairperson shall be familiar with this
Subsection and shall facilitate Plant Expert Panel activ-
ities, tq ensure that the requirements of this Subsection
are satjsfied.

(3) Expertise in the following functions shall be
repres¢nted on the Plant Expert Panel:

(-a) operation
(-b) safety analysis engineering
(-c) probabilistic risk assessment
(-d) ASME inservice testing

Additional members of the Plaht Expert Panel
ve the following plant expertiSe,may be selected:
(-a) systems performance
(-b) maintenance
(-c) licensing
(-d) component pefformance
(-e) quality assurance
(-f) design engineering

Alternatemembers to the Plant Expert Panel may
bnated ohvatemporary basis; however, vacancies in
the Plapt Expert Panel membership should be filled within
a reas@nable period of time. Alternate members must

meet the-same rnqnivnmnnfc as pnrmqnnnf members

(4
who h4

5
be desi

ISTE-4300 Testing Strategy Formulatio

(a) Testing strategies for HSSCs ahd LSS
developed following the requiréments s
ISTE-5000.

(b) After testing strategieS.are developed,
changes (e.g., test frequency, testing effecti
out-of-service duratien).shall be provided f
the evaluation of aggregate risk.

ISTE-4400 Evaluation of Aggregate Risk

ISTE-4410 Decision Criteria

(a) ‘Appropriate decision criteria for agg
effects shall be established and documented
(1) Decision criteria shall be based on th
aggregate risk limits using standard figures-o
CDF, LERF). (Division 1, Nonmandatory A
provides guidance.)
(2) Performance criteria used for other
requirements may be taken into consider
developing decision criteria for aggregate ri
(b) Decision criteria may be determined b,
tively and quantitatively.

ISTE-4420 Quantitative Assessment

(a) An aggregate risk evaluation shall be
prior to implementation, as applicable, using
(1) Quantitative attributes associate
Subsection shall be considered and included
titative evaluation, as appropriate, and within
the PRA.
(2) Each applicable quantitative IST att]
beincorporated into the quantitative evaluatid

n

Cs shall be
pecified in

the planned
reness, and
or input to

regate risk

resholds for
-merit (e.g.,
\ppendix L

regulatory
ition when
k effects.

pth qualita-

performed
the PRA.

l with this

n the quan-

the scope of

ribute shall
n,asappro-

priate, until all proposed changes have been dj

spositioned

(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, opinions,
or recommendations.

ISTE-4230 Plant Expert Panel Decision Criteria. Plant
Expert Panel decision criteria for categorizing compo-
nents as HSSC and LSSC shall be documented.
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(i.e., incorporated or not incorporated).

(3) Once all appropriate inputs have be
rated, the PRA shall be rerun to assess the
impact.

(4) Proposed IST program changes shall

en incorpo-
overall risk

be assessed

to determine compliance with approved decision 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
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(1) testing frequency

(2) out-of-service duration

(3) failure rates

(4) failure modes

(5) common cause failure susceptibility

(6) compensatory measures

(7) testing scheme (staggered or simultaneous
testing)

Compensatory measures include both those specifically

incorporated into plant programs and those developed for

ASME OM-2020

ISTE-4520 Implementation Schedule. A schedule
shall be developed for implementing the testing strategies
as specified in ISTE-5000.

ISTE-4530 Assessment of Aggregate Risk. Once the
test schedule has been developed, the schedule shall
be assessed against the assumptions of the aggregate
risk evaluation.

ISTE-4540 Transition Plan. A transition plan shall be
developed for each component type to ensure adequate

specific sitgiations. Management-directed compensatory
measures g§hould also be included in the quantitative
assessment, as appropriate. Documented failure rates
shall be used in the quantification process for IST compo-
nent.

(c) Testing effectiveness shall be evaluated by periodic
assessmenfs or when new failure modes are identified
that impac{ risk quantification.

(1) Ngw failure modes shall be incorporated in
accordance with risk management and corrective
action programs into the quantitative evaluation, as
appropriate.

(2) Chianges resulting from programs that signifi-
cantly affedt the reliability or availability of components
that perforth important safety functions shall be assessed,
and, if apprppriate, incorporated into the PRA for requan-
tification.

Such asspssments may be performed in conjunction
with the glant specific Maintenance Rule (10 CFR
50.65) requirements.

ISTE-4430 Qualitative Evaluation

(a) Aggregate risk effects shall be qualitativelyevalu-
ated (i.e, ripk decreases as well as risk increases) for IST
program cHanges (e.g., testing effectiveness).

(b) Perfinent performance indicafors, industry
programs, pr other scrutable methods for establishing
aggregate 1jisk effects shall be identified and monitored.

(c) Feedbackprocessesandeovrective action programs
as describgd in ISTE-6200)shall be considered in the
evaluation pf aggregate (risk.

ISTE-4440 Defense in Depth. The IST aspects of
defense in fleptheshall be maintained.

ISTE-44301Safety Margins. The IST aspects of safety

information is collected to support justification ¢f step-
wise test interval extension up to and includng the
maximum allowable interval. Staggered-test inftervals
may be used for implementing a stepwisée test interval
extension.

ISTE-5000 SPECIFIC TESTING'REQUIREMENTS

ISTE-5100 Pumps

ISTE-5110 High Safety Significant Pump Tpsting.
Pumps categorized~as HSSCs shall meet all requirpments
of Subsections {STA and ISTB or ISTF.

ISTE-5120 Low Safety Significant Pump Teslng

ISTE<5121 Low Safety Significant Pump Te
Pre-2000 Plants®

ing —

fa) Group A and Group B pumps categorized a$ LSSCs
shall meet all the requirements of Subsections IS[TA and
ISTB, except that the testing requirements identjfied in
this paragraph and in Table ISTE-5121-1 may be|substi-
tuted for those in ISTB-3400 (Table ISTB-3400-1).

(b) All Group A and Group B LSSC pumps shall feceive
an initial Group A test conducted at the comprehensive
pump flow rate as soon as practical and no lat¢r than
the first refueling outage following implementdtion of
the RI-IST Program.

(c) Thereafter, all Group A and Group B LSSC{pumps
shall be Group A tested at the comprehensivg pump
flow rate at least once every 5 yr or three refueling
outages, whichever is longer.

ISTE-5122 Low Safety Significant Pump Testing —
Post-2000 Plants*

(a) Pumps categorized as LSSCs shall meet all|the re-

margin shaltbemmaimtaimed:

ISTE-4500 Inservice Testing Program

ISTE-4510 Maximum Testing Interval. The maximum
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

44

quiTements of subsections ISTA and ISTF, except that the
testing requirements identified in this paragraph and in
Table ISTE-5121-1 may be substituted for those in
ISTF-3400.

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

* 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.
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Table ISTE-5121-1 LSSC Pump Testing

DIVISION 1, Subsection ISTE

Appendix III, except as provided in ISTE-5320 below.
The Leak Testing Requirements of ISTC 4.3 (1995
Edition with the 1996 and 1997 Addenda) or
ISTC-3600 (1998 Edition and later) continue to apply,
as applicable.

ISTE-5310 High Safety Significant MOVs. HSSC MOVs
shall be tested in accordance with Division 1, Mandatory
Appendix III, using established test frequencies and
utilizing a mix of static and dynamic MOV performance

testina
O

Group A
Test Group B Comprehensive
Pump Group [Note (1)] Test Test
Group A (routinely 6 months Not Not required
or continuously [Note (2)] required
operated pumps)
Group B (standby 2 yr 6 months Not required
pumps) [Note (2)]
NOTES:
(1) Thi column also applies if using Subsection ISTF.
(2) To meet vendor recommendations, pump operation may be
reqyired more frequently than the specified test frequency.
(b) All LSSC pumps shall receive an initial test

condugdted at the inservice test flow rate as soon as prac-
tical anld no later than the first refueling outage following
implenjentation of the RI-IST Program.

(c) Thereafter, the LSSC pumps shall be tested every 6
month$ in accordance with Subsection ISTF and within
+20% pf pump design flow rate at least once every 5
yr or three refueling outages, whichever is longer.

ISTH-5130 Maximum Test Interval — Pre-2000
Plantg. If the maximum test interval as determined
from IPTE-4510 for a specific pump is more limiting
than thle interval of ISTE-5110 or ISTE-5120 (as applica-
ble), the mostlimiting interval shall be used for that pump-
A Groyp A or Group B test, as applicable, shall\be
performed to satisfy the increased test frequency require-
ments.

ISTE-53200 Check Valves

In lig
ments
ISTC-3

ISTE
Testin

u of meeting the inservice exercising test require-
for Category C check valves as specified in
h22, the following alternative may be applied.

-5210 High Safety Significant Check Valve
. HSSC check valwes'shall be placed in a Condition

Monitqring Program+and tested in accordance with
Divisioh 1, Mandatery Appendix II. The Condition Moni-
toring Programéhall include identification and trending of
attribufes indicative of degradation that could lead to the
occurrgnce-of the failure mode(s) that resulted in HSSC

ISTE-5220 Low Safety Significant Check Valve
Testing. LSSC check valves shall be tested in accordance
with Subsection ISTC.

ISTE-5300 Motor-Operated Valve Assemblies

Inlieu of the rules for preservice and inservice testing to
assess the operational readiness of certain electric motor-
operated valve assemblies in water-cooled reactor power
plants in OM Code Subsection ISTC, HSSC and LSSC MOVs
shall meet the requirements of Division 1, Mandatory
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ISTE-5320 Low Safety Significant MOV

. In lieu of

meeting the inservice test frequeney\requirements of

Division 1, Mandatory Appendix I1I,'the‘follow
tive rules may be applied:

(a) LSSC MOVs grouping shall'be technica
but need not comply withvall the requir
Division 1, Mandatory Appendix III.

(b) LSSC MOVs shallbe associated with an
group of other MOVs'wherever possible. Whe
of that group is(tested, the test results shall
and evaluated. in accordance with Division 1)
Appendix ITand applied to all LSSCs associat
group.

(c)- LSSCMOVs thatare notable to be associ
established group, shall be inservice tested in

ing alterna-

ly justified,
ements of

established
h a member
be analyzed
Mandatory
bd with that

ited with an
accordance

with Division 1, Mandatory Appendix III usipg an initial

test frequency of three refueling cycles or 5 yr
is longer) until sufficient data exists to detern
appropriate test frequency.

(d) LSSC MOVs shall be inservice tested atj
10 yr in accordance with Division 1, Mandatot
I11.

ISTE-5400 Pneumatically Operated Va

ISTE-5410 High Safety Significant Pne
Operated Valve Assemblies Testing

(a) HSSC AOVs shall meet all the requi
Subsections ISTA and ISTC, except as provid

(b) HSSC AOVs shall be tested in accor
Division 1, Mandatory Appendix IV.

ISTE-5420 Low Safety Significant Pne
Operated Valve Assemblies Testing

(whichever
hine a more

least every

y Appendix

ves
pumatically

rements of
ed in (b).
Hance with

imatically

irements of

Subsections ISTA and ISTC, except as provided in (b).
(b) LSSC AOVs shall meet all the requirements of

Division 1, Mandatory Appendix IV.

ISTE-5500 To Be Provided at a Later D

ate
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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
compared to acceptance criteria in accordance with
ISTE-5000, and a trending program shall be implemented
for those testable attributes selected for monitoring.

ASME OM-2020

all failures of similar types of components within an
RI-IST Program incorporating risk insights, including
evaluation of generic implications.

ISTE-6230 Component Safety Significance Recate-
gorization. The component’s operational readiness is
not changed by recategorization.

ISTE-7000 TO BE PROVIDED AT A LATER DATE

ISTE-6120 LSSC Performance Trending. For LSSCs,
the inservice testing specified in ISTE-5000 shall be
supplemented by performance monitoring. The perfor-

(b) Each|program shall assimilate performance infor-
mation to epsure the appropriate unavailability informa-
tion is refldcted in decision making.

(c) A feg¢dback process shall be established so IST
programmdtic changes are directed to the PRA program.

(d) Feedlback frequency should not exceed:two
refueling cycles.

ISTE-6220 Corrective Action. In additiento the re-
quirementg in the IST Code of Record.with respect to
Corrective [Actions, a Corrective Action/Program shall

be established that identifies and.tracks to resolution

ISTE-8000-TO BE PROVADED AT A LATER PATE

ISTE-9000 RECORDS AND REPORTS

In addition to the requirements in the‘Code of
with respecttorecords, the Plant Expert Panel and
nent records listed in ISTE-9100¢and ISTE-9200,
tively, shall be maintained:

Record
Compo-
respec-

ISTE-9100 Plant Expert/Panel Records

(a) membership and attendance

(b) member expertise representation and training per
ISTE-4220(b)

(c) member.experience (years of experience in
the expertise categories)

(d) meeting agendas

(e). meeting minutes

{f) plant procedure

each of

ISTE-9200 Component Records

(a) risk significance based on PRA impojrtance
measures

(b) additional PRA quantitative information

(c) deterministic information

(d) Plant Expert Panel categorization decisions
or LSSC

(e) basis for the HSSC/LSSC decision

bf HSSC

46
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Subsection ISTF
Inservice Testing of Pumps in Water-Cooled Reactor Nuclear
Power Plants — Post-2000 Plants®

DIVISION 1, Subsection ISTF

ISTF-1200 Exclusions
The following are excluded from this Subsection:
(a) drivers, except where the pump and driver form an

unit and the pump bearings are in the driver
umps that are supplied with emergency power
or operating convenience

id-mounted pumps that are tested as part of the
omponent and are justified by the Owner to be

essary falving, instrumentation, test loops, required fluid
inventqry, or other provisions that are required to fully
comply with the requirements of this Subsection. Testing
capability shall be possible ifréspective of plant mode.

(b) identify each pumpte be tested in accordance with
the requirements of thisiSubsection.

(c) qstablish an insérvice test flow rate.

(d) identify those-pumps with specific design basis
accidenjt flow rdates'in the Owner’s credited safety analysis
for ind¢lusioniin a Pump Periodic Verification Test

baseline test: a test performed when_d pum

is new, or

overhauled, to obtain thorough information for use in

the evaluation of degradation injpump perfd

inservice test flow rate: the flow Tate establi

rmance.
hed by the

Owner that is effective for.detecting mechanical and

hydraulic degradation (during subsequent t
best efficiency point, system flow rates, pur
verification flow rate, and any other plant-s
rates shall be considered.

esting. The
hp periodic
pecific flow

pump periodicerification test: a test that Ver:|fies a pump

can meet.the required (differential or discha
cable)‘pressure, at its highest design basis adg
ratef

vertical line shaft pump: a vertically suspe
where the pump driver and pump element ar
by a line shaft within an enclosed column.

ISTF-3000 GENERAL TESTING REQUIRL

The hydraulic and mechanical condition of g
tive to a previous condition can be dete
attempting to duplicate by test a set of]
values. Deviations detected are symptoms
and, depending upon the degree of deviati
need for further tests or corrective action.

The parameters to be measured during pre
inservice testing are specified in Table ISTF-

ISTF-3100 Preservice Testing

During the preservice test period, or be
menting inservice testing, a baseline te
performed and an initial set of reference v3

ge as appli-
cident flow

hded pump
b connected

EMENTS

pump rela-
rmined by
reference
of changes
n, indicate

service and
3000-1.

fore imple-
5t shall be
lues estab-

lished, in accordance with ISTF-3300, for

each pump

ISTF-2000 SUPPLEMENTAL DEFINITIONS

The following is provided to ensure a uniform under-
standing of selected terms used in this Subsection:

! 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.
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required to be tested by this Subsection. Except as speci-
fied in ISTF-3310, only one baseline test is required during
the preservice test period for each pump. The baseline test
shall be performed under conditions as near as practicable
to those expected during subsequent inservice testing, in
accordance with the requirements of the following:

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

2 A pump may have several design basis accident operating points due
to different system configurations or single vs. parallel pump operation.

(20)
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Table ISTF-3000-1 Inservice Test Parameters
Pump Periodic
Baseline Inservice Verification Test
Quantity Test Test [Note (1)] Remarks
Speed, N X X X If variable speed
Differential pressure, AP X X X Centrifugal pumps, including vertical line shaft pumps
Discharge pressure, P X X X Positive displacement pumps
Flow rate, Q X X X
Vibration X X Measure either V,; or V,

Dagl

Displacement—4
Velocity, V,

+ 1
Tearro—pearx

Peak

NOTE: (1) Oply required for those pumps identified in ISTF-1300(d).

(b) vertigal line shaft centrifugal pump tests in accor-
dance with|ISTF-5210

(c) positiive displacement pump tests in accordance
with ISTF-3310

ISTF-320Q Inservice Testing

Inservicq testing of a pump in accordance with this
Subsection [shall commence when the pump is required
to be opergble (see ISTF-1100). Inservice testing shall
be performed in accordance with the requirements of
the followipg paragraphs:

(a) centtifugal pump tests (except vertical line shaft
centrifugal pumps) in accordance with ISTF-5120

(b) vertigal line shaft centrifugal pump tests in accor-
dance with|ISTF-5220

(c) positjve displacement pump (except reciprocating)
tests in accprdance with ISTF-5320

(d) reciprocating positive displacement pump tests in
accordance|with ISTF-5320

ISTF-3300 Reference Values

Referencp values for the pump/inservice test shall be
obtained aq follows:

(a) Initidl reference valu¢s-shall be determined from
the result§ of testing meeting the requirements of
ISTF-3100, Preservice\Testing, or from the results of
the first indervice tést.

(b) New [or additional reference values shall be estab-
lished as required by ISTF-3310 or ISTF-3320, or
ISTF-6200(k)

(f) All subsequent test results shall be comp
these initial reference values.or to new refj
values established in accordance with ISTF-3
ISTF-3320, or ISTF-6200(¢)-

(g9) Related conditions'that can significantly inl
the measurement orf.determination of the referend
shall be analyzed\in’ accordance with ISTF-6400.

ISTF-3310:Effect of Pump Replacement, Repadir, and (20)

Maintenance’on Reference Values

ISTF-3311 Replacement and Major Mainte
Following replacement, major maintenance, or

hred to
erence
310 or

fluence
e value

nance.
routine

séyvicing (e.g., impeller replacement), such that the

existing baseline test data and reference values
represent the installed pump, the following s
performed before declaring the pump operable:
(a) A baseline test shall be performed in accg
with ISTF-5110, ISTF-5210, or ISTF-5310, as app
(b) Anew setofreference values shall be establi
accordance with ISTF-3300 from the results of th
line test.
(c) Verification that the new reference values
sent acceptable pump operation shall be placed
record of tests (see ISTF-9000).
(d) Determine whether the pump periodic veri
test is required.

ISTF-3312 Routine Maintenance and Repair.
reference value or set of reference values may hay
affected by repair or routine maintenance, other th

do not
hall be

rdance
licable.
shed in
e base-

repre-
in the

fication

When a
e been
an that
nall be

covered under ISTF-3311, the following s}

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

(d) Referencevaluesshall be established ata point(s) of
operation (reference point) readily duplicated during
subsequent tests.

(e) Reference values shall be established at the inser-
vice test flow rate.

48

performed before declaring the pump operable:
(a) An inservice test shall be performed and
(1) the previous reference values reconfirm
(2) anew reference value, or set of reference
shall be determined in accordance with ISTF-3300

ed, or
values,
.If new

reference values are determined, deviations from the
previous and new reference values shall be evaluated,
and verification that the new values represent acceptable
pump operation shall be placed in the record of tests (see

ISTF-9000).
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Table ISTF-3510-1 Required Instrument Accuracy once every 3 months at the reference conditions, and
Baseline and Inservice Pump Periodic the quantities specified were determined, recorded,

Quantity Tests, % Verification Test, % and analyzed per ISTF-6000.
Pressure £ Note (1) ISTF-3420 Pumps in Systems Out of Service. For a
Flow rate +2 Note (1) pump in a system declared inoperable or not required
Speed £2 Note (1) to be operable, the test schedule need not be followed.
Vibration +5 N/A Within 3 months before the system is placed in an oper-
Differential +Y Note (1) able status, the pump shall be tested and the test schedule
pressure followed in accordance with the requirements of this

Subsection Dnmpc whaose drivers rnqni e that the

NOTE: ([IJ Tnstrument accuracy shall be selected by the Owner such i ) .
that the fequired parameters are verified when instrument accuracy plant be in operation to operate (e.g.,.Stegm driven)
is taken |nto account for the pump periodic verification test flow and shall be tested within 1 week following\plant startup.

pressurg.

ISTF-3500 Data Collection
ISTF-3510 General

(b) Determine whether the pump periodic verification (a) Accuracy. Instrument accuracy shall b¢ within the
test is fequired. limits of Table ISTF-3510=1. If a parameter is determined

ISTF}3320 Establishment of Additional Set of Refer- by analytw?l methods instead of measuremet, then .the
e . determination shallineet the parameter accuracy require-
ence Malues. If it is necessary or desirable, for some

reason|other than stated in ISTF-3310, to establish an ment of Tablg ISTF_35.10._1 (.8, flow rate de e.rml'nz.ltlon
o . . shall be accuarate to within +2% of actual). For individual
additignal set of reference values, an inservice test

" . nalog instruments, the requir racy ig percent of
shall bg run at the conditions of an existing set of reference analog Instru ¢ 'ts t e required accu acy 1y perce to
o, full-scale)For digital instruments, the required accuracy

values And the results analyzed. If operation is acceptable

is over the calibrated range. For a combinatign of instru-
ments, the required accuracy is loop accuragy.
(b) Range
(1) The full-scale range of each analog|instrument
shall be not greater than 3 times the reference value.
(2) Digitalinstruments shall be selected quch thatthe
reference value does not exceed 90% of the¢ calibrated
range of the instrument.
(3) Vibration instruments are excludgd from the
range requirements of (1) and (2).
(c) Instrument Location. The sensor locatjon shall be
established by the Owner, documented in the plant
records (see ISTF-9000), and shall be appropriate for
the parameter being measured. The same location shall
be used for subsequent tests. Instruments thiat are posi-
tion sensitive shall be either permanently mounted, or
provision shall be made to duplicate thejir position
during each test.

400 .Frequency of Inservice Tests (d) Fluctuations. Symmetrical damping|devices or
averaging techniques may be used to reduce|instrument

Ani fluctuations. Hydraulic instruments may be [damped by
For thasept OSITE gage STUbDETS Or by throtthng smmatt vatves in instru-
odic verification test shall be performed biennially in ment lines.
accordance with this subsection. The Owner is not (e) Frequency Response Range. The frequency response
required to perform a pump periodic verification test,  range of the vibration-measuring transducers and their

if the design basis accident flow rate in the Owner’s readout system shall be from one-third minimum

safety analysis is less than or equal to the inservice pump shaft rotational speed to at least 1,000 Hz.
pump test.

ISTF-3520 Pressure
ISTF-3410 Pumps in Regular Use. Pumps that are

operated more frequently than every 3 months need (a) Gage Lines. If the presence or absence of liquid in a
not be run or stopped for a special test, provided the  gageline could produce a difference of more than 0.25% in
plant records show the pump was operated at least  the indicated value of the measured pressure, means shall

49
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be provided to ensure or determine the presence or
absence ofliquid 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 pres-
sure at a point in the discharge pipe shall be used.

ISTF-3530 Rotatlonal Speed. Rotational speed

ASME OM-2020

(b) Bypass Loops. A bypass testloop may be used for an
inservice test, provided the flow rate through the loop
meets the requirements as specified in ISTF-3300.

ISTF-5110 Baseline Testing. The parameters to be
measured are specified in Table ISTF-3000-1.

(a) 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 pump deSIgn flow. A pump curve shall be estabhshed

measurements s S
by a methogd that meets the requ1rements of ISTF 3510

ISTF-3540 Vibration

(a) On centrifugal pumps, except vertical line shaft
pumps, megsurements shall be taken in a plane approxi-
mately perpendicular to the rotating shaft in two approxi-
mately orthogonal directions on each accessible pump-
bearing housing. Measurement shall also be taken in
the axial direction on each accessible pump-thrust-
bearing hofising.

(b) Onvdgrticalline shaft pumps, measurements shall be
taken on the upper motor-bearing housing in three
approximagely orthogonal directions, one of which is
the axial difection.

(c) Onrédciprocating pumps, the location shall be on the
bearing hoysing of the crankshaft, approximately perpen-
dicular to both the crankshaft and the line of plunger
travel.

(d) If a jportable vibration indicator is used, the
measuremént points shall be clearly identified on the
pump to pdrmit subsequent duplication in both location
and plane.

ISTF-3550 Flow Rate. When measuring. flow rate, a
rate or quantity meter shall be installed in the pump
test circuitf If a meter does not indicaté the flow rate
directly, the record shall include the ‘method used to
reduce the ¢lata. Internal recirculated flow is not required
to be measyired. External recirctlated flow is required to
be measuref if such flow is present during the design func-
tion of the pump.

ISTF-400Q TO BE‘PROVIDED AT A LATER DATE

ISTF-500Q SPECIFIC TESTING REQUIREMENTS

de51gnated as the reference pomt(s) Data taker
reference point will be used to compare thelresults of
inservice tests.

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

ISTF-5120 Inservice Testing\\Iiiservice tests ghall be
conducted with the pump operating at a specifiedl refer-
ence point and within the\variances from the reference
point as described in this paragraph. The test pargmeters
shown in Table ISTF-3000-1 shall be determinjed and
recorded as reqguired by this paragraph. The tept shall
be conducted.as‘follows:

(a) Thepump shallbe operated atnominal motojr speed
for constant speed drives or at a speed adjusted to the
reference point (¥1%) for variable speed drives.

(b). Theresistance of the system shall be varied yntil 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 deteymined
and compared to its reference value. Alternatively, the
flow rate shall be varied until the differential pressure
is as close as practical to the reference point with the
variance not to exceed +1% or -2% and the flqgw rate
determined and compared to its reference value

(c) Vibration (displacement or velocity) shall b¢ deter-
mined and compared with corresponding reflerence
values. Vibration measurements are to be brogdband
(unfiltered). If velocity measurements are usefd, they
shall be peak. If displacement amplitudes ar¢ used,
they shall be peak-to-peak.

(d) All deviations from the reference values ghall be
compared with the ranges of Table ISTF-5120-1 and
corrective action taken as specified in ISTF-62(00. The
vibration measurements shall be compared to bpth the

relative and absolute criteria-shown in the alért and

Abaseline test may be substituted for any inservice test.

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

(a) Duration of Tests. For the inservice test, after pump
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 quan-
tities required by Table ISTF-3000-1 shall be made and
recorded.

required action ranges of Table ISTF-5120-1. For
example, if vibration exceeds either 6 V, or 0.7 in./sec
(1.7 cm/s), the pump is in the required action range.

ISTF-5130 Periodic Verification Test.? Tests shall be
performed for pumps identified via ISTF-1300(d). If
the required flow and differential pressure cannot be
achieved, then the pump is in the Action Range, and

3The Owner is not required to perform a pump periodic verification
test if the design basis accident flow rate in the Owner’s safety analysis is
less than or equal to the inservice pump test.
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Table ISTF-5120-1 Centrifugal Pump Test Acceptance Criteria

DIVISION 1, Subsection ISTF

Required Action Range

Test
Test Type Pump Speed Parameter Acceptable Range Alert Range Low High
Inservice Test N/A Q 0.94 to 1.06Q, 0.90 to <0.94Q, <0.90Q, >1.060Q,
[Notes (1), (21 nNyA 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 um) (558.8 um)
2600 rpm V, or Vg4 <2.5V, >2.5V, to 6V, or None >6V, or
0325 to 0.7 in./sec 0.7 in./sec
(0.8 to 1.7 cm/s) (1.1 cm/s)

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

displacefnent.

NOTES:

(1) Vibyation parameter per Table ISTF-3000-1. V, is vibration reference value in the selected units.
(2) Refdr to Figure ISTB-5223-1 to establish displacement limits for pumps with speeds 2600 rpm or vel6city limits for pumps with speeds

<60p rpm.

ive actions shall be taken in accordance with
P00 (b).

correc
ISTF-6

ISTF-5200 Vertical Line Shaft Centrifugal Pumps

(a) Duration of Tests. For the inservice test, after pump
conditipns are as stable as the system permits, each pump
shall b¢ run at least 2 min. At the end of this time at least
one mdasurement or determination of each of the quan-
tities rgquired by Table ISTF-3000-1 shall be made and
recorded.

(b) Bypass Loops. A bypass testloop may be used for an
inservice test, provided the flow rate through:the loop
meets the requirements as specified in ISTF<3300.

ISTF-5210 Baseline Testing. The parameters to be
measured are specified in Table ISTF-3000-1.

(a) Flow rate and differentialpressure shall be
measufed at a minimum of five points. If practicable,
these points shall be from~pump minimum flow to at
least pymp design flow. A pump curve shall be established
based ¢n the measured points. At least one point shall be
designaited as the reeference point(s). Data taken at the
referer]ce point,shall be used to compare the results of
inservife tests;

(b) Yibratien measurements are only required to be
taken 3t thé reference point(s).

(b) Theresistance of the system shall be var
flow rate is aselose as practical to the referenc
the variane&net to exceed +2% or -1% of th
point. The\differential pressure shall then be
and compared to its reference value. Altern
flow(pate shall be varied until the differenti
istas close as practical to the reference poi
variance not to exceed +1% or -2% and th
determined and compared to its reference v

(c) Vibration (displacement or velocity) sh
mined and compared with corresponding
values. Vibration measurements are to be
(unfiltered). If velocity measurements are
shall be peak. If displacement amplitude
they shall be peak-to-peak. (See Figure ISTB

ript d denotes

ied until the
e point with
e reference
determined
atively, the
al pressure
nt with the
e flow rate
alue.
hll be deter-
reference
broadband
used, they
b are used,
-5223-1.)

(d) All deviations from the reference valjes shall be

compared with the ranges of Table ISTF-]
corrective action taken as specified in ISTH
vibration measurements shall be compared
relative and absolute criteria shown in th
required action ranges of Table ISTF-5
example, if vibration exceeds either 6V, or
(1.7 cm/s), the pump is in the required acti

ISTF-5230 Periodic Verification Test.? Te
performed for pumps identified via ISTF-

220-1 and
-6200. The
to both the
e alert and
p20-1. For
0.7 in./sec
n range.

sts shall be
1300(d). If

the rpqnirr—\d flow and differential pressurd

cannot be

ISTF-5220 Inservice Testing. Tests shall be conducted
with the pump operating at a specified reference pointand
within the variances from the reference point as described
in this paragraph. 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:

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

51

achieved, then the pump is in the Action Range,

and correc-

tive actions shall be taken in accordance with

ISTF-6200(b).

ISTF-5300 Positive Displacement Pumps

(a) Duration of Tests. For the inservice test, after pump

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
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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 ISTF-3300.

ISTF-5310 Baseline Testing. The parameters to be
measured are specified in Table ISTF-3000-1.
(a) For positive displacement pumps, reference values

shall be taken at or near pump design pressure for the
parameterc cpnr‘iﬁ'nr] in-Tabhle ISTE.2000.1

ASME OM-2020

ISTF-6000 MONITORING, ANALYSIS, AND
EVALUATION

If anomalous data were obtained during a test with no
clearindication of systematic error, then the cause shall be
attributed to the pump under test, and ISTF-6200 applies.
If readily apparent that the anomalous data were caused
by a systematic error, such as improper system lineup or
inaccurate instrumentation, then ISTF-6300 applies.

ISTF-6100—TFrending

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

ISTF-5320 Inservice Testing. Tests shall be conducted
with the punp operating at a specified reference point and
within the viariances from the reference point as described
in this paragraph. The test shall be conducted as follows:

(a) Thepgump shallbe operated at nominal motor speed

compared with corresponding reference
ation measurements are to be broadband

e peak-to-peak.

Table ISTF}5320-2. Eoxexample, if vibration exceeds
either 6V, ¢r 0.7 i/sec (1.7 cm/s), the pump is in the
required adtion-fange.

ISTF-5330 ‘Periodic Verification Test.? Tests shall be

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

except

ISTF-6200 Corrective Action

(a) Alert Range. If the measured test parameter values
fall within the alert range of*Fable ISTF-5120-1|, Table
ISTF-5220-1, Table ISTF-5320-1, or Table ISTF-$320-2,
as applicable, the frequency of testing specified in
ISTF-3400 shall be doubled until the cause of the dqviation
is determined apd, ‘the condition is corrected] or an
analysis of the pump is performed in accordance with (c).

(b) ActionRange. If the pump periodic verificatjon test
flow or pressure parameter is not met or a measufed test
parameter value falls within the required action range of
TablelISTF-5120-1, Table ISTF-5220-1,[Table
ISTE=5320-1, or Table ISTF-5320-2, as applicable, the
pump shall be declared inoperable until either the
cause of the deviation has been determined and th¢ condi-
tion is corrected, or an analysis of the pump is performed
in accordance with (c).

(c) Analysis. In cases where the pump’s test pargmeters
are within either the alert or required action rapges 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 analysis
shall include verification of the pump’s operational readi-
ness. The analysis shall include both a pump levgl and a
system level evaluation of operational readiness, the cause
of the change in pump performance, and an evalugtion of
all trends indicated by available data. The analysis shall
also consider whether new reference values shguld be
established and shall justify the adequacy of the neyv refer-
ence values, if applicable. The results of this analydis shall

performed for pumps identified via ISTF-1300(d). If
the required flow and discharge pressure cannot be
achieved, then the pumpisin the Action Range, and correc-
tive actions shall be taken in accordance with
ISTF-6200(b).
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be documented in the record of tests (see 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,
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.

(20)
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Table ISTF-5320-1 Positive Displacement Pump (Except Reciprocating) Test Acceptance Criteria

Test Required Action Range
Test Type Pump Speed Parameter  Acceptable Range Alert Range Low High
Inservice Test N/A Q 0.95 to 1.06Q, 0.93 to <0.950Q, <0.930Q, >1.060Q,
[Notes (1), (21 nNyA P 0.93 to 1.06P, 0.90 to <0.93P, <0.90P, >1.06P,
<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 um)
2600 rpm V, or V, <2.5V, >2.5V,. to 6V, or None >6V, or
0325 to0 0.7 in./sec 0.7 in./sec
(0.8 to 1.7 cm/s) (1.7 cm/s)

GENERAL NOTE: The subscript r denotes reference value, the subscript v denotes vibration velocity reference value, and thessubsqript d denotes
displacenent.

NOTES:
(1) Vibyation parameter per Table ISTF-3000-1. V, is vibration reference value in the selected units.
(2) Refdr to Figure ISTB-5223-1 to establish displacement limits for pumps with speeds 2600 rpm or vel6city limits for pumps with speeds

<60p rpm.

Table ISTF-5320-2 Reciprocating Positive Displacement Pump Test Acceptance Criteria

Required Action Range

Test Type Pump Speed Test Parameter Acceptable Range Alert Range Low High
Inservicp Test N/A Q 0.95 to 1.06Q, 0.93 to <0.95Q, <0.930Q, >1.060Q,
N/A P 0.93 to 1.06P, 0.90 to <0.93P, <0.90P, >1.06P,

N/A VgorV, <2.5V, >2.5V, to 6V, None >6V,

GENERAL NOTE: The subscript r denotes reference value, the subscripti»denotes vibration velocity reference value, and the subsdript d denotes
displacement.

ISTF-6400 Anal_ysis of Related Conditions (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 manufactufer’s accep-
tance test report if available

(c) acopy of the pump manufacturer’s opefating limits

(d) maintain the necessary records for the|pump peri-
odicverification tests, including the applicablejtest param-
eters (e.g., flow rate and associated differentipl pressure,
or flow rate and associated discharge pressur¢, and speed

ISTF-§000 TO BE PROVIDED AT A LATER DATE for variable speed pumps) and their basis

If the reference value of a particular parameter being
measured or determined can be significantly influenced
by othdr related conditions, then thesé conditions shall be
analyz¢d* and documented in thé record of tests (see
ISTF-9900).

ISTF-72000 TO BE PROVIDED AT A LATER DATE

ISTF-9000 RECORDS AND REPORTS

ISTF-9100- Pump Records

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

*Vibration measurements of pumps may be foundation, driver, or
piping dependent. Therefore, if initial vibration readings are high
and have no obvious relationship to the pump, then vibration measure-
ments 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 levels will not
prevent the pump from fulfilling its function.
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ISTF-9200 Test Plans

In addition to the requirements of ISTA-3110 and
ISTA-3160, the test plans and procedures shall include
the following:

(a) type of each pump

(b) the hydraulic circuit to be used

(c) the location and type of measurement for the
required test parameters

ASME OM-2020

(d) the method of determining test parameter values
that are not directly measured by instrumentation

ISTF-9300 Record of Tests
See ISTA-9230.

ISTF-9400 Record of Corrective Action
See ISTA-9240.
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Division 1, Mandatory Appendix I
Inservice Testing of Pressure Relief Devices in Water-Cooled
Reactor Nuclear Power Plants

DIVISION 1, Mandatory Appendix I

1-1000 GENERAL REQUIREMENTS

1-1100

The frequirements of this Appendix apply to certain
pressufe relief devices (included in Section III of the
ASME Boiler and Pressure Vessel Code, hereinafter
known|as the BPV(C).

I1-1120 Limitations

Applicability

(a) Therequirements of this Appendix recognize differ-
ences Hetween the installed operating conditions and the
conditipns under which a pressure relief device may be
tested. [For a specific pressure relief device design, if the
parameéter to be tested is dependent on conditions not
specifically addressed by these requirements, the
installed operating condition and the test condition
shall be comparable, or proven correlations shall be
applied.

(b) The requirements of this Appendix apply-only to
pressufe relief devices required for overpressture protec-
tion.

(c) Therequirements of this Appendix are notintended
to demlonstrate conformance to design specification re-
quirements.

(d) Therequirements of this Appendixare notintended
to verify or demonstrate all agpects of pressure relief
device |operation.

1-1200 Definitions

The [following ‘definitions are provided to ensure a
uniforrh understanding of select terms used in this Appen-
dix. Deffinitions for other related pressure relief device
terms fanwbe found in ASME PTC 25, Pressure Relief

assist device: a pneumatic, hydraulic, or inechanical device

applied to a pressure relief valve for set-pres
to assist inlet static pressure in-gpening the

auxiliary actuating device: a device requiring
energy source to provide\inservice remot
capability of a pressure kelief valve with inlet]
sure below set-pressure:

bellows alarm switéh: an electropneumatic swj
pilot-operated-ptessure relief valves to detect
the pressur@ integrity of the pilot bellows, th
which may prevent opening of the primary

sure testing
valve.

an external
P actuation
static pres-

itch used in
a failure of
e failure of
yalve.

controlNrings: internal rings used to adjust the opening

characteristic, blowdown, and lift of a pre
valve.

gag: a mechanical device installed on a pre
valve to restrict or prevent lift.

historical data form: a form for recording test]
maintenance history of a pressure relief devj

normal system operating conditions (fluid
temperature): system fluid, pressure, and t
range during the phase(s) of plant operatio
that system is intended to function.

overpressure protection: the means by which ¢
are protected from overpressure by the use
relieving devices or other design provisions as
the ASME BPVC, Section III, or other applicab
tion codes.

power-actuated relief valve: a relief valve i
major relieving device is combined with and
by a device requiring an external source of

tsure relief

ssure relief

results and
lice.
|, pressure,

pmperature
h for which

omponents
of pressure
required by
e construc-

which the
controlled
bnergy.

blief device

remote actuation: actuation of a pressure r

Devices.

ambient temperature: the temperature range of the envi-
ronment surrounding a pressure relief device at its
installed plantlocation during the phase(s) of plant opera-
tion for which the device is required for overpressure
protection.

! This Appendix contains requirements to augment the rules of
Subsection ISTC, Inservice Testing of Valves in Water-Cooled Reactor
Nuclear Power Plants.

through a generated signal rather than by inlet static pres-
sure.

thermal relief application: a relief device whose only over-
pressure protection function is to protect isolated compo-
nents, systems, or portions of systems from fluid
expansion caused by changes in fluid temperature.

valve group: valves of the same manufacturer, type, system
application, and service media.
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1-1300 Guiding Principles
I1-1310 General

(a) Operation and Maintenance Instructions. Complete
operation and maintenance instructions shall be available
for each device. This Appendix shall be supplemented by
these operating and maintenance instructions.

(b) Valve Testing Frequency. A frequency for valve
testing is required by this Appendix to provide assurance
of the valve operational readiness.

ASME OM-2020

date of the as-left set-pressure test for each valve. Each
valve shall have been disassembled and inspected prior to
the start of the 6-yr test interval. Disassembly and inspec-
tion performed prior to the implementation of the 6-yr test
interval may be used.

(b) Replacement With Pretested Valves. The Owner may
satisfy testing requirements by installing pretested valves
to replace valves that have been in service, provided that

(1) for replacement of a partial complement of
valves, the valves removed from service shall be tested

(c) Valvg Disassembly. This Appendix does not require
valves or accessories to be disassembled or removed from
their installed position.

(d) Visupl Examination. Visual examinations shall be
performed fn accordance with the Owner’s examination
procedures|and shall be documented.

(e) Acceptance Criteria. The Owner, based upon system
and valve design basics or technical specification, shall
establish and document acceptance criteria for tests
required by this Appendix.

1-1320 Test Frequencies, Class 1 Pressure Relief
Valves

(a) Test]Interval — Options 1 and 2

(1) Opition 1: 5-Yr Test Interval. Class 1 pressure relief
valves shall|be tested at least once every 5 yr, starting with
initial electfric power generation. No maximum limit is
specified fqr the number of valves to be tested within
each interfval; however, a minimum of 20% of the
valves from each valve group shall be tested within
any 24-mojnth interval. The valve(s) chosen to maké
up this 20P6 shall consist of valves within the same
group that| have not been tested during the current
interval, iff they exist. If all valves within\the group
have been [tested within the current test )interval, the
valve(s) closen should be valve(s), ‘within the same
group, that|have not been tested for the longest period
of time. Thle test interval for any installed valve shall
not exceed|5 yr. The 5-yr test\interval shall begin from
the date of|the as-left set;préssure test for each valve.

(2) Opition 2: 6-Yr TéstJinterval. If selected as an alter-
native to the 5-yr test-interval required by (1), Class 1
pressure 1felief valizes shall be tested at least once
every 6 yr| provided that each valve is disassembled
and inspedtéd~after as-found set-pressure testing to

prior to resumption of electric power generatior] or
(2) for replacement of a full complement of|valves,
the valves removed from service shall be tested within 12
months of removal from the system
(c) Requirements for Testing Additienal Valves. Addi-
tional valves shall be tested im ,accordance wjth the
following requirements:
(1) For each valve tested-for which the as-foynd set-
pressure (firsttest actuation)exceeds the greater df either
the plus/minus tolerance\limit of the Owner-estaplished
set-pressure acceptance criteria of 1-1310(e) or 3% of
valve nameplate\set-pressure, two additional|valves
shall be tested ffom the same valve group.
(2) If theras-found set-pressure of any of the addi-
tional valyes tested in accordance with (1) excegds the
criteria noted therein, then all remaining valves|of that
same valve group shall be tested.
(3) The Owner shall evaluate the cause and gffect of
valves that fail to comply with the set-pressure acc¢ptance
criteria established in (1) or the Owner-established accep-
tance criteria for other required tests, such as the accep-
tance of auxiliary actuating devices, complian¢e with
Owner’s seat-tightness criteria, etc. Based uppn this
evaluation, the Owner shall determine the n¢ed for
testing in addition to the minimum tests specified in
(c) to address any generic concerns that could apply to
valves in the same or other valve groups.

I1-1330 TestFrequency, Class1Nonreclosing Pressure
Relief Devices. Class 1 nonreclosing pressur¢ relief
devices shall be replaced every 5 yr unless higtorical
data indicate a requirement for more frequent replace-
ment.

I1-1340 Test Frequency, Class 1 Pressure Relief{Valves
That Are Used for Thermal Relief Application. Tegts shall

verify thatparts—are free of defects Tesutting from
time-related degradation or service-induced wear. A
minimum of 20% of the valves from each valve group
shall be tested within any 24-month interval. This 20%
shall consist of valves that have not been tested during
the current interval, if they exist. Based upon the inspec-
tion, the owner shall determine the need for additional
inspections or testing to address any generic concerns.
As-left set pressure testing shall be performed following
maintenance and prior to returning the valve to service.
The 6-yr test interval for each valve shall begin from the
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be performed-in-accordancesaith - 1-1320 Test Ed equen-
P 7 €
cies, Class 1 Pressure Relief Valves.

1-1350 Test Frequency, Classes 2 and 3 Pressure
Relief Valves Except PWR Main Steam Safety Valves

(a) Test Interval
(1) The maximum allowable time between tests for
any valve, with the exception of PWR main steam safety
valves, shall not exceed 10 yr, starting with initial electric
power generation.
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(2) For valve groups containing only one valve, the
valve shall be tested at least every 48 months.

(3) Forvalve groups containing more than one valve,
a minimum of 20% of the valves from each valve group
shall be tested within any 48-month interval. The valve(s)
chosen to make up this 20% shall consist of valves within
the same group that have not been tested during the
current test interval, if they exist. If all valves within
the group have been tested within the current testinterval,
the valve(s) chosen should be valve(s), within the same

1-1370 Test Frequency, Classes 2 and
Containment Vacuum Relief Valves

DIVISION 1, Mandatory Appendix I

3 Primary

(a) Tests shall be performed on all Classes 2 and 3
containment vacuum relief valves at each refueling

outage or every 2 yr, whichever is sooner, unle
data requires more frequent testing.

ss historical

(b) Leak tests shall be performed on all Classes 2 and 3
containment vacuum relief valves at a frequency desig-
nated by the Owner in accordance with

Table ISTC.3500.1

group, that have not been tested for the longest period of
time.

The fest interval shall begin from the date of the as-left
set-prefsure test for each valve. PWR main steam safety
valves fhall be tested in accordance with [-1320.

(b) Replacement With Pretested Valves. The Owner may
satisfy festing requirements by installing pretested valves
to replace valves that have been in service, provided that

(1) for replacement of a partial complement of
valves,|the valves removed from service shall be tested
within [3 months of removal from the system or before
resumption of electric power generation, whichever is
later o

(2) for replacement of a full complement of valves,
the valyes removed from service shall be tested within 12
monthg of removal from the system

(c) Requirements for Testing Additional Valves. Addi-
tional [valves shall be tested in accordance with the
followihg requirements:

(1) For each valve tested for which the as-found set-
pressure (first testactuation) exceeds the greater ofeeither
the plus/minus tolerance limit of the Owner-established
set-prelssure acceptance criteria of 1-1310(e)-or +3% of
valve hameplate set-pressure, two additional valves
shall bg tested from the same valve group.

(2) If the as-found set-pressure)of any of the addi-
tional Yalves tested in accordance ‘with (1) exceeds the
criterid noted therein, then dll remaining valves of that
same vilve group shall be'tested.

(3) The Owner shallievaluate the cause and effect of
valves that fail to comply with the set-pressure acceptance
criterid establishedin(1) or the Owner-established accep-
tance cfiteria for‘other required tests, such as the accep-
tance df auxiliary actuating devices, compliance with the

Ownerfscseat-tightness criteria, etc. Based upon this
evalua inn’ the Owner shall determine the need for

I1-1380 Test Frequency, Classes 2 and 3\Va¢uum Relief

Valves, Except for Primary Containment Vac
Valves. All Classes 2 and 3 vacuumirelief val
tested every 2 yr, unless performance data
need for more frequent testing or’ allow for 14
testing, not to exceed 10yt

1-1390 Test Frequency, Classes 2 and
Relief Devices ThatAre Used for Thermal R
cation. Tests shall\be performed on all Clas
relief deviceg~used in thermal relief applic
10 yr, unleSs performance data indicate mo
testing is\necessary. In lieu of tests the (
replace. the relief devices at a frequency of g
unless performance data indicate more frequ
ments are necessary.

1-1400 Instrumentation

uum Relief
ves shall be
ndicate the
ss frequent

3 Pressure
elief Appli-
bes 2 and 3
htion every
re frequent
wner may
very 10 yr,
ent replace-

1-1410 Set-Pressure Measurement Acciyiracy. Test

equipment (e.g., gages, transducers, load cells
standards) used to determine valve set-pre
have an overall combined accuracy not to g
of the indicated (measured) set-pressure.

1-2000 INTRODUCTION

[-3000, 1-4000, and I-5000 define the requi
performance testing of pressure relief device
water reactor (BWR) and pressurized wa
(PWR) nuclear power plants. The valves subj¢

calibration
ssure, shall
xceed 1%

rements for
5 for boiling
ter reactor
ct to exam-

ination and tests are categorized. Responsibilities, exam-

ination methods, examination techniques, te
examination and test frequencies, records, 3
nance requirements are defined. Replaceme

5t methods,
nd mainte-
ht valves of

the same valve group shall be tested to the regquirements

testing in addition to the minimum tests specified in
(c) to address any generic concerns that could apply to
valves in the same or other valve groups.

I1-1360 Test Frequency, Classes 2 and 3 Nonreclosing
Pressure Relief Devices. Classes 2 and 3 nonreclosing
pressure relief devices shall be replaced every 5 yr,
unless historical data indicates a requirement for more
frequent replacement.
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of[-3100 and I-3400. Replacement valves, not
valve group previously used, shall be tested to
ments of 1-3100 and 1-3200.

of the same
the require-

1-3000 PRESSURE RELIEF DEVICE TESTING

1-3100 Testing Before Initial Installation

1-3110 Class 1 Main Steam Pressure Re

lief Valves

With Auxiliary Actuating Devices. Tests shall be
performed in the following sequence, or manufacturer’s
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production tests may be accepted for (b) through (d),
provided the valve passes visual examination in accor-
dance with the Owner’s examination procedures:

(a) visual examination

(b) set-pressure determination

(c) accessories [see 1-3310(d) through [-3310(h)]

(d) determination of compliance with the Owner’s seat-
tightness criteria

1-3120 Class 1Safety Valves. Tests shall be performed

ASME OM-2020

I1-3170 Classes 2 and 3 Vacuum Relief Valves. The
valves shall pass visual examination in accordance
with the Owner’s examination procedures.

1-3200 Testing Before Initial Electric Power
Generation

1-3210 Class 1 Main Steam Pressure Relief Valves
With Auxiliary Actuating Devices. After installation,
safety valves and pilot-operated pressure relief valves

in the follo

/ing sequenceorinanufacturer’s production equipped with auxiliary actuating devices shall be remo-
tests may He accepted for (b), (c), and (d), provided the tely actuated at reduced or normal system operating pres-
valve passds visual examination in accordance with the sure to verify open and close capability.Set“pgessure
Owner’s expmination procedures: verification is not required. Actuation priessurq of the

auxiliary actuating device sensing element, wher¢ appli-

(a) visudl examination

(b) set-pressure determination

(c) testihg of acccessories [see 1-3320(d) through
1-3320(f)]

(d) detejmination of compliance with the Owner’s seat-
tightness cfiteria

I-3125 Class 1 Power-Actuated Relief Valves. Tests
shall be performed in the following sequence, or manu-
facturer’s production tests may be accepted for (b), (c),
and (d), prpvided the valve passes visual examination
in accordanice with the Owner’s examination procedures:

(a) visudl examination

(b) detepmination of functional capability

(c) testinjg of accessories [see [-3325(d) and [-3325(e)]

(d) detejmination of compliance with the Owner’s seat-
tightness cfiteria

1-3130 Qther Class 1 Pressure Relief Valves. Tests
shall be performed in the following sequence, of manu-
facturer’s pfoduction tests may be accepted for (b) and (c),
provided the valve passes visual examinatien' in accor-
dance with|the Owner’s examination procedures:

(a) visudl examination

(b) set-pressure determination

(c) determination of compliance-with the Owner’s seat-
tightness cfiteria

I1-3140 Class 1 Nonrectosing Pressure Relief Devices.
The device(shall pass.visual examination in accordance
with the Oyvner’s ekamiination procedures.

I1-3150 Classes2 and 3 Pressure Relief Valves. Tests
shall be performed in the following sequence, or manu-

cable, and electrical continuity shall have been vierified.

1-3220 Class 1 Safety Valves: Within 6 months
initial reactor criticality, eaclivalve shall have its s
sure verified.

1-3225 Class 1 Power-Actuated Relief Valves§. After
installation, eachrvalve shall be remotely actupted at
normal system{opérating pressure to verify oplen and
close capability.

1-3230Other Class 1 Pressure Relief Valves
tional\festing is not required. The device sh
visual examination in accordance with the Owner’
imation procedures.

before
bt pres-

Func-
Il pass
b exam-

1-3240 Class 1 Nonreclosing Pressure Relief Devices.
Functional testing is not required. The device shill pass
visual examination in accordance with the Owner’s exam-
ination procedures.

1-3250 Classes 2 and 3 Pressure Relief Valves

(a) PWR Main Steam Safety Valves. Either before or
after installation and within 6 months before| initial
reactor criticality, each valve shall be subjected to the
following tests:

(1) verification of compliance with the Owng
pressure criteria
(2) verification of compliance with the Owne;
tightness criteria

(b) Other Pressure Relief Valves. Functional tefting is
not required. The device shall pass visual examination in
accordance with the Owner’s examination proceglures.

r's set-

's seat-

facturer’s production tests may be accepted for (b) and (c),
if the valve passes visual examination 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

1-3160 Classes 2 and 3 Nonreclosing Pressure Relief
Devices. The devices shall pass visual examination in
accordance with the Owner’s examination procedures.
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1-3260 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.
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(b) Compliance with the Owner’s seat-tightness
criteria shall be verified.

1-3300 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.

[-412
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(g) determination of compliance with the Owner’s seat-
tightness criteria

I1-3325 Class | Power-Actuated Relief Valves. Tests
before maintenance shall be performed for (a), (b),
and (c) in sequence. The remaining shall be performed
after maintenance or set-pressure adjustment.

(a) visual examination

(b) seat-tightness determination,” if practicable

[-1390

Control ring adjustment is permitted per 1-4110(g) and (c) set-pressure determination

(g) Test frequencies are specified in 1-1320 {d)verification-of the-integrity of the balancing device
1-1330, 1-1340, 1-1350, 1-1360, 1-1370, I-1380, and on balanced valves

When on-line testing is performed to satisfy peri- (e) determination of operation andcelectrjcal charac-
odic testing requirements, visual examination may be teristics of position indicators
performped out of sequence. (f) determination of compliance.with the Owner’s seat-

1-3310 Class 1 Main Steam Pressure Relief Valves
With Apxiliary Actuating Devices. Tests before mainte-

nance [or set-pressure adjustment, or both, shall be
perforthed for (a), (b), and (c) in sequence. The remaining
shall be performed after maintenance or set-pressure

capability of air actuator
determination of operation and electrical character=

istics off position indicators

(g) determination of operation and electrical ‘charac-
teristick of bellows alarm switch
(h) dletermination of actuating pressure‘of auxiliary

actuating device sensing element, where applicable,
and elgctrical continuity

(i) determination of compliance with'the Owner’s seat-
Ss criteria

I1-3320 Class 1 Safety Valves. Tests before mainte-
nance [or set-pressure, _adjustment, or both, shall be
performed for (a), (b),and (c) in sequence. The remaining
shall be performed after maintenance or set-pressure
adjustrhent.

(a) Yisual exdnfination

(b) {eatstightness determination,? if practicable

(c) det:pressure determination

(d) determination of operation and
teristics of bellows alarm switch

(e) verification of the integrity of the balancing device
on balanced valves

(f) determination of operation and electrical character-
istics of position indicators

electrical charac-

2 This test need not be performed at the same pressure as the final seat
tightness test. This test may be quantitative or qualitative, dependent on
the observed condition. This test is primarily for gross determination of
“as found” seat tightness.
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tightness criteria

1-3330 Other Class 1 Pressure Relief Valves. Tests
before maintenance or-set-pressure adjustment, or
both, shall be performed-for (a), (b), and (c) ip sequence.
The remaining shallbe performed after maintenance or
set-pressure adjustment.

(a) visual\examination

(b) seat-tightness determination,” if pract

(c) set-pressure determination

(d), verification of the integrity of the balar
on(balanced valves

(e) determination of operation and electr
teristics of position indicators

(f) determination of compliance with the O
tightness criteria

cable
cing device
cal charac-

wner’s seat-

ef Devices.
accordance

1-3340 Class 1 Nonreclosing Pressure Rel
The device shall be periodically replaced in
with 1-1330. The replacement device shall [be visually
examined at the time of installation and shgll meet the
acceptance criteria established by the Owneif's examina-
tion procedure.

1-3350 Classes 2 and 3 Pressure Relief Valves. Tests
before maintenance or set-pressure adjustmegnt, or both,
shall be performed for (a), (b), and (c) in sequence. The
remaining shall be performed after maintengnce or set-
pressure adjustment.

(a) visual examination

(b) seat-tightness determination,” if pract

(c) set-pressure determination

cable

d)—verification of the integrit arcing device
on balanced valves
(e) determination of compliance with the Owner’s seat-

tightness criteria

I1-3360 Classes 2 and 3 Nonreclosing Pressure Relief
Devices. The device shall be periodically replaced in
accordance with [-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.
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1-3370 Classes 2 and 3 Vacuum Relief Valves

(a) Thevalvesshall 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-tightness
criteria shall be determined.

1-3400 Disposition After Testing or Maintenance
I1-3410 Class 1 Main Steam Pressure Relief Valves

ASME OM-2020

(d) Valves and accessories that do not comply with
their respective acceptance criteria, whether the
problem is associated 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 next testing interval or maintenance opportunity.
Corrective actions shall be taken, as appropriate, to ensure
valve operability.

1-3425 Class | Power-Actuated Relief Valves

With Auxiliary Actuating Devices

(a) Valves and accessories that comply with their
respective|acceptance criteria for the tests specified
may be refurned to service without further testing,
except as rgquired by (d).

(b) Valvés and accessories that do not comply with
their respgctive acceptance criteria shall be adjusted,
refurbishefl, or replaced, in accordance with written
procedures| Valves shall be adjusted to meet the accep-
tance criterfia of 1-1310(e).

(c) Refurbished equipment shall be subjected to the
test(s) spedified in 1-3310, as applicable. If disassembly
includes valve disk (main) components, then valve disk
stroke capdbility shall be verified by mechanical exami-
nation or tests.

(d) Each|valve with an auxiliary actuating device that
has been r¢gmoved for maintenance or testing and rein-
stalled aftefr meeting the requirements of 1-3310, shall
have the electrical and pneumatic connections verified
either throjigh mechanical/electrical inspection or test
prior to thp resumption of electric power generation.
Main disk movement and set-pressure verification are
not requir

(e) Valvés and accessories that do not«comply with
their resplective acceptance criteriaj whether the
problem is|associated with the component, the system,
or associat¢d equipment, shall be evaluated to determine
the ability pf the valve to perform_its intended function
until the next testing interval ofitndintenance opportunity.
Corrective 4ctions shall be taken, as appropriate, to ensure
valve opergbility.

1-3420 (lass 1 Safety Valves

(a) Valves dnd*accessories that comply with their
respective|acceptance criteria for the tests specified

(a) Valves and accessories that comply with their
respective acceptance criteria for the tests specified
may be returned to service without further-testipg.

(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 critleria of
1-1310(e).

(c) Refurbished equipment shall be subjected ta
specified in 1-3325, as dpplicable. If disassembly ihcludes
valve disk (main)-cdmponents, then valve disk|stroke
capability shall’bewerified by mechanical examjination
or tests.

(d) Valvesjand accessories that do not comp
their respective acceptance criteria, whether the
problem'is associated with the component, the gystem,
or associated equipment, shall be evaluated to determine
the' ability of the valve to perform its intended flinction
until the next testing interval or maintenance oppoftunity.
Corrective actions shall be taken, as appropriate, tolensure
valve operability.

test(s)

y with

1-3430 Other Class 1 Pressure Relief Valves

(a) Valves and accessories that comply with their
respective acceptance criteria for the tests specified
may be returned to service without further testipg.

(b) Valves and accessories that do not comply with
their respective acceptance criteria shall be adjusted,
refurbished, or replaced in accordance with Written
procedures. Valves shall be adjusted to meet the| accep-
tance criteria of [-1310(e).

(c) Refurbished equipment shall be subjected to the
test(s) specified in 1-3330, as applicable. If disassembly
includes valve disk (main) components, then valye disk
stroke capability shall be verified by mechanical|exami-

may be returned to service without further testing.

(b) Valves and accessories that do not comply with
their respective acceptance criteria shall be adjusted,
refurbished, or replaced in accordance with written
procedures. Valves shall be adjusted to meet the accep-
tance criteria of [-1310(e).

(c) Refurbished equipment shall be subjected to the
test(s) specified in [-3320, as applicable. If disassembly
includes valve disk (main) components, then valve disk
stroke capability shall be verified by mechanical exami-
nation or tests.
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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 associated equipment, shall be evaluated to determine
the 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.
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1-3440 Class 1 Nonreclosing Pressure Relief Devices.
The device shall be periodically replaced in accordance
with 1-1330. The replacement device shall be visually
examined at the time of installation and shall meet the
acceptance criteria established by the Owner’s examina-
tion procedure.

1-3450 Classes 2 and 3 Pressure Relief Valves

(a) Valvesthat comply with their respective acceptance
criteria for the tests specified may be returned to service

DIVISION 1, Mandatory Appendix I

1-4000 TEST METHODS

1-4100 Set-Pressure Testing
1-4110 Steam Service

(a) Test Media. Valves designed to operate on steam,
including safety valves designed for saturated steam
service that are installed on a water-filled loop seal,
shall be set-pressure tested with saturated steam. Alter-
native compressive fluids may be used as the test media, if

further testing.
alves that do not comply with their respective

shall He adjusted to meet the acceptance criteria of
[-1310(e)
(c) Refurbished equipment shall be subjected to the

is associated with the component, the system,
iated equipment, shall be evaluated to determine

(a) Yalvesthat comply with their respective acceptance
criterid for the tests specified may be returned to service
withouf further testing.

alves that.do"not comply with their respective

1-1310Le)

correlation data between the alternative fuig
have been established. The requirements)of
apply for testing with alternative test, ' media|

and steam
-4300 shall

(b) Accumulator Volume. The velume of the accumu-

lator drum and the pressure soureeflow rate s
cientto determine the valve set-pressure. Valv,
their lifts restricted during\set-pressure test

hall be suffi-
s may have

ng.

(c) Assist Devices. AsSist devices may be used for set-
pressure testing, provided the accuracy complies with the

requirements of 1-1400.
(d) Thermal Equilibrium. Ambient tempg
test media témperature shall be establishe

rature and
I and valve

thermal equilibrium confirmed before starting set-pres-

sure testing. The valve shall be considered at th
libriunr only when the valve body tempe
stabilized and does not change more than 1
in 30 min as measured directly or determined
tion from other valve temperature measurem
insulated in service shall be insulated in a |
during testing.

Verification of thermal equilibrium is not 1
valves that are tested at ambient temperature|
medium at ambient temperature.

(e) Ambient Temperature. The ambient teny
the operating environment shall be simulated
set-pressure test. If the effect of ambient tem
set-pressure can be established for a particula
then the valve may be set-pressure teste
ambient temperature different from the
ambient temperature. Correlations between th

ermal equi-
rature has
0°F (5.5°C)
by correla-
ents. Valves
ike manner

equired for
using a test

perature of

during the
perature on
- valve type,
d using an
operating
eoperating

and testing ambient temperatures shall comply with the

requirements of 1-4320 and [-4330.
(f) Superimposed Back Pressure
(1) Consideration of variable or constan
sure in set-pressure setting is not required fi
pressurereliefvalves ifthe hack pressure doe

[ back pres-
br balanced
E not exceed

\ g}

(c) Valves that have been refurbished shall be
subjected to the test(s) specified in 1-3370.

(d) Valves and accessories that do not comply with
their respective acceptance criteria, whether the
problem is associated with the component, the system,
or associated equipment, shall be evaluated to determine
the 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.
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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 pres-
sure relief valves when the back pressure exceeds 1% of
the set-pressure. For conventional nonbalanced valves
with constant superimposed back pressure, the required
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set-pressure shall be calculated by subtracting the super-
imposed back pressure from the stamped set-pressure.

(g) Control Rings. Adjustment of control rings to ensure
valve action is permitted. For set-pressure acceptance
testing, control ring positions shall not be altered
between successive openings. Adjusted control rings
shall be returned to their proper operating position
prior to return to service, as documented by the Owner.

(h) Time Between Valve Openings. A minimum of 5 min
shall elapse between successive openings.

ASME OM-2020

operating and testing ambient temperatures shall
comply with the requirements of 1-4320 and [-4330.
(f) Superimposed Back Pressure

(1) Consideration of variable or constant back pres-
sure in set-pressure setting is not required for balanced
pressure reliefvalves, 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.

(i) Numper of Tests. The number of openings at set-
pressure shall be sufficient to demonstrate satisfactory
repeatabiliy with a minimum of two consecutive open-
ings withinfacceptance criteria. Any subsequent openings
at the samg set-point adjustment shall be within accep-
tance criteifia.

1-4120 Compressible Fluid Services Other Than
Steam

(a) Test
system ope

Media. Valves shall be tested with the normal
Fating conditions. The test media temperature
shall be established such that it can be duplicated as near
as practicable during subsequent tests. Alternative
compressible fluids and different temperatures may be
used, provided the requirements of 1-4300 are met. Air
or nitrogen|may be substituted at the same temperature
without altprnative media testing per 1-4300.

(b) Accymulator Volume. The volume of the accumu-
lator drum §nd the pressure source flow rate shall be suffi-
cientto det¢rmine the valve set-pressure. Valves may have
their lifts rgstricted during set-pressure testing.

(c) Assidt Devices. Assist devices may be used/for set-
pressure testing, provided the accuracy complies with the
requiremerfts of 1-1400.

(d) Thefmal Equilibrium. Ambient temperature and
test media [temperature shall be established and valve
thermal eqfpilibrium confirmed befdre starting set-pres-
sure testing The valve shall be considered at thermal equi-
librium only when the valve'body temperature has
stabilized gnd does not change more than 10°F (5.5°C)
in 30 min a$ measured directly or determined by correla-
tion from other valve temperature measurements. Valves
insulated i servieeshall be insulated in a like manner
during test|ng.

Verificatipnefthermal equilibrium is not required for
valves that i i
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 estab-
lished such that it can be duplicated as near as practicable
during subsequent tests. If the effect of ambient tempera-
ture 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 oper-
ating ambient temperature. Correlations between the
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in set-
dpres-

(2) Constant superimposed back pressure
pressure setting shall be considered for nonbalarneg
sure relief valves when the back pressure-exceeds 1% of
the set-pressure. For conventional nonbalanced| valves
with constant superimposed back pressure, the r¢quired
set-pressure shall be calculated by subtracting thg super-
imposed back pressure from the stamped set-pressure.

(g) Control Rings. Adjustment of control rings tolensure
valve action is permitted.\For set-pressure accgptance
testing, control ring positions shall not be 3ltered
between successivesopenings. Adjusted contrdl rings
shall be returned to their proper operating ppsition
prior to return to service, as documented by the Owner.

(h) Time Between Valve Openings

(1) There is no required minimum time bgtween
openihg@s when the temperatures of the test medium,
valve body, and ambient conditions all are with{n 10°F
(525°C) of each other.

(2) Aminimum of 5 min shall elapse between
sive openings for all other tests.

(i) Number of Tests. The number of openings| at set-
pressure shall be sufficient to demonstrate satigfactory
repeatability with a minimum of two consecutiv¢ open-
ings within acceptance criteria. Any subsequent openings
at the same set-point adjustment shall be within| accep-
tance criteria.

succes-

1-4130 Liquid Service

(a) Test Media. Valves shall be tested with the normal
system operating conditions. The test media tempgrature
shall be established such that it can be duplicated ps near
as practicable during subsequent tests. Alternativelliquids
and different temperatures may be used, provided the re-
quirements of 1-4300 are met.
(b) Accumulator Volume. There is no requirement of
fTTi T . ‘essure
tap for determining set-pressure shall be located at the
valve inlet.

(c) Assist Devices. Assist devices to determine set-pres-
sure 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 equi-
librium only when the valve body temperature has



https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

stabilized and does not change more than 10°F (5.5°C) in
30 min as measured directly or determined by correlation
from other valve temperature measurements. Valves insu-
lated 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

Seat tightness testing shall be performed usi

DIVISION 1, Mandatory Appendix I

ngthe same

fluid used for set-pressure testing, except as provided by

1-4300.

1-4210 Inlet Pressure. The inlet pressure for seat leak
testing shall be in accordance with one of the following:

(a) maximum system operating pressure

(b) 90% of spring setting or 5 psig (34 kPa) below
spring setting for valves having a spring set-pressure

less than 50 psig (344 kPa)

(c) nressure established in Owner's valuo
LS A o

test proce-

set-pressure test. The ambient temperature shall be estab-
lished quch that it can be duplicated as near as practicable
duringsubsequent tests. If the effect of ambient tempera-
ture o1} set-pressure can be established for a particular
valve tlype, then the valve may be set-pressure tested
using dn ambient temperature different from the oper-
ating gmbient temperature. Correlations between the
operafling and testing ambient temperatures shall
comply| with the requirements of 1-4320 and 1-4330.
(f) Puperimposed Back Pressure

(1) Consideration of variable or constant back pres-
sure in|set-pressure setting is not required for balanced
pressufereliefvalves, if the back pressure does not exceed
50% offthe valve set-pressure. However, the set-pressure
shall cpnsider 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-
pressufe setting shall be considered for nonbalanced pres-
sure relief valves when the back pressure exceeds 1%.-of
the setfpressure. For conventional nonbalanced\valves
with cqnstant superimposed back pressure, the xequired
set-pressure shall be calculated by subtracting-the super-
imposdd back pressure from the stampéd set-pressure.

(g) |Time Between Valve Openings

(1) There is no required mifimum time between

openings when the temperatures-of the test medium,

dure

1-4220 Acceptable Seat Tightness,Testing Methods.

Table 1-4220-1 provides acceptable’ meth
methods may be determined by-the Owner.

ods. Other

1-4230 Acceptance Criteria for Seat Leakage Testing.

Either the original valve.equipment design s
criteria or acceptance eriteria established by t
the valve test procedure shall be used for
leakage acceptance-Criteria.

1-4300 Alternative Test Media

Pressurerelief devices may be subjected to s
tests.and seat-tightness tests using a test md
and\temperature) other than that for whi
designed, provided the testing complies w
1-4320, and 1-4330.

1-4310 Correlation. Correlation of preq
device operation, with respect to the paran
test, shall be established for the specified

pecification
he Owner in
valve seat

et-pressure
dium (fluid
h they are
ith 1-4310,

sure relief
leter under
alternative

media, as compared with the operating medja.

1-4320 Certification of Correlation Prod
Owner shall ensure that the correlation esf

edure. The
ablished in

accordance with the procedure will be of sufficient accu-

racy such that the pressure relief device

5 tested or

valve Hody, and ambient coriditions all are within 10°F adjusted, or both, using the alternate media, will
(5.5°C)| of each other. comply with the acceptance criteria of the fpllowing:
(2) Aminimum of5'nin shall elapse between succes- (a) 1-1320(c) or 1-1350(c) for determining|the need to

sive openings for all-ether tests. test additional valves

(h) |Number of TFests. The number of openings at set- (b) 1-4110(i), 1-4120(i), or 1-4130(h) for testing or
pressufe shall bé sufficient to demonstrate satisfactory adjusting valves, or both, for reuse
repeatgbility"with a minimum of two consecutive open- (c) 1-4230 for determining seat tightness
ings within acceptance criteria. Unless otherwise stated in Results of the tests performed to verify the adequacy of
the test prnrnr‘nrnl value nponing prnccnrn shallbe that the alternate test media correlation shall be d Cumented.

inlet pressure when a continuous, unbroken stream of
liquid is emanating from the valve outlet.

1-4200 Seat Tightness Testing

Seat tightness testing shall be performed in accordance
with the Owner’s valve test procedure. Consideration shall
be given to test media, temperature stability, and ambient
temperature, as required in [-4100.

63

1-4330 Procedure. A written procedure shall be

prepared by the Owner or the Owner’s designee and certi-
fied in accordance with the requirements of 1-4320. The
procedure shall specify all test parameters that affect
correlation and shall include, but not be limited to, the
following:

(a) specific description of test setup

(b) specific requirements for instrumentation

(c) specific requirements for assist equipment (if any)
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Table 1-4220-1 Seat Tightness Testing Methods for Pressure Relief Devices

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 only
measurement
Weighed condensate X [Note (1)] Min. 10 min test
Volumetric dr weight X Min. T0 min test
measuremgent
Cold bar X [Note (2)]
Acoustic emission X X X
NOTES:

(1) On exposed spring valves, care must be exercised to ensure against leakage past the valve stem and adjacent vdlve pieces.

(2) Defined as 1 in. diameter polished stainless steel bar at a temperature less than 100°F passed in the plane paralléel to the outlet flange face.

(d) specific requirements for test operating conditions
(e.g., devicq temperature, ambient temperature, ambient
pressure, efc.)

Test parameters shall be listed (e.g., time between open-
ings, numbegr of tests, etc.)

1-5000 RECORDS AND RECORD KEEPING

1-5100 Refjuirements

The Owner shall maintain a record that shall include the
following for each valve covered by this Appendix:

(a) the rhanufacturer and manufacturer’s model @nd
serial number, or other identifiers

(b) a copy or summary of the manufacturer’s accep-
tance test ileport, if available

(c) presdrvice test results

1-5200 Record of Test

In additiqn to the requirements)of ISTA-9230, if testing
is performed in accordanceswith 1-4300, a copy of the
alternate tept media correlation, test procedure, and docu-
mentation |of results ‘ef-test performed to verify the
adequacy of the altérnate test media shall be retained.

1-5300 Record of Medification and Corrective

Action

In addition to' the requirements of ISTA-92#0, the
following requirements shall be met:

(a) The“Owner shall document all modifi¢ations
perform€d or corrective actions taken that affect the
set-pressure of pressure relief devices or valves. Thie docu-
mentation shall also include any recommendatjons or
modifications suggested by the manufacturer. Mpdifica-
tion or corrective action, as outlined, shall be rdcorded
and maintained for the period of time as outl|ned in
the Owner’s technical specifications.

(b) Any device modification or adjustment that| affects
nameplate data shall be recorded on a data sheet. The
modification or adjustment shall be made in accqrdance
with the manufacturer’s published information ¢r shall
have the concurrence of the manufacturer.

An additional nameplate, not bearing a Code pymbol
stamp, shall be installed to reflect the new data anfl refer-
ence to records maintained by the Owner outlinjing the
modification.

64
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Division 1, Mandatory Appendix II!
Check Valve Condition Monitoring Program

toring program as discussed in ISTC-5222.

11-2000 GROUPINGS

Groupings shall be determined by the Owner. Groupings
shall b¢ technically justified and shall be based on

(a) the intended purpose of the condition monitoring
progran (e.g., improve performance, or optimize testing,
examination, and preventive maintenance activities)

(b) 3nalysis of test results and maintenance history

(c) design characteristics, application, and service con-
ditions

The Qwner shall assess the significance to plant safety if

Valve obturator movement during applicab
amination activities shall be sufficient to de
bidirectional functionality of the.moving g

DIVISION 1, Mandatory Appendix II

VITIES

e testor ex-
ermine the
arts. A full

open exercise test, or an open test to the positipn required
to perform its intended funétion (see ISTA-1{100), is not

required for this assessnient.
(a) Performance Imprevement Activities
(1) Ifsufficientinformation is not curren

ly available

to complete the analysis required in I1-300p, or if this
analysis is inconclusive, then the following activities

shall be performed at sufficient interva
interim\period of the next 5 yr or two

Is over an
refueling

outages;“whichever is less, to determine the cause of

the.fdilure or the maintenance patterns:
(-a) ldentify interim tests (e.g., noninty

usive tests)

an extdgnded test or examlnatlon. interval is planneq. fo assess the performance of the valve or the group of
The [Owner should also consider the sample disas- valves
sembl: examination program grouping details of (-b) ldentify interim examinations fo evaluate
ISTC-5¢21(c). potential degradation mechanisms.
(-c) ldentify other types of analysis that will be
11-300p ANALYSIS performed to assess check valve condition.
The Pwner shall perform an analysis,of the test and (-d) ldentify whic'h of these activities will be
maintdnance history of a valve or grfeup of valves in  Performed on ea.ch valvg in the group. |
order fo establish the basis forspecifying inservice (-e) Idgntlfy t.he interval O_f each activity. .
testing| examination, and preventjve maintenance activ- (2) ldentify attributes that will be trended. Trending
ities. The analysis shall include,the following: and evaluation of existing data must be used asjthe bases to
(a) |dentify any commnion failure or maintenance reduce or extend the time interval between tests or exam-
pattertfs. inations.
(b) Analyze the follaWing patterns to determine their (3) Complete or revise the condition-monitoring
signifidance and to'idenhtify potential failure mechanisms: ~ Program test plans (see 11-6000) to dodqument the
(1) deterndine whether certain preventive mainte- checkvalve program performance improvement activities
nance 4ctivitie§ would mitigate the failure or maintenance ~ and their associated frequencies.
patterr]s (4) Perform these activities at their asso¢iated inter-
(2)_determine whether certain condition monitoring __Vals until

tests such as nonintrusive testing are feasible and effective
in monitoring for these failure mechanisms

(3) determine whether periodic disassembly and ex-
amination activities would be effective in monitoring for
these failure mechanisms

(4) determine whether changes in the valve group-
ings are required

! This Appendix contains requirements to augment the rules of
Subsection ISTC, Inservice Testing of Valves in Water-Cooled Reactor
Nuclear Power Plants.

(-a) sufficientinformation is obtained to permitan
adequate evaluation of the specific application or
(-b) until the end of the interim period
(5) After completion of (1) through (4), review those

attributes that were selected for trending, along with the
results of each activity and trends to determine whether
any changes to the performance improvement program
are required. If needed based on the results of the last
scheduled test or examination, the program shall be
revised in accordance with the site corrective action
program prior to the performance of any activity on

(20)
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the next valve in the group, and the applicable require-
ments of 11-2000, 11-3000, and 11-4000 shall be repeated.
(b) Optimization of Condition-Monitoring Activities
(1) If sufficient information is available to assess the
performance adequacy of the check valve or the group of
check valves, then the following activities shall be
performed:
(-a) ldentify the applicable preventive mainte-
nance activities including their associated intervals
that are required to maintain the continued acceptable

ASME OM-2020

needed based on the results of the last scheduled test
or examination, the program shall be revised in accor-
dance with the site corrective action program prior to
the performance of any activity on the next valve in
the group, and the applicable requirements of 11-2000,
[1-3000, and 11-4000 shall be repeated.

Changes to IST intervals must consider plant safety and
be supported by trending and evaluating both generic and
plant-specific performance data to ensure the component
is capable of performing its intended function(s) over the

(-b) |Identify the applicable examination activities
including t
periodically
group of cHeck valves.

(-c) [Identify the applicable test activities including
their associpted intervals that will be used to periodically
verify the afceptable performance of each check valve or
group of cleck valves.

(-d)|1dentify which of these activities will be
performed pn each valve in the group.

(-e) |[Identify the interval of each activity. Initial
intervals shall be established using (b), provided that
the conditign-monitoring test and examination intervals
consider plant safety and are supported by the trending
and evaluatjion of generic and plant-specific performance
data. Trendjng and evaluation shall be used to support the
conclusion fhat the valve or group of valves is capable of
performing its intended function(s) over the entire
interval. At least one of the identified activities for a
valve group shall be performed on each valve of the
group at approximately equal intervals not to,exceed
the maximym interval shown in Table 1I-4000-1*

(-f) Interval extensions shall be limitedto‘one fuel
cycle or 2 y1, whichever is longer, per exterision. All valves
in a group{sampling plan must be tested or examined
again, befdqre the interval can be(eéxtended again, or
until the mpximum interval would be exceeded.

(-g) |Intervals shall not exceed the maximum inter-
vals shown in Table 11-4000+1. The requirements of

performanle of the check valve or group of check valves.

eir associated intervals that will be used to
assess the condition of each check valve or

entire interval.

11-5000 CORRECTIVE MAINTENANCE

If corrective maintenance is performedion a check valve,
the analysis used to formulate the basis of the conpdition-
monitoring activities for that valyve@nd its associatgd valve
group shall be reviewed to ‘determine whethler any
changes are required. If significant changes are required,
the program shall be revised and the applicable require-
ments of 11-2000, 113000, and 11-4000 shall be repeated.

11-6000 DOCUMENTATION

The corndition-monitoring program shall be
mented and shall include the following informat

(a)xlist of valves in the program

(b) list of valves in each valve group

{c) dates valves were added/deleted to the p
and the reason for their inclusion/deletion

(d) analysis forming the basis for the progran

(e) identified failure or maintenance history patterns
for each valve

(f) condition-monitoring program activities, ingluding
the trended attributes and the bases for the asspciated
intervals for each valve or valve group

docu-

rogram

Table 11-4000-1 Maximum Intervals for Use When
Applying Internal Extensions

ISTA-3120,|Inservice Exaniination and Test Interval, do Maximum Interval Maximum Inferval
not apply. Group Between Activities of Between Activities of
(2) 1d¢ntify atttibutes that will be trended. Trending Size Member Valves in the Each Valve i the
I A [Note (1)] Groups, yr [Note (2)] Groups, yr
and evaluatfion of\existing data must be used to reduce or ” 5 16
extend the ftime-interval between tests or examinations. - '
(3) Reldse-the test p]anc (cnn ”_f\nﬂﬂ) to document 3 4.5 12
the optimized condition-monitoring program activities, 2 6.0 12
and the associated intervals of each activity. 1 N/A 10
(4) Perform these activities at their associated inter- NOTES:

vals.

(5) After completion of (1) through (4), review those
attributes that were selected for trending, along with the
results of each activity and trends to determine whether
any changes to the optimized program are required. If

66

(1) The maximum interval was determined by how many interval
extensions could be obtained based on an 18-month or 24-
month fuel cycle. All of the valves had to be tested or examined
within the maximum interval to be considered a valid extension.
These intervals shall not exceed intervals imposed by other
station programs where activities are credited for meeting
the requirements of condition monitoring (e.g., Containment
Leakage Rate Testing Program).

(2)
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Division 1, Mandatory Appendix I1I!
Preservice and Inservice Testing of Active Electric
Motor-Operated Valve Assemblies in Water-Cooled Reactor

III-IOI) INTRODUCTION

111-11

This
vice an
ness of
cooled

Applicability

Appendix establishes the requirements for preser-
 inservice testing to assess the operational readi-
active motor-operated valves (MOVs) in water-
reactor nuclear power plants.

111-1200 Scope

See ISTC-1200.

111-2000 SUPPLEMENTAL DEFINITIONS

full cycle exercise: full stroke of the valve from and back ta
its initfal position.

motor-
electri
valve,

and pr

pperated valve (MOV): a valve and its associated
E motor driven mechanism for positioning the
ncluding components that control yalve action
bvide position output signals.

MOV fupctional margin: the increment by-which an MOV’s
availalle capability exceeds the capability required to
operat¢ the MOV under design basis’ conditions.

tive maintenance (PMJymaintenance activities
bd to prevent or minimize the effects of various
htion mechanisngs:

preven
design
degrad

ctor: the ratio\of stem torque to stem thrust in
tem valves-

stem fg
rising-§

Nuclear Power Plants

DIVISION 1, Mandatory Appendix III

that meets the requirements of\this Appendix but

conducted before implementation of thig

may be used.

(a) Design basis verification test data shal
conjunction with preseryiee test dataas the ba
vice test criteria.

(b) Design basiswerification testing shall b
in situ or in a/prototype test facility that dupl

cable desigfbasis conditions. If a test facility

Appendix

| be used in
isforinser-

e conducted
cates appli-
is used, an

engineering analysis shall be documented thiat supports

applicability to the in situ conditions.
(c)JJustification for testing at conditions
design basis conditions and for grouping
shall be documented by an engineering evalu
nate testing techniques, or both. Where d
testing of the specific MOV being evaluated i

other than
like MOVs
ation, alter-
esign basis
5 impractic-

able, or not meaningful (provides no additijonal useful

data), data from other MOVs may be used

by engineering evaluation. Sources for the d

other plant MOVs or test data published

if justified
ata include
n industry

testing programs. Where analytical techniqus are used
to verify design basis capability, those techmiques shall

be justified by an engineering evaluation.

(d) For certain valve types (i.e., ball,
diaphragm valves) where the need for desig
fication testing has not been previously identif]

plug, and
basis veri-
ed, an engi-

neering evaluation of operating experience may be used to

verify design basis capability.
(e) The design basis verification test shall b

an MOV application is changed, the MOV is

modified, or the system is modified in a mann
lidates its current design basis verification te

e repeated if

physically
br that inva-
bt results or

111-3000 GENERAL TESTING REQUIREMENTS
1-31 ' ' ifieation—Test

A one-time test shall be conducted to verify the
capability of each MOV to meet its safety-related
design basis requirements. This test shall be conducted
at conditions as close to design basis conditions as prac-
ticable. Requirements for a design basis verification test
are specified in applicable regulatory documents. Testing

! This Appendix contains requirements to augment the rules of
Subsection ISTC, Inservice Testing of Valves in Water-Cooled Reactor
Nuclear Power Plants.

data. A determination that a design basis veri

fication test

is still valid shall be justified by an engineering evaluation,

alternative testing techniques, or both.

111-3200 Preservice Test
Each MOV shall be tested during the pre

service test

period or before implementing inservice testing. These
tests shall be conducted under conditions as near as prac-
ticable to those expected during subsequent inservice
testing. Testing that meets the requirements of this
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Appendix but conducted before implementation of this
Appendix may be used. Only one preservice test of
each MOV is required unless, as described in 111-3400,
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),asdescribedin 111-1100 and shall be sufficient

ASME OM-2020

confirmed. This testing is intended to demonstrate that
performance parameters, which could be affected by
the replacement, repair, or maintenance, are within ac-
ceptable 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
[11-9000, Records and Reports.

to assess changes in MOV functional margin consistent
with I11-6000.

(a) MOVls may be grouped for inservice testing as
described ih I11-3500.

(b) Inservice tests shall be conducted in the as-found
condition. Activities shall not be conducted if they inva-
lidate the ijservice test results. If maintenance is needed
between the¢ inservice tests, see I11-3400. As-found testing
is not required prior to maintenance activities as long as
the MOV is|not due for an inservice test. If maintenance
activities arje scheduled concurrently with an MOVs inser-
vice test, then the inservice test shall be conducted in the
as-found cdndition, prior to the maintenance activity.

(c) The ihservice testing program will include a mix of
static and dynamic MOV performance testing. The mix of
MOV performance testing may be altered when justified
by an engijeering evaluation of test data.

(d) Dyngmic MOV performance testing is not required
for certain|valve types (i.e., ball, plug, and diaphragm
valves), with acceptable operating experience.

(e) Remgte position indication shall be verified locally
during inservice testing or maintenance activities.

111-3310 |Inservice Test Interval. The inservice test
interval defermination shall include the following:

(a) The inservice test interval shall e, 'determined in
accordance|with I11-6440.

(b) If inspfficient data exist to determine the inservice
test interval in accordance withdIl-6400, then MOV inser-
vice testing|shall be conductéd-every two refueling cycles
or 3 yr (whichever is longér) until sufficient data exist,

exceed 10[ yr MOV inservice tests conducted per
[1I-3400 mz: i i i

111-3400 Effect of MOV Replacement, Repair, or
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. Ifthe MOV was not removed from service, inser-
vice test values shall be immediately determined or
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111-3410 Preventive Maintenance (PM). PM agtivities
that might affect MOV functional margincand were in
place during the design basis verificatioh |test inf accor-
dance with I11-3100 shall be carried forward to thg inser-
vice test interval in accordance with 111-3300,|unless
justified by an engineering evaluation. Changeqd to PM
activities that might affect MOW functional margjn shall
be evaluated and the inserviee test criteria adjufsted as
appropriate.

111-3500 Grouping<of MOVs for Inservice

'Ir'r]sting
Grouping MOVs for inservice testing is permfissible.
Grouping MOVs shall be justified by an engirjeering
evaluation, alternative testing techniques, or both. The
following-shall be satisfied when grouping MOVS{:

(a) MOVs with identical or similar motor-opgrators
and'valves and with similar plant service confitions
may be grouped together based on the resplts of
design basis verification and preservice tests. Function-
ality of all groups of MOVs shall be validated by|appro-
priate inservice testing of one or more representative
valves. Each MOV in a group shall be inservice| tested
within the maximum test interval specified in I11-3]310(c).

(b) Test results shall be evaluated and justified for all
MOVs in the group.

111-3600 MOV Exercising Requirements

11I-3610 Normal Exercising Requirements. All MOV,
within the scope of this Appendix, shall be full cyc|e exer-
cised at least once per refueling cycle with the mgximum
time between exercises to be not greater than 24 months.
Full cycle operation of an MOV, as a result of normpl plant
operations or Code requirements, may be consid¢red an
exercise of the MOV, if documented. If full stroke exer-

fsimgof am MOV s ot practica g operation
or cold shutdown outages, full stroke exercising shall be
performed during the plant’s refueling outage.

111-3620 Additional Exercising Requirements. The
Owner shall consider more frequent exercising require-
ments for MOVs in any of the following categories:

(a) MOVs with high risk significance

(b) MOVs with adverse or harsh environmental condi-
tions or

(c) MOVs with any abnormal characteristics (opera-
tional, design, or maintenance conditions)
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11I-3700 Risk-Informed MOV Inservice Testing

Risk-informed MOV inservice testing that incorporates
risk insights in conjunction with performance margin to
establish MOV grouping, acceptance criteria, exercising
requirements and testing interval may be implemented.

111-3710 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 deter-

111-4000 TO BE PROVIDED AT A LATER

111-5000 TEST METHODS

111-5100 Test Prerequisites

DIVISION 1, Mandatory Appendix III

DATE

All testing shall be conducted in accordance with plant-
specific technical specifications, installation details,
acceptance criteria, and maintenance, surveillance, opera-

tion, or other applicable procedures.

minati¢n

(b) dlevelop MOV screening criteria to determine each
MOVs ¢ontribution to risk

(c) flnalize risk category by a documented evaluation
from a|Plant Expert Panel

Y20 Risk-Informed Criteria. Each MOV shall be
ed and categorized using a documented risk
ranking methodology. This Appendix provides test re-
quiremlents for high and low safety significant component
(HSSC/LSSC) categories. If an Owner established more
than tWo risk categories, then the Owner shall evaluate
the intprmediate SSCs and select HSSC or LSSC test re-
quiremlents for those intermediate SSCs.

11113721 HSSC MOVs. HSSC MOVs shall be tested in
accordpnce with I1I-3300 and exercised in accordance
with II[-3600. HSSC MOVs that can be operated during
plant dperation shall be exercised quarterly, unless the
potential increase in core damage frequency (CDF) and
large eqrly release (LER) associated with a longer exercise

vice tegting of LSSC MOVs by the following:

(a) 1SSC grouping shall be technically justified, but the
provisipn for similarity in Il=3500(a) may be relaxed. The
provisions in I11-3500(b)\rélated to evaluation of test
results|for MOVs in that-group continue to be applicable
to all MIOVs within the scope of this Appendix.

(b) 1LSSC MOVs'may be associated with an established
group pf other’"MOVs. When a member of that group is
tested, [theltest results shall be analyzed and evaluated
in accgrdance with I1I-6000, and applied to all LSSC

111-5200 Test Conditions

Test conditions shall be sufficient,to det]
MOV’s functional margin per I11-6400. Test]
shall be recorded for each test/per 111-9000.

111-5300 Limits and Precdutions

Testing limits and precautions include the
(a) MOV exposure to dust, moisture, or ot
conditions shall bé_minimized when normal
compartment.eovers are removed while perfo

ermine the
conditions

following:
her adverse
ly enclosed
rming tests.

(b) Mandfaeturer or vendor limits and precautions

associated, with the MOV and with the test
shall bé\considered, including the structural
torquie limits of the MOV.

(c) Plant-specific operational and design
and limits shall be followed. Items to be
shall include, but are not limited to, wat
and intersystem relationships.

(d) The benefits of performing a particular
be balanced against the potential increase
damage caused to the MOV by the particy
performed.

I11-5400 Test Documents

Approved plant documents shall be establ
tests specified in this Appendix and shall pr

(a) methodical, repeatable, and consist
mance testing

equipment
thrust and

brecautions
considered
br hammer

test should
in risk for
lar testing

shed for all
bvide for
ent perfor-

(b) collection of data required to analyze and evaluate

the MOV functional margin in accordance w

I1I-5500 Test Parameters

Sufficient test parameters shall be selected f

th I11I-6000

pr measure-

£l 00N

MOVs associated with that group.

(c) LSSC MOVs that are not associated with an estab-
lished group shall be inservice tested, in accordance with
I11-3300, using an initial test interval of three refueling
cycles or 5 yr (whichever is longer) until sufficient
data exist to determine a more appropriate test interval
as described in I11-6440.

(d) LSSC MOVs shall be inservice tested at least every
10 yr in accordance with I1I-3310.

69
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the MOV functional margin.

etermining

111-6000 ANALYSIS AND EVALUATION OF DATA

111-6100 Acceptance Criteria

The Owner shall establish methods to determine accep-

tance criteria for the operational readiness of each MOV
within the scope of this Appendix. Acceptance criteria
shall be based upon the minimum amount by which avail-
able actuator output capability must exceed the valve
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operating requirements. Thrust, torque, or other
measured engineering parameters correlated to thrust
or torque consistent with I11-6100 through I11-6500,
may be used to establish the acceptance criteria. Motor
control center testing is acceptable if correlation with
testing at the MOV has been established. When deter-
mining the acceptance criteria, consider the following
sources of uncertainty:

(a) test measurement and equipment accuracy

(b) valve and actuator repeatability (e.g., torque switch

ASME OM-2020

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 Require-
ments. Design basis valve operating requirements,
including stem factor for rising stem valves, shall be deter-
mined from

repeatability)
(c) analysis, evaluation, and extrapolation method
(d) grouping method

111-6110 Parameter Measurements. MOV margins may
be expressdd in terms of stem force or other parameters, if
those parameters are consistent with 11I-6100 through
[11-6500.

111-6200 Analysis of Data

Data obtgined from a test required by this Appendix,
shall be analyzed to determine if the MOV performance
is acceptable. The Owner shall determine which
methods arp suitable for analyzing necessary parameters
for each MV and application.

Whenevdr data are analyzed, all relevant operating and
test conditipns shall be considered.

The Ownpr shall compare performance test data to the
acceptance|criteria. If the functional margin, determined
per I11-643), does not meet the acceptance criteria, the
MOV shall pbe declared inoperable, in accordance with
the Owner’s requirements.

Data analysis shall include a qualitative review ‘to/iden-
tify anomalgus behavior. Ifindications of anomalous beha-
vior are idpntified, the cause of the behavior shall be
analyzed and corrective actions compléted,; if required.

111-6300 Evaluation of Data

The Owngr shall determine which methods are suitable
for evaluating test data forjeach MOV and application.

The Owner shall have procedural guidelines to establish
the methods and timing for evaluating MOV test data.
Evaluationq shall determine the amount of degradation
in functiongl margin that occurred over time. Evaluations
shall considef;the€ influence of past maintenance and test

(a) measurementstaken durina testinag at desig
7 o o g

n basis
conditions

(b) analytical methods using valve parametery
mined from testing at conditions that may beextra
to design basis conditions or

(c) application of justified industry methodoldgies

deter-
polated

111-6420 Determination of Actuator Output Ca‘fbility

111-6421 Available Output Based on Motor
ities. Available actuator gutput shall be determine
on motor capabilities at’the motor’s design basig
tions. Considerations'shall include

(a) rated motor start torque

(b) minimuin voltage conditions

(c) elevated ambient temperature conditions
(d) -opetator efficiency

(e) other appropriate factors

111-6422 Available Output Based on Torque|Switch
Setting. Where applicable, the available output dhall be
determined based on the current torque switch petting.

For MOVs where testing does not sufficiently 1pad the
MOV to cause torque switch trip (e.g., butterfly and ball
valves), available output based on the currenttorque
switch setting shall be determined analytically from
test data. Considerations shall include

(a) calibration of the torque switch spring pa

(b) the current torque switch setting

(c) repeatability of torque switch operation

111-6430 Calculation of MOV Functional Margin. MOV
functional margin shall be calculated as the difference
between the available actuator outputand valve operating
requirements. Available actuator output is determlined as

(a) design basis motor operator capability for limit
switch controlled strokes, or

(b) thelesser of design basis motor operator capability

pabil-
1 based
condi-

k

activities to estabtisirappropriate timeintervats for future
test activities.

The evaluations shall apply changes in functional
margin to other applicable MOVs to establish appropriate
time intervals for future test activities.

11I-6400 Determination of MOV Functional Margin

The Owner shall demonstrate that adequate margin
exists between valve operating requirements and the
available actuator output capability to satisfy the accep-
tance criteria for MOV operational readiness. In addition

70

or motor operator capability at the current torque switch
setting for torque switch controlled strokes

111-6440 Determination of MOV Test Interval. Calcu-
lations for determining MOV functional margin shall
account for potential performance related degradation.
Maintenance activities and associated intervals can
affect test intervals and shall be considered. The inservice
test interval shall be set such that the MOV functional
margin does not decrease below the acceptance criteria.
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111-6450 Preventive Maintenance Considerations.
Changes to PM activities and their schedule shall be eval-
uated when establishing acceptance criteria in 11I-6100,
evaluating potential degradation per I11-6300, and estab-
lishing MOV test intervals per I111-6440. For example,
changes to stem lubrication procedures, including the
lubricant type and application schedule, might impact
the engineering evaluations performed in I1I-3000 and
[1I-6000 and shall be evaluated.

DIVISION 1, Mandatory Appendix III

valve stem, electric motor-operator orientation, and

piping configuration near the MOV.

(e) breaker setting/fuse size and motor starter thermal

overload size, if used.

(f) MOV torque and limit switch configuration and

settings.
(g) MOV performance test procedure

and other

approved plant documents containing acceptance criteria.

(h) name of test performer and date of te
(i) system flow, system pressure, differenti

st.
al pressure,

If thg MOV performance is unacceptable, as established
in ITI-6400, corrective action shall be taken in accordance
with Opvner’s corrective action requirements.

11I-6510 Record of Corrective Action. The Owner shall
maintajn records of corrective action that shall include a
summdry of the corrections made, the subsequent tests,
confirmation of operational adequacy, and the signature
of the |ndividual responsible for corrective action and
verificdtion of results.

111-7000 TO BE PROVIDED AT A LATER DATE

111-80Q0 TO BE PROVIDED AT A LATER DATE

111-90Q0 RECORDS AND REPORTS

111-9140 Test Information

Pertinent test information shall be recorded or verified
for MOV testing, described in I1I-3000. The following infor-
mation|shall be considered along with the information re-
quirements in ISTA/ISTC:

(a) MOV plant-specific unique identification number.

(b) motor, valve, actuator nameplate data.

(c) test equipment unique identification numbers and
equipnjent calibration dates.

(d) fest method and conditions, described in I11-5000,
includihg description of valve€ lineups, process equipment,
and type of test. Desériptions shall include valve body,

system fluid temperature, system fluid phase, g
temperature.

(j) significant observations: any comments
the test results that otherwise maytnot’be re
fied by other recorded test datasshall be recoy
vations shall include any remarksregarding 3
erratic MOV action noted‘either during oj
performance testing and’any other pertinentd
mation that can be verified at the MOV.

111-9200 Docuimentation of Analysis and

Evaluation of Data

The documentation of acceptable MOV p¢
which*has been analyzed and evaluated in
withdII-6000, shall include, as a minimum

(a) values of test data, test parameters, an
mation established by I1I-5500 and I1I-9100

(b) summary of analysis and evaluation r
[11-6200 and I11-6300.

(c) statement(s), by an individual qualifi
such a statement through the Owner’s qual
quirements, confirming that the MOV is
performing its intended safety function.

(d) testresults and analysis shall be evalua|
ified individuals and documented to include si
date. Independent verification shall be by
qualified to verify those specific analyses and
through the Owner’s qualification requireme

nd ambient

pertinentto
dily identi-
ded. Obser-
bnormal or
preceding
esign infor-

rformance,
Accordance

H test infor-
pquired per

ed to make
fication re-
capable of

ted by qual-
bnature and
individuals
evaluations
nts.
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Division 1, Mandatory Appendix IV!
Preservice and Inservice Testing of Active Pneumatically
Operated Valve Assemblies in Nuclear Reactor Power Plants

IV-1000 INTRODUCTION
1V-1100

This Appgndix establishes the requirements for preser-
vice and injservice testing, as defined in ISTA-2000, to
assess the pperational readiness of certain active pneu-
matically operated valves (AOVs) in reactor power plants.

plicability

1V-1200

Certain aftive pneumatically operated valves and pneu-
matically operated power-operated relief valves (PORVs)
within the pcope of ISTA-1100.

ope

1V-1300

In additi¢n to the exemptions specified in ISTC-1200,
the following are excluded from this Appendix:
atically operated dampers
atically operated check valves
(c) Categdory C check valves and safety/relief de¥ices

emptions

IV-1400 Qwner’s Responsibility

In additijon to the requirements of ISTA-1500 and
ISTC-1400,it is the Owner’s responsibility to

(a) EstaBlish performance assessmeént test acceptance
criteria (IV46100) and technical basis for applicable AOVs
that provide reasonable asstirtance the pneumatically
operated vglve is capable gfiperforming its specific func-
tion(s) as dgfined in ISTA-1100. Performance assessment
test acceptdnce criteriathat meet the requirements of this
Appendix, Hut were.&stablished before implementation of
this Appendlix, may be used where documented.

(b) Defirle thelevel of testingrequired prior to and after
replacement, Tepair, modification, or Mmaintenance activ-
ities per IV-3520.

(c) Specify the limiting value(s) of full-stroke time of
each valve per 1V-3420.

(d) Determine if the risk ranking approach per IV-3800
will be used to implement this Appendix.

! This Appendix contains requirements to augment the rules of
Subsection ISTC, Inservice Testing of Valves in Water-Cooled Reactor
Nuclear Power Plants.
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IV-2000 SUPPLEMENTAL DEFINITIONS

AOV functional margin: the increment or percen
which an AOV is available as tested capability ¢
the thrust/torque load required to operate t}
under worst-case operating.conditions (also r
to as field margin or post-tést margin).

fage by
xceeds
e AOV
pferred

fail safe: characteristic of a‘valve and its actuator} which
upon loss of actuating ‘energy supply, will cause ja valve
obturator memberto-be fully closed, fully open, orjremain
in the last position, as necessary to satisfy the specifiic func-

tion as defined.in ISTA-1100.

fail safe test:"a test of an AOV with fail-safe fuy
performéd by observing the operation of the a
upon loss of valve actuating power.

ctions,
rtuator

consist
stroke

inservice test value(s): measured parameters that
of inservice performance assessment test, inservicg
test, and leak test results.

performance assessment test: performance testing (as
defined in ISTA-2000) consisting of the measufement
and assessment of applicable test parameters. This test
is normally performed at ambient conditions without
system pressure or flow.

pneumatically operated valve (AOV): a valve and i
ciated actuator, including pneumatically operated|
as defined in ISTC-2000, that uses air/gas as the|motive
force, including all subcomponents required for tHe valve
assembly to perform its specific function as defined in
ISTA-1100, except those exempted by IV-1300. For|simpli-
city, this type of valve is referred to as an AOV thrgughout
this Appendix.

stroke test exerc1smg (as defined in ISTA- 2000) the AOV

y : a vcle and
testing that 1ncludes a full- stroke time (as defmed in
ISTC-2000).

test parameter(s): parameters, or combination of param-
eters, which may be determined from data obtained
during testing and are important to monitor to ensure
the specific functional capability of the valve assembly.
This includes, for example, bench set, spring preload,
spring rate, full-stroke time, valve travel, total friction
(which is the sum of packing friction, valve internal fric-
tion, and actuator friction), torque, thrust, seat load,

S asso-
PORVs
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maximum available pneumatic pressure, and minimum
pneumatic pressure required to accomplish the specific
function(s) of the valve assembly as defined in ISTA-1100.

IV-3000 GENERAL TESTING REQUIREMENTS
IV-3100 Reserved
IV-3200 Reserved

DIVISION 1, Mandatory Appendix IV

this Appendix to assess functional margin. For post-2000
plants, an initial performance assessment test shall be
performed to assess functional margin prior to plant
startup or during plant startup activities. The preservice
performance assessment test may be used to meet this
requirement. In addition, activities that were performed
as part of a plant’s legacy AOV Program can be used to
satisfy the initial performance assessment test provided
the requirements of 1V-1400(a) have been met and the

basis is documented.

IV-33

Eachl AOV shall be tested during the preservice test
period|as required by this paragraph. These tests shall
be conducted under conditions as near as practicable
to thode expected during subsequent inservice testing.
Testing that meets the requirements of this Appendix
but wa performed before implementation of this Appen-
dix may be used.

Each of the following tests shall be performed for each
AOV during the preservice period:

(a) 3 performance assessment test

(b) 3 stroke test

(c) { fail safe test, if applicable

(d) leak testing in accordance with ISTC-3600 and
ISTC-5000, as applicable

(e) Rosition verification testing, for valves with remote
positioh indicators, in accordance with ISTC-3700

Only|one preservice test of each valve is required with
the exdeption that any AOV that has undergone mainte-
nance that could affect its performance after the preser-
vice tegt shall be tested in accordance with 1V-3520.

IV-34Q0 Inservice Testing

Inse
requirg
as def
assess
with IV

'vice testing shall commence-when the AOV is
d to be operable to fulfill its specific function(s)
ned in ISTA-1100 and-shall be sufficient to
changes in AOV funetional margin consistent
-6400. These tests shall’be conducted under con-
ditions|as near as practicable to those expected during
subsedquent inservicetesting. Each of the following
tests shall be perfermed for each AOV:

(a) 3 performance assessment test in accordance with
IV-341p
(b) 3 streke test in accordance with 1V-3420

(c) { fail'safe test in accordance with 1V-3430

(b) The interval for periodic performance
tests shall be determined in accordanceWwith
insufficient test data exist from an applicable
group to determine the performance asseg
interval in accordance with V76400, then p
assessment testing shall be conducted e
refueling cycles or 6 yr (whichever is longer]
cient data exist, from an-AOV or AOV group,
longer inservice test interval.

(c) AOVs may he grouped for periodic p
assessment testing as described in IV-3600.

(d) If maitenance activities are scheduled
with an AQV%s periodic performance assessme
the performance assessment test shall be cong
to the maintenance activity, where pract
V43520 for guidance on the effects of AOV r
repair, modification, or maintenance.

assessment
IV-6400. If
AOV or AOV
sment test
erformance
very three
until suffi-
to justify a

brformance

concurrent
nt test, then
ucted prior
icable. See
bplacement,

(e) For AOVs that operate in the course of plant opera-

tion, periodic performance assessment testing
the initial test per IV-3410(a), may be satis
following, provided that:

(1) The conditions during exercise of th
or exceed the worst-case operating conditio

(2) The required observations are
analyzed during such operation and recot
plant record.

(3) The observation is performed at leas
24 months.

(4) The valve exhibits the required
obturator position.

(5) A stroke test can be performed quaj

Credit may be taken for operation at less
conditions with proper justification. The ba|
documented by engineering evaluation. The
evaluation shall be reviewed and updated, as

, other than
fied by the

e AOV meet
ns.

made and
ded in the

once every
change in

rterly.

than design
sis shall be
bngineering
required, if

an AQ\L applir‘aﬁnn isch qngor]’ the AOVLis p]ﬂysically modi-

(d) leak testing in accordance with ISTC-3600 and
ISTC-5000, as applicable

(e) position verification testing, for valves with remote
position indicators, in accordance with ISTC-3700, as ap-
plicable

IV-3410 Performance Assessment Testing. Perfor-
mance assessment testing shall be performed as follows:
(a) For pre-2000 plants, an initial performance assess-
ment test shall be performed within three refueling cycles
or 5 yr (whichever is longer) following implementation of

73

fied, or the system is modified in a manner that invalidates

the evaluation.
(f) Alternative risk-informed performance

assessment

test intervals may be applied in accordance with IV-3800.
(g9) The periodic performance assessment test interval

shall not exceed 10 yr for each AOV.

(h) Any abnormality or erratic action shall be recorded

(seeIV-9000), and an evaluation shall be made
need for corrective action.

regarding a
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(i) The Owner shall consider more frequent perfor-
mance assessment testing for AOVs in any of the following
categories:

(1) AOVs with severe service conditions (tempera-
ture, radiation, fluid process, etc.)

(2) AOVs with any abnormal characteristics (opera-
tional, design, or maintenance conditions)

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

1V-3420

stina.—Stroke testina shall he
- o

ASME OM-2020

(d) Valve obturator movement shall be determined in
accordance with ISTC-3530.
(e) See 1V-7100 for acceptance criteria.

IV-3430 Fail Safe Test. All AOVs with fail-safe actua-
tors, within the scope of this Appendix, shall have a fail safe
test performed in accordance with the frequency of
[V-3420(a). The fail safe test is performed by observing
the operation of the actuator upon loss of valve actuating
power.

performed ps follows:

(a) All ADVs, within the scope of this Appendix, shall
have a stroke test performed quarterly if practicable as
follows:

(1) Styoke test valves during operation at power to
the positiop(s) are required to fulfill its function(s) in
accordance|with ISTA-1100.

(2) If the testing is not practicable during operation
at power, if may be limited to testing during cold shut-

(4) For test intervals of cold shutdown or refueling,
testing is ndt required if the time period since the previous
test is less fthan 3 months. During extended shutdowns,
valves that pre required to perform their specific function
as defined ip ISTA-1100 shall be tested every 3 months, if
practicable

(5) Tepting during cold shutdown shall commence
within 48 Iir of achieving cold shutdown and continue
until all telsting is complete or the plant is ready to
return to ¢peration at power. For extended’ outages,
testing need not be commenced in 48 hr,Sprovided all
valves reqyired to be tested during cold\shutdown will
be tested bgfore or as part of plant start-up.

(6) All testing required to be.performed during a
refueling outage shall be completed before returning
the plant tq operation at power:

(b) StroKe testingincludesstroke time measurementas
follows:

(1) T

valve shall

2T

limiting value(s) of full-stroke time of each
e specified by the Owner.

IV-3500 Test Parameters

IV-3510 Inservice Stroke Test Reference Values. For
post-2000 plants (as defined in SubsectionISTA) jor new
(i.e, new or replaced) AOVsin pre-2000-plants (as flefined
in Subsection ISTA), inservice stroke test referencg values
shall be determined from the results of preservice festing.
For pre-2000 plants, inservieéstroke test referencg values
may be determined from theTesults of inservice festing.
These tests shall be perfermed under conditions as|near as
practicable to those €xpected during subsequent injservice
testing. Referencé,values shall be established only when
the valve is known to be operating acceptably. If the par-
ticular patameter being measured can be significantly
influenced by other related conditions, then thesg condi-
tions shall be analyzed.

IV~-3520 Effect of AOV Replacement, Repair,
cation, or Maintenance. When an AOV is re
repaired, modified, or undergoes maintenan
could affect the valve’s performance, new inserv|
values shall be determined, the previously esta
inservice test values shall be reconfirmed, or the aq
performed shall be evaluated along with the regults of
post-replacement/repair/modification/maintgnance
testing to determine if new inservice test valjies are
warranted before the AOV is returned to servicg. If the
AOV was not removed from service, inservife test
values shall be immediately determined or confirmed.
This testing is intended to demonstrate that test param-
eters, which could be affected by the replacement)repair,
modification, or maintenance, are within accgptable
limits. The Owner’s program shall define the level of
testing required prior to and after replacement,|repair,

Modifi-
blaced,
e that
ce test
blished
tivities

stroke time of all valves shall be measured to, modification, or maintenance activities. Other attributes,
at least, the nearest second. such as functional margin, may be considered when
(3) Any abnormality or erratic action shall be defining the level of testing required prior to and after

recorded (see IV-9000), and an evaluation shall be
made regarding a need for corrective action.

(4) Where IV-3410(e) is used to validate valve func-
tion, a stroke test shall be performed quarterly.

(c) Stroke testing should be performed prior to perfor-
mance assessment testing when these tests are scheduled
concurrently. This action ensures that the stroke test and
its associated trendable parameters are performed under
repeatable conditions to the extent practicable.

74

replacement, repair, modification, or maintenance activ-
ities, where the basis is properly justified and documented
by an engineering evaluation. Deviations between the
previous and new inservice test values shall be identified
and analyzed. Verification that the new inservice test
values represent acceptable operation shall be docu-
mented as described in 1V-9000.
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IV-3530 Establishment of Additional Set of Inservice
Stroke Test Reference Values. If it is necessary or desir-
able for some reason, other than stated in IV-3520, to
establish additional stroke test reference values, an inser-
vice stroke test shall first be run at the conditions of an
existing set of reference values, or, if impractical, at the
conditions for which the new reference values are
required, and the results analyzed. If operation is accept-
able in accordance with the applicable requirements of
IV-7000, a second test shall be performed under the

DIVISION 1, Mandatory Appendix IV

(d) review PRA changes and/or plant modeling
changes and apply to risk ranking as applicable

IV-3820 Risk-Informed Methodology. Eac

h AOV shall

be evaluated and categorized using a documented risk
ranking methodology. Subsection ISTE provides an ac-
ceptable method of risk ranking that may be used to cate-

gorize AOVs.

This Appendix provides test requirements for High and
Low Safety Significant Component (HSSC/LSSC) cate-

agoriesIfan Owner established more than tw
o

o risk cate-

new cgnditions as soon as practicable. The results of
the sedond test shall establish the additional reference
values.|Whenever additional reference values are estab-
lished, [the basis shall be justified and documented in the
record |of tests (see IV-9000).

IV-36Q0 Grouping of AOVs for Performance
Assessment Testing

AOV
ment t
justifi

may be grouped for periodic performance assess-
psting. Grouping AOVs shall be documented and
bd by an engineering evaluation, alternative
testingftechniques, or both. The following shall be satisfied
when grouping AOVs:

(a) AOVs with identical or similar actuators and valves
with similar plant service conditions may be grouped
togethdr.

(b) Test results shall be evaluated for all AOVs in the
group.

(c) All valve assemblies in a group shall have inseryice
performance assessment testing performed within“the
maximpim test interval.

(d) The number of valve assemblies tested from each
group fhall be determined using appropriate statistical
methodology.

(e) The same valve assembly shalknot be selected for
the petfiodic performance assessment test consecutively
for a group.

IV-3710 Reserved

IV-38

Risk
risk in
establi
quirem

0 Risk-Informed AOV Inservice Testing

informed AOV inservice testing that incorporates
bights.imhConjunction with functional margin to
h A@V grouping, acceptance criteria, exercising re-
ents, and testing intervals may be implemented.

gories, then the Owner shall evaluate thé in
SSCs and select HSSC or LSSC test requir
those intermediate SSCs.

IV-3821 HSSC AOVs. HSSG-AQVs shall i
follows:

(a) An initial performance’assessment t
performed to assess fuetional margin. The
performance assessment test may be used
requirement.

(b) Periodicperformance assessment testi
dance with J¥3410, is required for HSSC AOV|
AOVs that meet the requirements of 1V-341

(c) Insérvice testing shall be performed in
withJV*3400(b) through 1V-3400(e), as app

(d)” Requirements of [V-3520 shall be utili
replacement, repair, modification, or mainte

IV-3822 LSSC AOVs. LSSC AOVs shall i
follows:
(a) Inservice testing shall be performed in
with 1IV-3400(b) through 1V-3400(e), as app
(b) Requirements of IV-3520 shall be utili
replacement, repair, modification, or mainte

IV-4000 RESERVED

IV-5000 PERFORMANCE ASSESSMENT
METHODS

IV-5100 Performance Assessment Test
Prerequisites

All testing shall be conducted in accordance
specific technical specifications, installat

termediate
ements for

e tested as

bst shall be
preservice
0 meet this

g, in accor-
s except for
(e).
accordance
icable.

red for AOV

hance.

e tested as
accordance
icable.

red for AOV
hance.

TEST

with plant-
on details,

acceptance criteria, and maintenance, surveill

pince, opera-

IV-3810 Risk-Informed Considerations. The Owner
shall perform the following when incorporating risk
insights in the inservice testing of AOVs:

(a) develop an acceptable risk basis for AOV risk deter-
mination

(b) develop AOV screening criteria to determine each
AOV’s contribution to risk

(c) finalize risk category by a documented engineering
evaluation from a Plant Expert Panel

75

tion, or other applicable procedures.

IV-5200 Performance Assessment Test Conditions

Performance assessment test conditions shall be suffi-
cient to determine the AOV’s functional margin per
IV-6400. Test conditions shall be recorded for each

test per IV-9000.
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IV-5300 Performance Assessment Testing Limits
and Precautions

Performance assessment testing limits and precautions
include the following:

(a) Manufacturer or vendor limits and precautions
associated with the AOV and with the test equipment
shall be considered.

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

ASME OM-2020

IV-6200 Performance Assessment Test Data
Analysis

Data obtained from a test required by this Appendix
shall be analyzed to determine if the AOV performance
is acceptable. The Owner shall determine which
methods are suitable for analyzing tested parameters
for each AOV and provide the necessary instructions
for performance of the analyses.

Whenever data are analyzed, all relevant operating and

be followefﬁWmWHhaﬂm—w—mhﬁmhﬂhW
are not limjted to, water hammer and intersystem rela- The Owner shall compare performance test-dath to the

tionships.

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

IV-5400 Rerformance Assessment Test
Documents

Approved plant documents shall be established for all
performande assessment tests specified in this Appendix
and shall pfovide for the following:

(a) metlIodical, repeatable, and consistent perfor-
mance testjng

(b) collgction of performance assessment data
required t¢ analyze and evaluate the AOV functional
margin in dccordance with 1V-6400, where applicable

IV-5500 Rerformance Assessment Test
Rarameters

Sufficienf performance assessment test parameters
shall be selected for measurement to meet the require-
ments of 1{-6000.

IV-6000 RERFORMANCE ASSESSMENT TEST
NALYSIS AND EVALUATION

IV-6100 Performance Assessment Test
cceptance Criteria

Acceptanlce criterja‘shall be established for applicable
AOVs withih the stopé€ of this Appendix. Applicable test
parameterq (as‘defined in 1V-2000) shall be used.

Instrumejntation and test equipment accuracy shall be

acceptance criteria.

Performance assessment test data analysis'shall jnclude
a qualitative review to identify anomalous behgvior. If
indications of anomalous behavior.are identified, the
cause of the behavior shall bewanalyzed and corrective
actions completed, if required, in accordande with
IV-6500.

IV-6300 Performance Assessment Test Data
Evaluation

The Ownershall determine which methods are quitable
for evaluatingperformance assessment test data fpr each
AOV and-application.

The'Owner shall develop procedural guidelfnes to
estahlish the methods and timing for evaluating AOV
performance assessment test data.

Where periodic performance assessment tegting is
being performed, evaluations shall determine the loss
of functional margin that occurred over time arnd shall
consider the influence of past maintenance and tegt activ-
ities to establish appropriate frequencies for|future
performance assessment test activities.

IV-6400 Performance Assessment Test
Determination of AOV Functional Margin

Where periodic performance assessment tegting is
being performed, the Owner shall demonstrafe that
adequate functional margin exists between valve oper-
ating requirements and the available actuator Joutput
capability to satisfy the acceptance criteria (IV16100).
In addition to meeting the acceptance criteria, the [perfor-
mance assessment test interval, as required by 1Y-3410,
shall be set such that adequate functional margin shall

considered Tn accordance with ISTA-2000 when estab-
lishing the test acceptance criteria.

Acceptance criteria shall be reviewed and updated, as
required, if an AOV application is changed, the AOV is
physically modified, or the system is modified in a
manner that invalidates the acceptance criteria.

exist to provide reasonable assurance that changes in
AOV-operating characteristics over time do not result
in reaching a point at which the acceptance criteria are
not satisfied before the next scheduled test activity.

IV-6500 Performance Assessment Test Corrective
Action

If the AOV performance is unacceptable, as established
in IV-6200, corrective action shall be taken in accordance
with Owner’s corrective action requirements.
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IV-7000 STROKE TEST AND FAIL SAFE DATA

ANALYSIS AND EVALUATION

IV-7100 Stroke Test Acceptance Criteria

Test

results shall be compared to the reference values

established in accordance with 1V-3510, IV-3520, and
IV-3530.

(a) Valves with reference stroke times of greater than
10 sec shall exhibit no more than +25% change in stroke

Baarad +h £, PE2-N PTY
TC-TCTreTrente—varats

See 1V-3520 for guidance on returning a
replacement valve to service.

IV-8000 RESERVED

IV-9000 RECORDS AND REPORTS
IV-9100 Records

DIVISION 1, Mandatory Appendix IV

repaired or

The Owner shall maintain a record that shall include the

time w
(b) \
equal t
stroke
(c) )
exemp
stroke
Instn
considg

+
CoOTHparca—to—

falves with reference stroke times of less than or
10 sec shall exhibit no more than +50% change in
time when compared to the reference value.
Valves that stroke in less than 2 sec may be
ed from (b). In such cases, the maximum limiting
time shall be 2 sec.
umentation and test equipment accuracy shall be
red in accordance with ISTA-4000.

TCTT

IV-7200 Stroke Test and Fail Safe Corrective

If a
obtura
stroke
diately

Valv
accept
reteste|
and thg
tance g
verify
valve o

If th{
the cau
results

Valv
or the
deviati

Valv
results|
(see IV

Action

valve fails to exhibit the required change of
or position or exceeds the limiting values of full
fime [see [V-3420(b)(1)], the valve shall be imme-
declared inoperable.
bs with measured stroke times that do not meet the
hnce criteria of 1V-7100 shall be immediately
d or declared inoperable. If the valve is retested
second set of data also does not meet the accep-
riteria, the data shall be analyzed within 96-hr to
that the new stroke time represents-aceeptable
peration, or the valve shall be declaredinoperable.
second set of data meets the acceptance criteria,
Se of the initial deviation shallejanalyzed and the
documented in the record of tests (see 1V-9000).
s declared inoperable may be repaired or replaced
ata may be analyzed to determine the cause of the
bn and the valve shewn to be operating acceptably.
b operability based* upon analysis shall have the
of the analysisirecorded in the record of tests
-9000).

fU}}UVVills.
(a) records as required by ISTA-9000-and
(b) documentation showing that legacy’A

ISTC-9000
V program

activities met requirements within thisAppendix, if used

to satisfy 1V-3410(a)

(c) documentation of engineering evaluation per

1V-3410(e)

(d) any abnormal or erratic action in acco
IV-3410 and 1V-3420

(e) documentation of engineering evaluati
cable per 1V-3520

(f) risk raking methodology and finalize|

'dance with
bn as appli-

d risk cate-

gory from aPlant Expert Panel as documented in an engi-

neering evaluation per IV-3810 and 1V-3820
(g) documentation of performance asses
acgeptance criteria per IV-6100
th) summary of analysis, evaluation, and

sment test

functional

margin required per 1V-6200, IV-6300, 1V}6400, and

IV-7000

IV-9200 Test Plans

The Owner shall maintain a record of tes
shall include the following:
(a) testplans as required by ISTA-9000 ang

F plans that

ISTC-9000

(b) values of test data, parameters, and information

established by 1V-5000
(c) performance assessment test methods
tions, described in IV-5000, including descript
lineups, process equipment, and type of test]
(d) test plans when grouping AOVs in acco
IV-3600

and condi-
ion of valve

rdance with

77
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Division 1, Mandatory Appendix V
Pump Periodic Verification Test Program

DELETEIL
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Division 1, Nonmandatory Appendix A’
Preparation of Test Plans

DIVISION 1, Nonmandatory Appendix A

tion foxf submittal to reviewing agencies. This Appendix is
not parft of Subsection ISTA, General Requirements, but is
includdd for informational purposes.

A-200p TEST PLAN CONTENTS
A-2109 Background and Introduction

Testplans, which may consist of one or more parts (e.g.,
a part ffor general information and parts with details),
should|include the following:

(a) dates of test interval

(b) the edition and addenda of this Subsection used

(c) Gode classification of components and boundaries
of system classification including

(1) specific rules for classification
(2) lists of systems and identification of acronyms

used

(d) Jummary tables for each system showing'Code clas-
sificatign, type of components, and tests or,examinations
to be gerformed

(e) the Code requirements for each'Component that are
not beipg satisfied by the tests or examinations, and justi-
ficatioh for the substitute teSts-or examinations as
discusded in A-3000

(f) Qode Cases proposed-for use and the extent of their
application

(g9) p referenceclist of applicable documents, as
requirqgd by A-2300

(h) names, sighatures, and company affiliation of the
brs afid-approvers of the test plan

prepar

A-220

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

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTA, General Requirements, it is not part of that
Subsection.

79

{cJ] changes in substitute tests or examjinations of

A-3000

A-2300 Applicable Documents

Test plans should include a référence list of
documents. The following déeuments should
ered:

(a) 10 CFR 50

(b) edition and addenda ofthis Subsection t
portions of different editions or addenda a
identify the related requirements and c
selected fortesting or examination for e§
and addenda)

(c) Code Cases

(dpother regulatory documents

f applicable
be consid-

hatapply (if
re selected,
mponents
ch edition

(e) piping and instrument diagrams (P&IIPs)

A-2400 Code Subsections

(a) Test plans should address the follow
tions:
(1) 1STB, pumps
(2) 1STC, valves
(3) ISTD, dynamic restraints (snubbers
(b) Plans for Subsections may be combined

ng Subsec-

in whole or

part and published as one plan or as separate plans.

A-2500 Detailed Contents

(a) Test plans should include the followin
(1) specific exemptions applied to e
covered by this Subsection

g:
ch system

(2) list of components, including systenp identifica-

tion, Code classification, and nominal size
(3) tables that provide details of tests

I examina-
d in these

tions (typical information to be include

including identification, titles, and general

)

(4) a list of test and examination procedures

description

of the components to which each procedure is applicable
(b) Testplans need notinclude valves that have no test

requirements.
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A-3000 SUBSTITUTE TESTS AND EXAMINATIONS

A-3100 General

The follo

wing 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.

A-3200 Justification of Substitute Tests and

Ej

Justificat
include the

(a) Codé]
(b) Codé]

tification o

(c) iden

ASME OM-2020

(1) system or plant operating limitations
(2) inaccessibility
(3) equipment design

(4) radiation levels at the test or examination area
(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 supp

ort the

Kaminations

on of substitute tests and examinations should
following:

Class

test or examination requirements and iden-
individual components for which substitute

ification of the substitute tests or examina-

test or exajninations are planned

tions that
(d) freq

planned su|

plans for d

(e) docu

graphs ma
examinatio

re planned

liency or schedule, as applicable, for the
bstitute tests or examinations including any
eferring the required tests or examinations
mentation (drawings, sketches, or photo-
/ be used) of reasons the required tests or
s are impractical, such as

substitute tests or examinations, including
(1) description and justification of afy-¢

expected in the overall level of plant quality and
by performing the proposed substitute test$ or ex

tions in lieu of the Code requirements

(2) identification and discussion” of similar
nents (in redundant systems or\in  the same sys
be tested or examined as sudbstitutes

(3) percentage of the réquired tests or exami

that have been or will be'completed on each com

for which substituté tests or examinations are p

(4) discussion of the consequences of failur
component for which the substitute tests or exami
are planned

hanges
safety
amina-

fompo-
em) to

hations
ponent
anned
b of the
hations

2 Substitute

tests or examinations are tests or examinations that

replace Code-required tests or examinations when the Code require-
ments are considered to be impractical.
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Division 1, Supplement to Nonmandatory Appendix A

PUMP TEST TABLES

dentification of system, in system-by-system order

(b) Code classification

(0 i
(d) 1
(e) i
as sped
(At
(9) 1

satisfie]

Hentification of specific pumps to be tested

eference to drawings locating the pumps

Hentification of specific tests to be performed, such

d, flow rate, pressure, and vibration

st frequency or schedule, as applicable

eference to Code requirements that are not being
d, and identification of substitute tests

AS-20p0 SUPPLEMENT 2: INFORMATION FOR

(a)
order
(b)
(c) i
(d) 1
(e) ¥
)
includ
stroke
mode 4§

ISTC VALVE TEST TABLES

dentification of systems, in system-by-system

[ode classification

Hentification of specific valves to be tested
eference to drawings locating the valves

alve category and size

pecific information on the valves t0 be tested,
ng valve type, actuator type, normal position,
direction, test to be performed,splant operational
t the time of test, and maximum stroke time

ISTD DYNAMIC RESTRAINT (
TABLES

(a) identification gf<systems, in systemtby-system

order

(b) Code classification

(c) individdial dynamic restraints (snubbe
for test and¢examination

(d) reference to drawings locating dynam
(snubbers)

rs) selected

Cc restraints

(eJ”acceptance criteria for the tests and eyaminations

{f) test or examination methods

(g) test or examination frequency or sche
plicable

(h) reference to Code requirements that as
satisfied, and identification of substitute tests
tions

dule, as ap-

e not being
br examina-
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Division 1, Nonmandatory Appendix B*
Dynamic Restraint Examination Checklist Items

E

se of this Appendix is to provide examples of

items normally included in a checklist used to verify

preservice
This Appen|
and Insery
(Snubbers
Plants, but

B-2000 E]
IN

Some ex
included in
examinatio

(a) inadd

(b) loosd
connection

(c) ventd
cannot gray

(d) corrd
acceptable

and inservice examination requirements.
dix is not part of Subsection ISTD, Preservice
ice Requirements for Dynamic Restraints

in Water-Cooled Reactor Nuclear Power
is included for informational purposes.

KAMPLES FOR PRESERVICE AND
SERVICE

hmples of unacceptable attributes normally

a checklist to verify preservice and inservice

 requirements are as follows:

quate reservoir fluid level

, missing, or incorrectly installed structural
or fasteners

d reservoir oriented such that hydraulic fluid

ritate to snubber

sion or solid deposits that could result inun-

snubber performance

(eJ deformed structural attachment or piston
(f) weld arc strikes, paint, weld slag, adhesive,

od
{r other
deposits on piston rod or support cylinder) that could

result in unacceptable snubber performance

(g) spherical bearing not fully engaged in attathment

lug
(h) inadequate position setting

B-3000 EXAMPLES FOR'PRESERVICE ONLY

Some examples of additional unacceptable attrributes
normally included-imva checklist to verify preseryice ex-

amination requirements only are as follows:
(a) incorréct snubber load rating
(b) incorrect installed location
(c) in¢orrect installed orientation
(d) “incorrect position setting
fe) incorrect snubber configuration
{f) inadequate swing clearance

(g) snubber installed with preset locking screws used

for shipment only

(h) protective coverings or shipping plugs not r¢moved

1 This Appen
related to Sub

dix is included for informational purposes only. While it is
section ISTD, Preservice and Inservice Requirements for

Dynamic Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power
Plants, it is not part of that Subsection.
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Dynamic Restraint Design and Operating Information

DIVISION 1, Nonmandatory Appendix C

(0 PURPOSE

purpose of this Appendix is to provide guidance in
m of design and operating information, which may
ul in the development of inservice programs for
brs. This Appendix is not part of Subsection
Preservice and Inservice Requirements for

Dynanpic Restraints (Snubbers) in Water-Cooled

Reacto

- Nuclear Power Plants, but is included for infor-

mationpl purposes.

C-2000 DESIGN AND OPERATING ITEMS

Som

tion th4

progra

(a) 1

includi

(b) 4
orientd
settings

b items of snubber design and operating informa-
t may be useful in the development of an inservice
m are as follows:

nubber operation and maintenance instructions
hg parts list

esign drawings showing snubber rating, location;
tion, pin-to-pin dimensions, and hot and cold

{cJ procurement specitications

(d) snubber qualification and acceptance

(e) snubber application reports

(f) the desired reservoir fluid level as a
piston location and spatial orientation

test results

function of

(g) the correlation of actiyation velocity, acceleration,

and release rate at normal teSttemperatures

o the range

of operating temperatures expected so that the snubber

may be normalized at test temperature to per
a specified range when at its operating temy
(h) method for measuring the position se
(i) required fluid and seal material specif

form within
erature
[ting

cation

(j) limiting environmental conditions affecting service

(k) dragforce for each size and type snubbg

r furnished

(1)-the correlation of hydraulic snubber release rate at
various loads and the acceleration limiting value of

mechanical snubbers at various loads to jus

at less than rated loads

tify testing

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTD, Preservice and Inservice Requirements for

Dynamic
Plants, it

Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power
is not part of that Subsection.
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Comparison of Sampling Plans for Inservice Testing of Dynamic
Restraints

D-1000 PURPOSE

The purpjose of this Appendix is to provide information
to enable the user to make comparisons of the sampling
plans inclugled in Subsection ISTD. This Appendix is not
part of Subsection ISTD, Preservice and Inservice Require-
ments for Dynamic Restraints (Snubbers) in Water-
Cooled Redqctor Nuclear Power Plants, but is included
for informational purposes.

D-2000 DESCRIPTION OF THE SAMPLING PLANS

For simplicity, sampling plans are referred to as the
10% plan gnd the 37 plan.

D-2100 The 37 Plan
The 37 plan has an “accept” line. The acceptline is repre-
sented by the equation
N = 36.49 + 18.18C
where

C
N

nuﬂber of unacceptable snubbers
nunpber of snubbers tested

If the pointf plotted falls on or below the’ accept line, as
shown in Subsection ISTD, Figure-ISTD-5431-1, testing
of that grofip may be discontinued/ If the accept region
still has nqt been reached after testing between 100
and 200 snpbbers, then thelactual percent of population
quality (C/}¥) should be Gsed to indicate the probability of
extended of 100% teSting. A population quality of = 5%
failed snubpers will probably result in extended testing.

D-2200 The 10% Plan

The 10% plan is really a family of “accept” lin}
follow the equation

N =0.1n(1 +°€/2)

where
n = the number of sfiubbers in the test popul

The treatment of each.“accept” line is the same as ir
plan.

D-3000 COMPARISON OF SAMPLING PLAN

To'cover the wide range of numbers of snubb
acceptable population quality expected in different
two sampling plans are permitted. Both samplin
provide the required protection. Therefore, the s¢
of a plan may be based on the number of tests rg
without compromising safety. The group size effecf
two plans is specified in D-3100 and D-3200.

D-3100 Up to 370 Snubbers

The 10% plan requires the least testing for
groups. For groups up to 370 snubbers, the 10
is preferred because less testing is required. Nd
for a group of 370 snubbers, the 10% plan and
plan both require the same number of tests.

D-3200 Above 370 Snubbers

For groups that have more than 370 snubbers
planis preferred to the 10% plan. In this range, the
requires less testing than the 10% plan.

es that

ation

) the 37

S

brs and
plants,
g plans
lection
equired
for the

maller
P plan
te that
the 37

the 37
B7 plan

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTD, Preservice and Inservice Requirements for
Dynamic Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power
Plants, it is not part of that Subsection.
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Division 1, Nonmandatory Appendix E'
Flowcharts for 10% and 37 Snubber Testing Plans

E-1000 PURPOSE

ThisAppendix presents the testing plans in a flowchart

form tq
able fof

enable the user to understand the options avail-
the corrective actions when unacceptable snub-

bers aie found (see Figures E-1000-1 and E-1000-2).

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTD, Preservice and Inservice Requirements for
Dynamic Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power

Plants, it

is not part of that Subsection.
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Figure E-1000-1 Flowchart for 10% Snubber Testing Plan (ISTD-5300)
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Figure E-1000-2 Flowchart for 37 Snubber Testing Plan (ISTD-5400)
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=0 Dynamic Restraints (Snubbers) Service Life Monitoring Methods

F-1000 PI’R'P'D'SE
Degradatfion due to service environment and mainte-

nance errofs can adversely affect snubber performance.
This Appenflix discusses methods and considerations that
can be used|to predict and reevaluate snubber service life
to optimizg snubber availability during plant operation.
The service¢ life monitoring program should be based
on knowlegige of the operating environment, snubber
design limits, and service records.

F-2000 PREDICTED SERVICE LIFE

Before stlart of service, snubber service life should be
conservativlely predicted, based on manufacturer recom-
mendationg or design review.

F-2100 Manufacturer Recommendations

Manufacfurer recommendations may include seal and
fluid replagement intervals for hydraulic snubbers or
intervals for replacement of critical parts and/or lubricant
for mechapical snubbers. Such intervals may. vary,
depending ppon the application.

F-2200 Design Review

Snubber|design review should counsidér materials,
design features, and the plant operating environment.
Evaluation |of the effects of the ehvifonment on critical
snubber pafts such as seals, hydraulic fluids, lubricants,
platings, etf., should be parficularly emphasized.

F-3000 SERVICE LIFE-REEVALUATION

Service life reevaluation should include the considera-
tions discugsed’in*F-3100 through F-3320.

tions or more Irequent snubber overhaul or replafement
than originally predicted.

On the other hand, the operating envirenment|for the
majority of snubbers may be significantly less sevdre than
described in plant design specificatians. Unneg¢essary
overhaul or replacement of such,snubbers may ihcrease
the incidence of snubber failuré\by’introducing handling
or maintenance errors.

It is important, thereforg;-that the operating epviron-
ment be identified and an appropriate service lifg estab-
lished. Environmental parameters may include the
following:

(a) temperature

(b) vibration

(c) transient loading

(d). xadiation

(e). Humidity

{f) airborne contaminants

(g) leakage of adjacent components

Severe environments may be identified by plarnt oper-
ating data, direct measurement of environmental param-
eters, evaluation of the installed location [e.g., proximity to
high-temperature components, or by examinaltion of
snubbers (or snubber parts)].

F-3110 Direct Measurement of Environmental Pa-
rameters. Various types of instrumentation and| equip-
ment are available for direct measuremjent of
environmental parameters such as temperature| vibra-
tion, radiation, and humidity. Such equipment may be
used for specific snubber locations where severe ephviron-
ments are expected or asan aid in determining the ¢ause of
snubber degradation.

F-3120 As-Found Testing. As-found testing off snub-
bers removed from service can identify degrddation
due to severe operating environments

F-3100 Knowtedg

Actual plant operating environments can differ signifi-
cantly from original plant design specifications. Some
snubbers may be subjected to localized high temperatures
that are not representative of the general snubber popu-
lation. Such applications may require augmented inspec-

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTD, Preservice and Inservice Requirements for
Dynamic Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power
Plants, it is not part of that Subsection.

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 monitoring
of trendable degradation parameters for snubbers
removed from service. This might include periodic
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measurement of potentially trendable test parameters,
e.g., drag force for selected snubbers. Periodic disas-
sembly 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 ex-
amination of snubbers or snubber parts, by sampling of
hydraulic fluid, or by evaluation of functional test data.

F-3220 Trending. The following should be considered

DIVISION 1, Nonmandatory Appendix F

F-3310 Failure Evaluation Data Sheet. Failure evalua-
tion data sheets should include information pertaining to
failure mode, failure mechanism, environment, service
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.

for trending:

(a) ¢stablishment of trending parameters and asso-
ciated paseline data

(b) frending parameters should relate directly to the
anticippted failure mode

(c) teservoir fluid level is the most appropriate
trendirlg parameter for monitoring snubber leakage

(d) frends may be more effectively identified using
averagge rather than peak drag force

F-3300 Cause Evaluation of Degraded or Failed
Snubbers

Failu
servicq
includg
and m

res often result from influences not related to
time or service environment. Such influences

maintenance activities, construction activities,
hnufacturing defects. It is important to ensure
that sefvice life is not unjustifiably influenced by such fail-
ures or|degradation. Therefore, snubbers that failed inser-
vice examinations or tests, and snubbers removed from
serviceldue to excessive degradation, should be evaluated
to determine the cause of the degradation or failure.

It may be necessary to shorten the service
bers subjected to severe environments; sud
sively high temperatures and vibration. S
severe environments may reqire augmen{
lance, including “hands-on’” evaluations (e.
or in-situ monitoring).

F-5000 SERVICE LIFE EXTENSION

In many cases, where there has been minin
tion due to thé service environment, it may be
to extend the previously established service
life extension should be based on a technical e
snubber performance that includes the curr
service-related degradation as well as the (
rate.

F-6000 SEPARATE SERVICE LIFE POPU

ife of snub-
h as exces-
nubbers in
ed surveil-
p., stroking

al degrada-
hppropriate
life. Service
valuation of
ent level of
egradation

LATIONS

Depending on the significance of environmental

extremes from one area in the plant to anoth
and distinct service life populations may be 4

er, separate
ppropriate.
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Application of Table ISTD-4252-1, Snubber Visual Examination

G-1000 PURPOSE

This Appendix provides guidance for use of
Table ISTD{4252-1 to determine subsequent snubber ex-
amination interval.

G-2000 ASSUMPTIONS

The assumptions used are as follows:

(a) snubper population = 750 snubbers installed in the
unit
(b) accegsible portion of the population = 300
(c) inaccgssible portion of the population = 450

(d) nornjal fuel cycle = 12 months

NOTE: Examfnation intervals may vary by #25% (i.e., examina-
tion can be performed between 9 months and 15 months).

G-3000 CASE 1: EXAMINE ACCESSIBLE AND
INACCESSIBLE SNUBBERS JOINTLY

If the dedision is made to examine the snubber popula-
tion without categorizing snubbers as accessible orifiac-
cessible in|accordance with ISTD-4220, then the,total
number of $nubbers unacceptable to the visual‘examina-
tion requir¢ment is used in Table ISTD-425241 to deter-
mine the next examination interval.

G-3100 Application of Column ‘A

If the tofal number of unacCeptable snubbers found
during curfent examination:is*20 or less, referring to
population|line for 750,sniibbers and Column A, then,
in accordance with Note-(3) of Table ISTD-4252-1, the
next examipation interval is twice the previous interval
but not grefiter than'48 months. If the previous examina-
tion intervdl wasithe normal fuel cycle, the examination
during the next fueling outage may be skipped. Thus, the

G-3200 Application of Column B

On the 750 population line, if the number-ofunpccept-
able snubbers is greater than 20 but less than or gqual to
40, referring to Column B and Note (4), the next|exami-
nation interval is the same as the previous interyal (12
months).

G-3300 Application of Less Than or Equal fto

Column C and Recovery

If the number of unacceptable snubbers is greater than
40, but less than\or equal to 78 (say 60), referring to
Columns B and*C and Note (5), then interpolatipn may
be used or the'interval is reduced to two-thirdg of the
previous-interval. If the previous interval was the 12-
month(hormal fuel cycle, then the next examjnation
interval is % x 12 = 8 months. Alternatively, for{60 un-
acceptable snubbers, interpolate between Columnis B and
C, i.e.,, examination interval

(12-18)
(78 — 40)
= 8 + 1.89 = 9.89 months

2/3><12+[ x (78 — 60)

However, for determining the subsequent examlination
interval, use the previous interval as 8 months without
interpolation, or 9.89 months when interpolation |s used.

The number of unacceptable snubbers found dufing the
subsequent examination done at an 8-month o 9.89-
month interval will determine the next examjnation
interval as follows:

If the number of unacceptable snubbers is

(a) less than or equal to Column A, the next e§amina-
tion interval is 2 x 8 months or 2 x 9.89 months

(b) greater than Column A but less than or egual to
Column B, the next examination interval is 8 months

next examination is due at 24 months +6 months (+25% of
24 months). If the number of unacceptable snubbers found
atthe next examination is equal to or less than the number
in Column A, the interval may be doubled again, but not to
exceed 48 months.

! This Appendix is included for informational purposes only. While it is

related to Subsection ISTD, Preservice and Inservice Requirements for
Dynamic Restraints (Snubbers) in Water-Cooled Reactor Nuclear Power
Plants, it is not part of that Subsection.

90

or 9.89 months

(c) greater than Column B but less than or equal to
Column C, the next examination interval is two-thirds
of 8 months or two-thirds of 9.89 months, or interpolate
between Columns B and C
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G-3400 Application of Table When Number
Exceeds Column C

For a population of 750 snubbers, if the number of un-
acceptable snubbers is greater than 78 (i.e., the number
shown in Column C), then the next examination interval is
two-thirds of the previous interval. If the previous interval
was the normal fuel cycle of 12 months, the calculation is
%, x 12 = 8 months.

INACCESSIBLE SNUBBERS SEPARATELY
If the decision was made to examine the accessible and

inaccegsible snubbers as separate categories, results are
used s¢parately in Table ISTD-4252-1.

G-400(

Determine the Values From Columns A
Through C

The|values for 300 snubbers are given in
Table }STD-4252-1. However, for the 450 inaccessible
snubbdfrs, interpolate to determine the number of unac-
ceptable snubbers for each column. The interpolation may
be applied whenever the exact population or category

G-410¢0

quantitly is not given in Table ISTD-4252-1.

Snubbers Column A Column B Column C
300 accgssible 5 12 25
450 inagcessible 10 21 42

DIVISION 1, Nonmandatory Appendix G

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
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 nektgxamination
interval for the accessible category is the-previpus interval

(b) ifthe number of unacceptable snubberqin the inac-
cessible category is 6 (less than«or‘equal tq Column A,
which is 10 for 450 snubbers], then the n¢xt interval
for the inaccessible categoryis'twice the previpus interval

G-4300 Recombining-Categories Into One
Population

If the accessible and inaccessible categories have
different infervals for the subsequent expmination,
they may.bé&lexamined jointly at the shorter gxamination
interval‘required by either category. Use the shorter
interval'as the previous interval in determining the subse-
quéent examination interval for the entire population.
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Test Parameters and Methods

H-1000 PURPOSE

This Appgendix provides guidelines for establishing
snubber fupctional test methods that will produce infor-
mation conppatible with Subsection ISTD requirements.
These guidelines do not preclude any particular test
equipmentfor method. Manufacturer recommendations
should be |considered. EPRI Report No. TR-102363,
Evaluation|of Snubber Functional Test Methods, July
1993, provides additional guidance.

H-2000 TEST VARIABLES

Snubber
These vari

unctional testing involves three test variables.
hbles are force, displacement, and time. All
snubber te$t parameters are measured in terms of one
or more of these variables. For example, velocity is
measured as change in displacement per unit time, accel-
eration is measured as change in velocity per unit time.

Snubber functional tests involve measuring at least one
of these vaifiables as a dependent variable, while control*
ling at leasf one of the other variables.

H-3000 TEST PARAMETER MEASUREMENT

Subsectiqn ISTD requires measurement-of'one or more
of the following parameters:

(a) dragfforce

(b) activption

(c) releape rate

H-3100 D

Drag forfe is measured by controlling the snubber
stroke displacementdyhile measuring the resulting resis-
tance force{Generally, the rate of change in displacement
(velocity) i$ also“controlled.

ag Force Measurement

mechanical snubber. The three activation parameters
are discussed in H-3210 through H-3230.

H-3210 Locking Velocity. Locking velogity is
measured by stroking the snubber\at a gradually
increasing velocity. Generally, the rate) of change |n velo-
city (ramp rate) is also controlled. Locking velpcity is
determined by recording stroke velocity at the goint of
control valve closure. Controlvalve closure may He iden-
tified using a number oftindicators including the point of
sudden force increase.

H-3220 Velocity Threshold. Velocity threshold is
measured by stroking the snubber at a velocity sufficient
to activate thewelocity limiting mechanism. After|activa-
tion, a specified constant force is applied. Velocity
threshold is determined by recording the ayerage
stroke ‘velocity over a specified time period or|stroke
distance, after the force stabilizes at the sppcified
value. This applies to a velocity-limiting device.

H-3230 Acceleration Threshold. Acceleration
threshold is measured by stroking at an acceleratigqn suffi-
cient to activate the acceleration limiting mechanism.
After activation, a specified force is applied. Acceleration
threshold is determined by recording the average accel-
eration over a specified time period or stroke dfstance,
after the force stabilizes at the specified value. This
applies to an acceleration-limiting device.

H-3300 Release Rate Measurement

Release rate is measured by applying a specified
constant force to the snubber while measuring the
resulting stroke velocity. Release rate is determined by
recording the average stroke velocity over a syecified
time period or stroke distance, after the force stabilizes
at the specified 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 Appendix is included for informational purposes only. While it is
related to Subsection ISTD, Preservice and Inservice Requirements for
Dynamic Restraints (Snubbers) in Water-Cooled 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 differ-
ences in instrumentation, the magnitude of controlled
variables, variations in test machine control methods, en-
vironmental influences, and variations in data interpreta-
tions.
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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 representative
of the anticipated thermal movement rate of the compo-
nents to which the snubbers are attached. Establishing
standard drag test velocities will also facilitate identifica-
tion of trends.

NOTE: For acceleration-limiting snubbers, the ramp rate (accel-
eration) to the desired drag test velocity should be maintained at

DIVISION 1, Nonmandatory Appendix H

threshold, on the other hand, are measured while applying
a force to the snubber. For these parameters, the effect of
variations in test force should be established for each
snubber model, for either correlation purposes, or for
verification that the parameter is unaffected by such varia-
tions.

H-4300 Velocity Ramp Rate

Locking velocity test results may be affected by velocity
ramp rate (the rate of increase of stroke velocjty). Results

1 sl 1 P 1 . . 1 Tl
a level IIdU IS TESS UldIT dITULIP AU dCUVAUUIT UITTSITUTU.

H-4200 Test Force

H-4210 Effect on Release Rate. The relationship
betwedn release rate and test force is generally consistent
and pre¢dictable. Release rates measured at any test force
can geperally be reliably converted to the associated
releaselrate value at the specified test force using empiri-
cally derived correlation curves or equations. For
example, the release rate of a snubber tested at 60%
of rated load may be converted to the corresponding
release| rate at 100% of rated load.

H-4220 Effect on Activation. Locking velocity is unaf-
fected py test force because the test force is not applied
until after activation. Velocity threshold and acceleration

oflocking velocity tests conducted at a ramprdte less than
2 in./min/sec will generally be unaffected.in [this regard.

H-4400 Data Recording

A continuous recording of test variabled should be
performed. These data willassist in verification of the
test results and resolution of any snubber performance
anomalies.

H-4500 Verification of Test Results

Some testmachines calculate and print test flesults auto-
maticallysManual verification of automatically generated
results, will help validate the printouts. See allso H-4400.
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Division 1, Nonmandatory Appendix J*
Check Valve Testing Following Valve Reassembly

STDISASSEMBLY TEST
ECOMMENDATIONS

Check valve is disassembled and examined
impractical to verify it open or close, verifying
reassembly of the valve should not require
e of the impractical test. Since an examination
the test matrix, shown in Table J-2000-1, was

irements. Some of the examples recommend a

developed :]o help the Owner establish post-maintenance

demonstra

ion of the nonsafety function (e.g, if a valve is

disassembled because closure cannot be demon
then an open test to at least partially open the ‘eb
isrecommended). Disassembly and examination aq
cannot be used to satisfy a leakage test requirey
postmaintenance testing is not practicable, the
should take other appropriate actions to ensure
reassembly.

J-3000 TEST MATRIX

The test matrix, shown'in Table J-2000-1, provi
ommendations forthe Owner’s use in establishin
maintenance <ést requirements. Where m
recommenddtions are provided, the recommen
are listed th erder of preference.

trated,
turator
tivities
nent. If
Owner
proper

les rec-
g post-
iltiple
lations

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTC, Inservice Testing of Valves in Water-Cooled
Reactor Nuclear Power Plants, it is not part of that Subsection.
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Table J-2000-1 Check Valve Test Matrix

DIVISION 1, Nonmandatory Appendix ]

Valve Exercise
Requirement

Reason for Disassembly

Postmaintenance Testing Recommendation

Safety Function:
Open

Close

Cannot achieve flow to fulfill its intended function

Cannot verify closure

1. Perform an open test to partially open the obturator, if

practicable

2. If a seat leakage requirement exists, do the leakage test

3. Perform a closure test

Perform an open test to at least partially open the

practicable
e

Opern} and Close

Oper} and Close

Oper} and Close

Cannot achieve flow to fulfill its intended function

Cannot verify closure

Cannot achieve flow to fulfill its intended function,
and cannot verify closure

1. Perform an open test to partially open thee Jobt
practicable

obturator, if

rator, if

2. If a seat leakage requirement exists, do/the leakage test

3. Perform a closure test

Perform an open test to at least/partially open the
practicable

Perform an open test to~partially open the obturg
practicable

obturator, if

tor, if
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Division 1, Nonmandatory Appendix K'
Sample List of Component Deterministic Considerations

K-1000 P

This Appendix provides guidance to the Plant Expert
Panel for categorizing components as HSSC or LSSC.

MPLE DETERMINISTIC
NSIDERATIONS

K-2000 S
c

K-2100 D
(a) Is t

analysis?
(b) Isth
the Safety
(c) Aret
for this co

sign Basis Analysis

e component considered in design basis

component function considered important in
nalysis Report?

ere any technical specification considerations
ponent?

K-2200 Radioactive Material Release Limit

(a) Couldl the failure of this component be considered a
breach in ajn engineered safety barrier?

(b) Could the failure of this component result in.an
uncontaingd release of radioactive material in extess

of that allowed?

K-2300 Maintenance Reliability

(a) Is thg
reliability?
(b) Wha
enced for t
(c) What
the reliabil

component important to maintaining system

type of component failuses have been experi-
his and similar style.components?

does the maintenance history indicate about
ty of this compenent?

{d] Does the component receive preventive fnainte-
nance, and is it effective for preventing identified-failures?
(e) How are component failures detected?

K-2400 Effect of Component Failure on Sy
Operational Readiness

stem

(a) Is the component important to maintaining
availability?

(b) How does component failure affect system
mance?

(c) Does component failure cause other system
nent failures?

(d) What is‘the system component level of defense in
depth?

(e) Dgdés the system or component perform oth
tions ‘olitside the scope of the PRA?

f)* Can system or component failure modes
reédundant trains or other similar components?

system
perfor-

Compo-

br func-

affect

K-2500 Other Deterministic Considerations

(a) Should other component failure modes be fonsid-
ered in the PRA model?
(b) Is this component used to mitigate the|conse-
quences of an accident caused by external eventg?
(c) Is this component important for safe shutdown?
(d) 1s 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)?

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTE, Risk-Informed Inservice Testing of
Components in Water-Cooled Reactor Nuclear Power Plants, it is not
part of that Subsection.
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Division 1, Nonmandatory Appendix L'
Acceptance Guidelines

DIVISION 1, Nonmandatory Appendix L

L-1000 PURPOSE

This|
criterig

L-ZOOI
L-210
The 1
dix are|
the twd
metric
those
(Figurd
are est
guideli
scope
power

Appendix provides guidance on the decision
for aggregate risk limits using CDF and LERF.

ACCEPTANCE GUIDELINES

Background and Introduction

iskacceptance guidelines presented in this Appen-
structured as follows. Regions are established in
planes generated by a measure of the baseline risk
(CDF or LERF) along the x-axis, and the change in
metrics (ACDF or ALERF) along the y-axis
s L-2100-1 and L-2100-2). Acceptance guidelines
hblished for each region as discussed below. These
hes are intended for comparison with a full PRA
[including internal events, external events, full
low power, and shutdown) assessment of the
changelin risk metric, and, when necessary, as discussed
below, fhe baseline value of the risk metric (CDF or LERF).
Howevger, it is recognized that many PRAs are hot full
scope, ind the use of less than full scope PRA information
is acceptable as discussed in this subsection:

There are two acceptance guidelines, 9ne‘for CDF and
one fo LERF, both of which should be,used.

L-2110 Acceptance Guidelines‘for CDF. The accep-
tance gduidelines for CDF are as-follows:

(a) If the change can be-elearly shown to result in a
decreage in CDF, then the change is satisfactory.

(b) When the calculated increase in CDF is very small,
which §s taken as being less than 1E-06 per reactor year,
the chgnge should be considered regardless of whether
there {s a caletdation of the total CDF (Region III).
While thefeyis no requirement to calculate the total
CDF, should there be an indication that the CDF may

(<) there has been an 1dentification of
vulnerability from a margins type analysis-o
(3) historical experience at the plant in ¢
indicated a potential safety concern
(c) When the calculated increase’in CDF is
of 1E-06 per reactor year to TE-05 per rd
changes should only be considered if it can be
shown that the total CDE-is less than 1E-04
year (Region II).
(d) Applications-that result in increases tg
1E-05 per reactor year (Region I) should not
considered.

L-2120:Guidelines for LERF. The guidelin
are as‘follows:
(a);If the change can be clearly shown to
decrease in LERF, then the change is satisfa
(b) When the calculated increase in LERF i
which is taken as being less than 1E-07 per |
the change should be considered regardless
there is a calculation of the total LERF (1
While there is no requirement to calculat
LERF, should there be an indication that the
be considerably higher than 1E-05 per re
then the focus should be on finding ways f{
rather than increase it. Such an indicat
result, for example, if
(1) the contribution to LERF calcula

a potential
r
uestion has

n the range
actor year,
reasonably
per reactor

CDF above
hormally be

es for LERF

result in a
Ctory.

very small,
pactor year,
of whether
Region III).
e the total
LERF may
actor year,
o decrease
ion would

ted from a

limited scope analysis, such as that the IPE, and, if appro-

priate the IPEEE, significantly exceeds 1E-0
(2) there has been an identification of
vulnerability from a margins type analysis o
(3) historical experience at the plantin
indicated a potential safety concern
(c) When the calculated increase in LERF is

b
a potential
r
uestion has

in the range

of 1E-07 per reactor year to 1E-06 per rq

actor year,

be considerably higher than 1E-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 limited
scope analysis, such as the PRA, and, if appropriate, the
PRA with external initiating events, significantly exceeds
1E-04

! This Appendix is included for informational purposes only. While it is
related to Subsection ISTE, Risk-Informed Inservice Testing of
Components in Water-Cooled Reactor Nuclear Power Plants, it is not
part of that Subsection.
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changes should only be considered 1f 1t can be
shown that the total LERF is less than 1E-05
year (Region II).

reasonably
per reactor

(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
criteria are intended to provide assurance that proposed

increases in CDF and LERF are small.


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

DIVISION 1, Nonmandatory Appendix L ASME OM-2020

Figure L-2100-1 Acceptance Guidelines for CDF (Adapted From RG 1.174)

w Region |
o
o [Note (1)]
<
10-5
Region
fNote 27}
10-6
Region Il
[Note (3)]
10-5 10-4 “_CDF —
O
NOTES: Q
(1) Region I:|No changes allowed. O
(2) Region II Q
(a) Small] changes \\
(b) TracH cumulative impacts ‘\0
(3) Region IIJ: Q)
(a) Very pmall changes \\S\
(b) More|flexibility with respect to baseline CDF $
(c) Track cumulative impacts N Q)
N\

The analy
and manag
which a ¢
context of
Expert Pan
not be inte

xO
sis may be subject to a more detailed te h@\gh values associated with defining the regions
bment review depending upon the dégree to figure are to be interpreted as being absolute.
hange resides in a given region, In the As indicated by the shading on the figures, the
he integrated decision maki@the Plant request should be subject to a technical and mana
el, the boundaries betwee ions should review that becomes more intensive the closer th

rpreted as being define') the numerical lated results are to the region boundaries.

fioh

in the

change
bement
e calcu-
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Figure L-2100-2 Acceptance Guidelines for LERF (Adapted From RG 1.174)
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Division 1, Nonmandatory Appendix M
Design Guidance for Nuclear Power Plant Systems and
Component Testing

M-1000 PURPOSE sonnel should establish an effective design @nd’qualifica-

This Appendix provides guidance for the design of
systems arjd components in nuclear power plants to
support preservice and inservice testing in accordance
with the r¢quirements of Divisions 1 through 3. The
guidance i$ intended to support design activities for
new plant cpnstruction, but can be considered for existing
plant systems.

nuclear power plant operating experience and

equipmentto be used in nuclearpower plants. ASM
1-2007 provides one approach for the functional

restraints.
M-2000 TCKGROUND M-3100 Genefal'Test Capability Guidance
Nuclear power plants are required to comply with the (a) Identify'the components and systems that

requiremerfts for preservice and inservice testing set forth testing based upon review of the Scope statem
in the applicable edition of Division 1. In the past, Code Divisions 1 through 3 with consideration of ap

tion process for pumps, valves, and dynamic restraints.
ASME QME-1-2007" incorporates lessons learndd from

testing

programs for the design and qualification of medhanical

[E QME-
design

and qualification of pumps, valves, and dynamic

require
ents of
proved

applicability has caused Owners to obtain relief from some plant-specific probabilistic risk assessments (PRAS), regu-

of these redquirements or to perform costly modifications ldtory issues, or other design considerations.

due to llm tathnS in deSlgn or CODStI‘uction. Wlth the (b) Determlne the Spec]flc test requirem()nts Of
inception of a new generation of nuclear power plantsx'. Divisions 1 through 3 for each component and fsystem
it is prud¢nt that these limitations be eliminated identified per (a).

during the design phase. (c) Review the system design and the component speci-

In additign, Divisions 2 and 3 have been develeped to fications for testability for each test identified in
provide guiflance for performance testing of various plant provide design features to support the required

(b) and
festing.

systems arfd components. The design of\new nuclear Not all requirements will apply to each component or

power plangts provides an opportunity to,enhance testa-  gystem situation. Considerations include
bility throjugh incorporation of gppropriate design (1) the capability to perform full-flow testin
features. system or pump

This Apppndix is intended tg'support design organiza- (2) the capability to perform required testing
tions and is specifically infended to advise personnel  any plant operating mode, including normal ope
responsiblp for the desigh of these plants regarding (3) minimizing impact on plant safety and 1
the provisigns that should’be considered when designing (4) minimizing Technical Specification Actio
systems and components that will subsequently be subject ment entries
to ASME OM requirements for preservice and inservice (5) minimizing safety-system availability im
testing. Spdcific’guidance is provided for selected parts (6) minimi

zing temporary plant alterat

b of the

during
ration
isk

h State-

pact
ons to

(7) the capability to perform required leakage
M-3000 GUIDANCE testing (e.g,, valve, system, containment building, etc.)

Lessons learned from nuclear power plant operating
experience, industry degradation-monitoring programs
for systems and components, and regulatory testing

programs have revealed the need for an effective considerations

design and qualification process to allow the preservice

and inservice testing programs to properly assess the

operational readiness of plant components to perform

their safety functions. To address this need, design per- 15 accepted in Revision 3 to NRC Regulatory Guide (RG)

100

(8) the required test-instrumentation accuracy
(9) instrumentation, component, and system acces-
sibility for plant personnel, including dose and safety

1.100.
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(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)

(11) installing dedicated containment electrical
penetrations for use by startup instrumentation, including
provision for separate power and control penetrations

(12) minimizing the need for relief from the testing
requirements of Division 1

(13) accommodating the application of software-
based digital technology for pumps and valves

DIVISION 1, Nonmandatory Appendix M

ditions. Ensure that protection is provided to prevent
pump runout. Evaluate the benefit of using normal
system piping or dedicated test piping (or a combination)

to ensure the flow testing range is accommodated.

(d) Design the systems for implementa

tion of the

comprehensive pump-testing provisions of 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 limits. If the test flow path will not

(1K) assessing the potential adverse effects on
pumps|and valves from flow-induced vibration caused
by hydfodynamic loads and acoustic resonance, by eval-
uating [potential vibration levels as part of the design
proces$, establishing vibration acceptance criteria, and
monitdring vibration levels and performing walkdown
assessinents during preservice and inservice testing

(1p) coordinating preservice testing and inspec-
tions, fests, analyses, and acceptance criteria (ITAAC)
activitips during the design process, where applicable

(1p) the proper maintenance of inservice testing
compopents and personnel training during the design
process, and their relationship to preservice and inservice
testing|requirements

(d) Document the actions taken and the associated
bases fo address (a) through (c) in an appropriate
mannef that supports historical understanding of the
bases fpr the design decisions.

M-32

Subs
cally a
from p
and eV
suppot
plant i
to be ¢
piping
or feat

M-37
full floy

(@) ]

able so

Subsection ISTF (Pumps)?

ction ISTF requires that pumps be testedperiodi-
d performance data collected such that,deviation
redetermined reference values can be determined
aluated. Consider the following.information to
t Subsection ISTF testing and to minimize the
mpact from periodic testing./Some features are
onsidered within the-design of the connected
system, while others\are required information
ires within the pump’specification.

110 Flow. Proevide a broad flow range, including
v, considering-the following:

esign the piping network to draw from an avail-
irce and return. Ensure that the entire testing flow
path cqntaifs adequate vent valve locations to address
potential gas accumulation. This is a system requirement

have adequate cooling, describe this limi
pump purchase specification or consider
recirculation-path heat exchanger with the
for heat-removal cooling during power oper

(f) Document expected test durations and p

parameters in the pump design-specification.

(g) Design the flow path forthe tested pun
the operability of other puinps is not impacte
test. Ensure that the 'discharge of the teste
designed to avoidyadverse interaction Y
systems (e.g., shared miniflow, causing inop
an alternate-train).

M-3220-Test Data Collection. Consider th
when ‘data collection is required:
(d)Provide permanently installed instrt
that will meet or exceed Subsection ISTH
ment-accuracy requirements to support dat3
(1) Provide direct-flow measurement c
the discharge piping of each individual pun
pump requiring Subsection ISTF testing.
(-a) Avoid reliance on a single wide-r:
ment located in a common pump-discharge
example, provide a flow orifice with permane
tial pressure instrumentation.

tj:lion in the

alternate
capability
htion.
erformance

ip such that
L during the
d pumps is
vith other
erability of

e following

mentation
measure-
collection.
apability in
p, for each

nge instru-
header. For
nt differen-

(-b) Provide a suitable piping arrajpgement to

assure accurate flow measurement.

(-c) Consider recommended location
as prescribed within a standards documsg
ISO 5167:2003.

(2) Provide pump-discharge and suctio
measurement instrumentation in close prox
pump for measuring differential pressur
pump requiring Subsection ISTF testing. Loc3
taps in the piping configuration per the instru
facturer’s recommendations or suitable ind

limitations
nt such as

h pressure-
mity to the
e for each
te pressure
ment manu-

ustry stan-

(b) Design the piping path for use during normal power
operation. This is a system requirement.

(c) Design throttling capability for the full range of
required pump operation, from minimum flow to
maximum required design-basis flow. Select valves
with throttling resolution compatible with design test con-

% Subsection ISTF applies to nuclear power plants with a construction
permit or combined license issued on or after January 1, 2000;
Subsection ISTB applies to nuclear power plants with a construction
permit issued prior to January 1, 2000.
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dards such as those published by American National
Standards Institute/Hydraulic Institute (ANSI/HI) or by

ASME in the Performance Test Codes.

(3) Provide forvibration and speed measurement for

each pump requiring Subsection ISTF testing.

In addition,

consider permanently installing accelerometers 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 readability
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)

Subsectiqn
cally and pprformance data collected to ensure that the
valves are gerforming within specified acceptance limits.

Based on the required function(s), provide for the
following types of testing in the plant design.

M-3310 |eak-Rate Testing of Subsection ISTC, Cate-
gory A Valyes

(a) Design system configurations to support leak-rate
testing as fpllows:

(1) Prpvide upstream and downstream isolation
capability quch that the test volume can be pressurized
with the appropriate medium to the required test pres-
sure. For example, for containment isolation valves (CIVs)
that may come in direct contact with the primary contain-
ment atmgsphere following an accident, provide the
capability [to perform leak-rate testing using air or
other pnefimatic media at a pressure equal to the
maximum postaccident containment pressure.

(2) Prpvide test connections upstream and down-
stream of the Category A valves for pressurization and
venting to ¢nsure that the required pressure differential
is achieved pnd that the Category A valves can be tested in
the accidenjt mitigation direction.

(3) Provide capability to test valves during normal
plant operdtion where practical.

(4) Lojcate valves to be accessible during normal
plant operdtion.

(5) Provide a test configuration that will not affect
the operability or availability ofredundant systems during
the test dufation.

(6) Provide the capability to isolate individual valves
to support [testing and-facilitate diagnosis or repair for
system configuratiens’with parallel isolation valves.

(7) Prpvide capability to perform leak-rate testing
using the sprvicé medium for the system at a pressure
equal to theTaxtmuT
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
temporary pressure-measurement instrumentation that
will meet Subsection ISTC measurementaccuracy require-
ments for the test connections described in (a)(2).

(2) Provide suitable arrangement for measurement
of leakage flow, pressure feed rate, or pressure decay
versus time. Provide means to contain leakage inventory

pre ure to Wr NE Valve W
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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, Cate-
gory A and Category B Valves. Design system configura-
tions to support exercise testing as follows:

system
itdoes

isnotadversely impacted by stroking the valve (i.e.
not cause loss of system keep-fill function):

(b) Provide system configuration such that th
ability or availability of redundant valves or s
are not impacted during the stroke\test.

e oper-
ystems

M-3330 Exercise Testing of Subsection ISTC
gory C Valves

, Cate-

(a) Design system configurations to support gxercise
testing as follows:

(1) Provide test'connections upstream of th
valve to allow reverse-flow testing.

(2) Provide test connections as required to g
makeup orvmotive flow for forward- and rever
testing

(3) Provide testable check valves where r¢
forward- or reverse-flow testing cannot be perfd

(b) Design test-data collection capability to s
exercise testing as follows:

(1) Provide instrumentation to verify that fd
flow criteria are met for check valves.

(2) Provide instrumentation upstream of th
valve to facilitate reverse-flow testing.

(3) Refer to M-3310(b) for further instrumej
guidance.

b check

cilitate
ce-flow

quired
rmed.

upport
rward-

b check

ntation

M-3340 Exercise Testing of Subsection ISTC
gory D Valves

, Cate-

(a) Design system configurations to support IFTC re-
quirements as follows:

(1) Provide unobstructed local visual access
reclosing pressure relief devices.

(2) Provide unobstructed local access to the

on pyrotechnic-actuated (squib) valves.

to non-

charge

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 mate-
rial that might adversely impact the performance or integ-
rity of the squib valve and its actuator.
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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.

(b) Forvalves 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.

DIVISION 1, Nonmandatory Appendix M

(3) Ensure the system design allows for the periodic
verification of AOV design-basis capability during preser-
vice 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 A
(d) Diagnostic Testing of Hydraulic-Oper:
(HOVs)

OVs.
ated Valves

Considgr the following provisions in the valve specifica- (1) Specity valve assemblies (valve an

tion or|plant design as appropriate: with built-in, or with the ability to accept
(a) Design test-data collection capability to support and diagnostic equipment (e.g., smarg-valve {

diagnolstic testing of motor-operated valves (MOVs), (2) Consider guidance provided fo

air-opg¢rated valves (AOVs), and hydraulic-operated Division 3, Part 19.

valves [HOVs) as follows: (3) Ensure the system design allows for

(1
collecti
rametgq
setup 3
requirg

]
guidan

(b)
(MOVs)

(]
with b
and di

Provide inputs to the plant computer to allow
on of sufficient diagnostic data of performance pa-
rs for power-operated valves to ensure proper
nd performance evaluation per Subsection ISTC
ments.

Refer to M-3310(b) for further instrumentation
Ce.

Diagnostic Testing of Motor-Operated Valves

Specify valve assemblies (valve and operator)
1ilt-in, or with the ability to accept, monitoring
agnostic equipment (e.g., stem strain gages;
smart{valve technology). Include quick-disconnect
capability for diagnostic equipment to the valve motor
and infernal torque and limit switches.

(2) Specify that the valve design provides\for moni-
toring potential rotor degradation, where applieable (such
as in njagnesium rotors).

(3) Ensure the system design allows for the periodic
verificdtion of MOV design-basis capability during preser-
vice anfl inservice testing. Desigi the system to allow MOV
testing| at design conditions((e.g., full-flow and design
tempertfature and pressure). This includes considerations
set fortth in Division A3 Mandatory Appendix III that
mandafe that a program be established to ensure that
MOVs [continue.tobe capable of performing their
designibasis safety functions.

(4) Provide ready access at motor-control centers to
allow diagnostic testing of MOVs.

verification of HOV design-basis capability du
vice and inservice testing-Design the system t
testing at design conditions (e.g., full-flow
temperature and préssure).

(4) Ensur€ the system and valve design

1 operator)
monitoring
echnology).
r HOVs by

he periodic
ring preser-

allow HOV
and design

applies the

lessons learhed from MOV-operating expe
performance testing to facilitate testing of H
(e) Check Valve Testing
£1) Consider specification of external
ment devices.
(2) Consider specification of built-in, or
accept, monitoring and diagnostic equipmen
(f) Safety/Relief Valve Testing

rience and
OVs.

disk move-

he ability to
t.

(1) Provide local access for removal andl reinstalla-

tion of relief valves to accommodate remote
(2) Provide isolation for relief valves
system draindown and refill impact du
removal, while maintaining compliance with
design Codes.
(g) Manual Valve Testing. Specify h

testing.

0 minimize
e to valve
applicable

hind-wheel

capability with appropriate extension shaffts for local

unobstructed access to valves during norma
Provide access for the operation, periodic
inspection of manual valves to ensure thei
to perform any applicable safety functions
basis system and environmental conditions.

M-3400 Subsection ISTD (Snubbers)

operation.
esting, and
" capability
at design-

(a) Selectthelocation along the pipe to miqimize inter-

(5 Sunecifir MOV orientation-andlocation during the
J r J t=)

design process to ensure consideration of the potential
impact on access for IST activities and maintenance.
(c) Diagnostic Testing of Air-Operated Valves (AOVs)
(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 AOVs by
Division 3, Part 19.
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ference with local structures, components, and adjacent

piping.

(b) Provide local access to snubbers for visual inspec-

tion and for removal for testing and reinstal

lation.

(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.
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(f) Consider specifying snubbers with built-in, or with
the ability to accept, diagnostic equipment (e.g.,, load pin
and displacement transducers) where appropriate based
upon size, ease of removal, location access, and opera-
tional impact of removal.

M-3500 Other Considerations

The following are considerations for the design organ-
ization to accommodate testing of certain non-Code
components.and monitoring systems

ASME OM-2020

(c) Consider provisions of permanently installed in-
strumentation 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
ISTF, refer to M-3200 and M-3300, respectively, for addi-
tional guidance.

M-3560 Division 2, Part 3 (Vibration Testing of Piping
Systems), and Division 3, Part 7 (Thermal Expansion

M-3510 Pivision 2, Part 21 (Inservice Performance
Testing of [Heat Exchangers), and Division 3, Part 11
(Vibration Testing and Assessment of Heat Exchangers)

(a) Eval
ments of D

ate the need for future testing per the require-
vision 2, Part 21, and Division 3, Part 11.

(b) Design installed instrumentation accordingly with
consideratipn of associated accuracy. Pay particular atten-
tion to tempperature measurement on primary and
secondary fides, considering instrumentation location
and accurafy due to the sensitivity of these data in the
performande evaluation.

(c) Provide suitable access for internal visual inspec-
tion. Consider this information in preparation of the
component|s specification.

(d) Proyide suitable access and clearance area to
permit disgssembly (i.e.,, bundle removal).

M-3520 Pivision 2, Part 12 (Loose Part Monitoring).
Consider gyidance provided by Division 2, Part 12 for the
design of 1gose part monitoring systems.

M-3530 Division 2, Part 24 (Reactor Coolant'Pumps
and Recircyilation Pumps). Consider guidance-provided
by Division|2, Part 24 for the design of pump-monitoring

systems.

M-3540 Pivision 3, Part 14 (Vibration Monitoring of
Rotating Equipment). Consider spécification of installed
vibration-nonitoring capability, as recommended by
Division 3, [Part 14.

M-3550 Pivision 2, Part'16 (Standby Diesel Generator
Systems)

Testinyg)

(a) Consider specification of installed capab
monitoring vibration and thermal expanSjon as
mended by Division 2, Part 3, and Diyision 3, Pal

(b) Consider inclusion of piping pressure t
installation of dynamic pressufe, transducers
startup testing.

(c) Consider including load cell installation o snub-
bers.

(d) Consider accommodations for installation
instrumentation (e)g., accelerometers or displa
indicators) at legations throughout the plant, an
ciated instrumentation brackets. Consider the use
less technelegy to minimize cable routing.

(e) Cansider installing dedicated containme
trical*penetrations for use by startup instrume
including provision for separate power and contrd
trations.

(f) Nuclear power plant operating experience
the importance of maintaining vibration of plant
nents within acceptable limits. When consider
above guidance for vibration testing, ensure t
plant design facilitates monitoring the dynamic
of steady-state flow-induced vibration and anti
operational transient conditions on critical
components.

M-3570 Division 3, Part 19 (Pneumatical
Hydraulically Operated Valves). Consider gy
provided by Division 3, Part 19 in addit
M-3360(b)(1) and M-3360(c)(1).

ility for
recom-
rt 7.

hps for
during

of test
fement
d asso-
fwire-

t elec-
tation,
1 pene-

reveals
Compo-
ng the
hat the
effects
Cipated
fystem

ly and
idance
ion to

M-3600 Division 2, Part 28 (System Testin
Capability)

Division 2, Part 28 provides a robust roadmap for

design spe

(b) Consider specification of diesel and generator
components and subcomponents with built-in, or with
the ability to accept, diagnostic and monitoring equip-
ment.

(1) Consider adding provisions for monitoring and
diagnostics of the mechanical equipment (e.g., taps for
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).

TIreoeroT
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systenTtesting-A detaited review of that Partreveals
the following considerations for the plant design organ-
ization:

(a) Capture and thoroughly document the design basis
for plant systems to ensure that system performance re-
quirements are understood by the plant owner.

(b) Provide the capability for online multipoint pump-
performance testing, for systems with variable flow re-
quirements.
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(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 perfor-
mance test results. Provide suitable instrumentation
hardware commensurate with the testing frequency
(i.e., installed hardware to support frequent testing,
temporary hardware for infrequent testing).

DIVISION 1, Nonmandatory Appendix M

M-4000 REFERENCES

ASME QME-1-2007, Qualification of Active Mechanical
Equipment Used in Nuclear Power Plants

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

ISO 5167:2003, Measurement of fluid flow by means of
pressure differential devices inserted in circular

cross-caction—conduitcrunninag fuill
€Fe55-5eetoh—€6 5+ 1)

(e) Provide system alignment capability that maxi-
mizes §imultaneous or integrated testing.

(f) Provide system alignment capability that will allow
single-frain testing without impact on other trains.

(g) Provide flow measurement for minimum recircula-
tion fldqw path.

THererre T

dardization
nnet8, Case
witzerland

Publisher: International Organization for Stan
(ISO), Central Secretariat, Chemin de Blandoj
Postale 401, 1214 Vernier, Geheva, S
(www.iso.org)
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DIVISION 2
OM STANDARDS

Part 2
Performance Testing of Closed Cooling Water Systems in Light-
Water Reactor Power Plants

Superseded by Part 28.
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DIVIS

Part 3
Vibration Testing of Piping Systems

ION 2, Part 3

(20) 1 SCOPPE

This
certain|
power
initial
testing
ment).
applica
establi
measuj
actiong

Part establishes vibration testing requirements for
piping systems in water-cooled reactor nuclear
plants. This Part is applicable to preservice and
startup testing, and plant post modification
(e.g., power uprate and steam generator replace-
This Part may be used to assess vibration levels of
ble piping system during plant operation. This Part
hes test methods, test intervals, parameters to be
ed and evaluated, acceptance criteria, corrective
and records requirements.

INITIONS

e definitions are provided to ensure a uniform
fanding of selected terms used in this Part.

2 DER

Thegd
unders

ASME |
ASME |

Design
Ownerj
ASME

which
basis fi

p31.1: Power Piping.
BPVC: ASME Boiler and Pressure Vessel Code.

Specification: the document provided by the
as required by NCA-3250 or NA-3250"0f the
BPVC, Section III, for the component/system,
contains requirements to provide a‘complete
r the construction of the component/system.

design perification: the process of reviewing, confirming,

operational testing: test activities performed
to initial start-up testing (e.g., testing penfor
commercial operation of the plant).

Owner: the organization legally respo
constructing and/or operating a’nuclear facilit
butnotlimited to, one who haSapplied for or wj
granted a construction permit’or operating lig
regulatory authority having lawful jurisdicti

peripheral equipntent: device(s) used in
checkout, or on-site’calibration of other VM]

physical units; the engineering units that qu
represent the measured variable (e.g, if th

subsequent
med during

nsible for
y including,
ho has been
ense by the
n.

the setup,
b devices.

antitatively
b measured

variable\is displacement, the physical units can be

inches, mils, feet, or meters).

preoperational testing: test activities perforn
initial fuel loading.

processing equipment: device(s) used for furth
reformatting, or manipulation of the transduc

ed prior to

er handling,
er output to

reduce it to manageable or intelligible inforfation.

prototype: system built on the basis of an ori
for which there are no previous system test r
able.

quality assurance: all those planned and

rinal design
bsults avail-

systematic

or subjtantiating a design by oneor more methods to actions necessary to provide adequate confidence that
providf assurance that the deSign meets the specified an item or facility will perform satisfactorily in service.
design [input. record drawing set: the set of drawings that|defines the
duplicdte: a system builton the basis of a previously used ~ system’s layout and support configure}tion at the time
and prpven design for<which test results are available. the system is placed in service for testing.

hot shimming: thesprocess of adjusting support and recording and display equipment: recording|equipment
restraiht cleardwces in the hot condition. devices are used for storing signals in a fofm capable
. , . . of subsequent reproduction. Display equipmlent devices
initial startup testing: test activity performed during or . . . .
followingstmitial fuel loadine. b . ial are used to obtain a visual representation|of a signal
ollowing mitial fuel loading, but prior to commercia (conditioned and/or processed transducer olutput).

operation. These activities include fuel loading, precritical
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.

107

shell-wall vibration: radial vibration of a pipe wall, which
typically occurs at high frequencies, characterized by axial
and circumferential lobate mode shapes and natural
frequencies.

signal conditioner: device(s) used to modify or reformat
the transducer output to make it intelligible to or compa-
tible with processing equipment.
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Figure 1 Typical Components of a Vibration Monitoring System (VMS)

Transducer Signal Processing
conditioner equipment
Display or
Peripheral r‘é‘;‘\’/rigg;g
equipment

steady-statq vibrations: repetitive vibrations that occur for
relatively Idng periods of time during normal plant opera-
tion.

system: an gssembly of piping subassemblies and compo-
nents whosg limits and functions are defined in its Design
Specification.

system intefconnections: all cables, wires, or mechanical
linkages uspd between the devices comprising the VMS.

system spd4cification: that document that uniquely
describes [the VMS. The system specification shall
contain the| information specified in para. 7.2.

test conditigns: the conditions experienced by the systeim
when undefgoing tests.

test hold paints: events in the test program usually’asso-
ciated with| system operating conditions for\which test
information is to be collected (e.g., with the reactor at
X% power pnd with the system at full(flow).

test specificqition: the document(s) prepared by the Owner
or his assighee that meet(s) thereguirements set forth in
section 3 of this Part.

transducer} a device that\¢onverts shock or vibratory
motion intd an optical,“\tnechanical, or, typically, an elec-
trical signal that is{(preportional to a parameter of the
experiencedl motion:

transient viprations: vibrations that occur during relative-

able and readily convertible to.appropriate physical units.
A typical VMS is shown¢in ‘Figure 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'minimum general requirements for the classification
by groups are provided in para. 3.1; however, the|Owner
may place a system into a more stringent vibratioh moni-
toring group (VMG).

Vibration conditions are classified into steady-stiate and
transient vibration categories. A system may be classified
into one vibration monitoring group for steady-state
vibrations and into another group for transient vibrations.
The testing requirements, acceptance criteria, and|recom-
mendations for corrective action associated with these
categories are provided below. The vibration ftesting
and assessment of vibration levels may be conducted
during preoperational and initial start-up tesfing or
during plant operation in accordance with the require-
ments of the test specification.

For preoperational, initial start-up, and operjational
testing, a test specification shall be prepared that will
include, as a minimum, the following items:

(a) test objectives

ly short petiods-oftime-andresuiintessthan16%stress
cycles. Examples of transient sources of vibration are
pump actuation and pump switching, rapid valve
opening or closing, and safety relief valve operation.

vibration monitoring system (VMS): the system composed
of all instrumentation or test equipment used to measure
and record the vibration data. It is assumed to have as
input the monitored variable (i.e., displacement velocity
and acceleration) at the measurement location. The
system output is a signal analogous to the measured vari-

(b) systems to be tested (including boundaries)

(c) pretest requirements or conditions

(d) governing documents and drawings

(e) precautions

(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 acceptable limits
(including visual observations)
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Table 1 System Tolerances

Allowable Units

Tolerance
Range

+10%
+10%
-10%

U.S.
Customary
gpm
psi
Btu/hr

System Design
Parameters

System flow [Note (1)]
Head [Note (2)]

Thermal capacity Q
[Note (3)]

Overall heat transfer
coefficient

SI
m3/s
kPa
Cal/h

-10% Btu/hr-ft’-°F  Cal/h-cm?-°C

DIVISION 2, Part 3

Cognizant engineering personnel shall participate in the
development of test specification requirements, selection
of instrumentation, establishment of acceptance criteria,
review, evaluation, and approval of test results.

Selection of the locations of measuring devices and the
type of measurements to be made shall be based on piping
stress analysis, response of a similar system, or experience
gained through testing of the subject system and shall
reflect any unique operational characteristics of the
system being tested. Evaluation of the test data shall

[Note|(4)]

NOTES:
(1) The

upper limit of flow is that which will not produce unaccept-
ablg vibration in the heat exchangers in any system flow mode.
Thelupper limit of head is determined by limiting pressure drop
acrdss heat exchanger in any flow mode.

Q = VAAT, where U = overall heat transfer coefficient; A = surface
ared of heat exchanger, ft* (cm?); and AT = log mean temperature
diffdrence, °F (°C).

The|lower U limit is indicative that surface fouling may cause
unagceptable thermal capacity in the future.

(2
(3)

4)

G) i
specifi
(k) d
@ s
(m)
The
ensure
results
testing
shall b
to the 1
codes.
Whe
analys
sufficig

strumentation to be used (including instrument
ations)

ata handling and storage

ystem restoration

system tolerances on test conditions (see Table 1)
est specifications shall be written in a manner _to
that the objectives of the tests are satisfied and‘that
obtained are accurate or conservative. Prior to
, an inspection of components and ‘supports
e made to verify correct installation-according
ecord drawing set, specifications, and appropriate

n test results are to be correlated to specific
s, test conditions and measurements should be
ntly specified to ensuke that the parameters and
assumptions used in the«analysis are not violated. The
correldtion between test'and analysis should confirm
the valjdity of the analysis and should indicate that the
analytifal results-are conservative. If the test results indi-
cate that theyafalysis is not adequate or when the
measufed data from the test indicates that the actual
forcing funetion is not conservatively cov
forcing ctions i sts
should be reconciled.

The vibration monitoring requirements and acceptance
criteria are defined in para. 3.2. If the test data exceeds the
value specified in the hold point section of the test spec-
ification, two options are available: further testing or
evaluation to a more rigorous method or corrective
action taken, as described in section 8.
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consider characteristics of the measuring de|

3.1 Classification

Piping system vibrations are classified int

vices used.

o two cate-

gories, steady-state and transiént, ‘as defined in section

2. Within each applicable category, the pip
shall be classified into one.of the three vibr
toring groups according/ to the criteria pr
paras. 3.1.1 and 3.152.

Piping systems that are inaccessible for visy
tion or measurement using portable devices, 3

ing system
htion moni-
esented in

1al observa-
s aresult of

adverse environmental effects during the conditions listed

in the test'specification, shall be classified into
1 or VMG 2.

InCaddition to the requirements presente
331 and 3.1.2, the safety or the power gene
tion, or both, of the system should also be consi
classifying the system into the vibration
groups.

3.1.1 Steady-State Vibration

3.1.1.1 Vibration Monitoring Group 1.
toring program required for systems evalu
group typically involves sophisticated 1
devices and extensive data collection to accur
mine vibratory pipe stresses or other specified
limitations.

Determination of mode shapes, modal resp
tudes, and total system response is possible
evaluation techniques. When accurate meas
the system response characteristics is require
niques and devices implied by the requiremsg
vibration monitoring group shall be employ

either VMG

d in paras.
Fation func-
dered when
monitoring

The moni-
hted in this
nonitoring
ately deter-
component

nse magni-

using these
urement of
d, the tech-
nts for this
bd.

All portions of piping systems that experie
state vibrations and meet one of the followi

C DT ca Vv d

acceptance criteria of para. 3.2.1:
(a) piping systems that exhibit a response

nce steady-
ng require-
11 meet the

not charac-

terized by simple piping modes (e.g., piping shell-wall

vibrations, as defined in section 2)

(b) piping systems for which the methods of VMG 2 and
VMG 3 are not applicable based on limitations given in

sections 4 and 5
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3.1.1.2 Vibration Monitoring Group 2. The methods
and devices employed in the evaluation of VMG 2 provide a
means of measuring and assessing the piping vibration ata
given location.

All portions of piping systems that meet one of the
following requirements shall be classified in VMG 2
and shall meet the acceptance criteria specified in
para. 3.2.2:

(a) all piping systems that may exhibit significant
vibration response based on past experience with

ASME OM-2020

predict the transient forcing function and corresponding
structural response.

3.1.2.3 Vibration Monitoring Group 3. All portions of
piping systems that experience transient vibrations and
meet the following requirements shall be classified in VMG
3 and shall meet the acceptance criteria specified in para.
3.2.3. Systems that undergo transient vibrations during
their operating life (e.g., systems subjected to pump
start-up transients, valve opening, or closure) and that

by pnast exnerience with-similar sustems or suste. -
J r J J 1 Oper

similar sysfems or similar system operating conditions
(b) piping systems for which the method of VMG 3 is not
applicable

3.1.1.3
method enj
fundament
for deterni
exist in the
this metho
provides an
titative ass¢
or VMG 2 9
All porti
following 1
and shall
para. 3.2.3:
(a) systé
which mea
prototype
minimum y

(b) porti

Vibration Monitoring Group 3. The visual
ployed in the evaluation of VMG 3 is most
hl and provides the most simplified means
ining whether any significant vibrations
system. Evaluation of vibration levels using
] is based on experience and judgment and
acceptable basis for assessment. If firm quan-
ssments are required, the methods in VMG 1
hould be employed.

bns of piping systems that meet one of the
equirements shall be classified in VMG 3
meet the acceptance criteria specified in

ms falling in VMG 1 or VMG 2 classification for
urements or prior test data are available on
or duplicate systems and for which the
nacceptable vibrations are observable

pns of ASME Classes 1, 2, 3, and ASME B31.1
piping systgms that are not expected to exhibit significant
vibrationa] response based on past experience with
similar sys]::ms or system operating conditiens

312 Tr
examples 0
be subjecte

3.1.2.1

piping sys
and meet t
in VMG 1 3

nsient Vibration. Table ( presents some
f transient conditions to/which systems may
d.

Vibration Monitoting Group 1. Portions of
ems that expériénce transient vibrations
he following requirements shall be classified
nd shallymeet acceptance criteria specified
in para. 3.2|1. Systems from past plant operation experi-
ence are krjowfi-to experience significant dynamic tran-
sient condifions-due to the inherent nature of component

ating conditions are not expected to exhibit sigIlificant
vibrational response.

3.2 Monitoring Requirements and Acceptance
Criteria

Special attention should be givén to the precautions
listed in para. 4.3.

The acceptance criteria presented in this paragr
based on the followinglistof assumptions. The Owry
invoke less stringenf criteria provided sufficient jy
tion is given. Mofe stringent criteria shall be iny
these assumptiéons are deemed inappropriate
system under review.

(a) Vibrations cause maximum stresses wit
elastic\range; therefore, no penalty for plastic cy
incugred.

() Thermal transient effects, if they exist dur
vibration incident, have already been considered
piping system evaluation.

(c) The membrane stresses caused by pressure
tions alone are insignificant in comparison to the s
caused by the vibratory moments.

(d) The usage factor from the vibration incide
not significantly affect the cumulative usage facto
lated for other predefined transient conditions.

(e) Strain-controlled fatigue curves of the ASM1
Section IIl represent the S-N fatigue characteristics
material and loading considered.

hph are
er may
stifica-
oked if
for the

hin the
cling is

ing the
in the

luctua-
tresses

ht does
I calcu-

£ BPVC,
for the

3.2.1 Vibration Monitoring Group 1

3.2.1.1 The vibration response of Group 1 dystems
shall be evaluated using the methods and devices ljsted in
section 6 of this Part.

3.2.1.2 For steady-state vibration, the maximum

design, system operation, or system design features, for
which a transient analysis is not performed.

3.1.2.2 Vibration Monitoring Group 2. Portions of
piping systems that experience transient vibrations
and meet the following requirements shall be classified
in VMG 2 and shall meet acceptance criteria specified
in para. 3.2.2. Systems are designed and analyzed for
known anticipated dynamic loading conditions and for
the applied loading (i.e., fluid or mechanical), which is
based on methodology that is known to conservatively
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calculated alternating stress Intensity, S, should be
limited as defined below.

(6576}
Salt = TM < Sel

Alternatively, 2i may be substituted for C,K> for appli-
cations where the piping design is based on the use of
stress intensification factors (7).
where

&

secondary stress index as defined in ASME BPVC,
Section III
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stress intensification factor, as defined in ASME
BPVC, Section III or ASME B31.1

DIVISION 2, Part 3

(b) For ASME Classes 2 and 3 and ASME B31.1 piping,
the stresses shall be evaluated in accordance with the re-

iping vibra-
edinaccor-
limits given
g the stress
itative data
response is

K, = local stress index as defined in ASME BPVC, quirements of para. 3.2.1.2. Alternatively, the appropriate
Section III ASME code shall be used to evaluate the stresses for tran-
M = maximum zero to peak dynamic moment loading sient vibration.
due to vibration only, or in combination with . . L.
other loads, as required by the system Design 3.2.2 Vibration Monitoring Group 2
Specification 3.2.2.1 The vibration response of Group 2 systems
Ser = fatigue stress endurance limit equal to S, at 10" should be measured using one or more of the vibration
cycles from ASME BPVC, Section III, Figure 1-9.1 monitoring devices specified in section 5.
or Figure 1-9.2, as applicable. The user shall
consider the influence of temperature on the 3.2.2.2 For steady-state vibration, the.p
modulus of elasticity. tory responses of VMG 2 piping shall be évaltia
Z 4 section modulus of the pipe dance with the allowable deflection er velocity|
in section 5. These limits are based:on meetin
If significant vibration levels are detected during the ~ réquirements (?f para. 3.2.1. If adequa.te quan
test prpgram that have not been previously considered ~ ¢annot be obtained or unacceptabl.e Vlbfatlon :
in the piping system analysis, consideration should be indicated by the methods and devices listed in section 5,

givent
plicabl

3.7
nating
define
maxim
should
anticip

(a) 1
alterna|
that wi
event v
the eve|
be detd

modifying the Design Specification to reverify ap-
e code conformance.

.1.3 For transient vibrations, the maximum alter-
stress intensity should be limited to the value
d below. Before determining the allowable
um alternating stress intensity, an estimate
be made of the equivalent number of maximum
hted vibratory load cycles (n).

‘or ASME Class 1 piping systems, the maximum
ting stress intensity shall be limited to the value
ll not invalidate the design basis. If the transient
vas not previously considered in the design, basis,
ntshall be evaluated. The unused usage fadtor shall
rmined from

U=1-U

where

cumulative usage facter from ASME Class 1
analysis, which excluded-vibratory load

The maximum allowable equivalent vibratory load

cycles ghall be calculdtéd from minimal, the system is acceptable.
n The judgment as to acceptability can be m
N, = T the evaluation of all the following facts as to the
v the piping stress:
Using N,,£he maximum alternating stress intensity S, (@) Vlbra}tlc?n ma,c‘;‘nltuclle. and lo'catlon .
shall bé limited to S. where (b) proximity to “sensitive equipment

the methods and devices”of section 6 may be used.

3.2.2.3 For transient vibration, the critd
3.2.2.2 for steady-state vibration may b¢
screening toohbut may be overly conservat
limits are'exceeded, the criteria of para.5.2.3 o1
of parax3:2.1.3 shall be employed.

ria of para.
used as a
ve. If these
the criteria

3.2:3 Vibration Monitoring Group 3

3.2.3.1 The vibration response of Grou
shall be determined by the methods and devi
section 4.

b 3 systems
ces listed in

3.2.3.2 Ifan acceptable level of steady-state or tran-
sient vibration is noted, no further measjyirement or
evaluation is required. The observer shall be fesponsible
for assessing whether the observed vibration] level is ac-
ceptable. The basis for determining whether the vibration
level is acceptable shall be consistent with the limits speci-
fied in para. 3.2.1.

3.2.3.3 If the level of vibration is too
perceived and the possibility of damage is j

small to be
idged to be

hde only by
ir effects on

S, = allowable alternating peak stress value from
ASME BPVC, Section III, Figure 1-9.1 or Figure
[-9.2.

For transient vibrations that were not previously
analyzed and for which it is not appropriate to evaluate
the load separately, a new fatigue analysis may be
required in accordance with Section III of the ASME BPVC.
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(c) branch connection behavior

(d) capability of nearby component supports

Any unique operational characteristics of the system
shall be considered in the evaluation.

3.2.3.4 Ifan acceptable assessment of the observed
deflections cannot be made, the acceptability of vibration
must be based on measured data.

3.2.3.5 Ifunacceptable vibration levels are indicated
by the methods and devices listed in section 4, the
methods and devices of section 5 may be used.
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3.2.4 Qualitative Evaluations. Piping system response
must be acceptable based on qualitative evaluations, in
addition to meeting the quantitative acceptance criteria
defined in para. 3.2. Qualitative evaluations are based
on observed response of the piping that address poten-
tially detrimental conditions not explicitly quantified by
the acceptance criteria of para. 3.2. Judgments on the
acceptability of the observed responses shall be based
on comparisons to known acceptable responses. Nonman-
datory Appendices G and H provide additional guidance on

ASME OM-2020

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
attention should be given to vibration in this area.

4.3.2 Branch Piping. Minor mainline vibration may
cause branch piping vibration of significant magnitude
remote from the branch connection. These lines shall
be reviewed together with the system being qualified.

4.3.3 Multiple Pump Operation. In cases where there

the use of qualitative evaluations.

4 VISUAL(INSPECTION METHOD

4.1 Objective

The acceptability of piping systems in VMG 3 to with-
stand the effects of steady-state and transient vibrations
can be evalyated by observation. Different techniques and
simple devices that can be employed in the evaluation as
well as sofne of the possible problems that could be
encounterpd during the preoperational phase and

startup of dystems are described below.

4.2 Evalu

The locat
ascertained
placement
ment devicg
scale). Whe
precautior
observed. A
ability of oh
may be use

4.2.1 Stg
tional and
systems sh
of operatig
acceptabili
mined in a

4.2.2 Transient Vibration. During the preoperational
and start-up testingphases of a plant, the piping systemsin
VMG 3 shall be observed during the transient events as
defined in the.test'specification. The test may be repeated,
if necessary,td make the ohservations at different points

tion Techniques

on or locations of maximum deflection can be

by observation. The magnitude of the dis-
hay be estimated by the use of simple measure-
s (e.g., rules, optical wedge, and spring hanger
n simple measurement devices are used, the
s of Nonmandatory Appendix A shall be
s an aid in developing judgment of the aceept-
served displacements, simple beam analogies
d.

ady-State Vibration. During the preopera-
start-up testing phases of a‘plant, the piping
hll be observed during.théir various modes
n, as defined in the-test specification. The
y of the observed\vibration shall be deter-
cordance with{para. 3.2.3.

are several pumps that operate in parallel, the maost signif-
icant vibration will occur when some combinations of the
pumps are operating. These combinatiens shall be
reviewed together with the system being qualifi¢d.

h affect
ility of
d heat

4.3.4 Sensitive Equipment. Vibrations that ca
the functionality, operability, andStructural capal
sensitive equipment, such as§pumps, valves, af
exchangers, should be closely/reviewed.

4.3.5 Welded Attachment. Special considerati
be given to the aredas’near the welded attachmen
piping system subjected to vibration. If the welded|attach-
ment configuration is such that it could causle local
moments in‘the pipe due to vibration, the effiects of
local stress should be considered.

n shall
[ in the

5 SIMPLIFIED METHOD FOR QUALIFYING RIPING
SYSTEMS

5.1 Steady-State Vibration

There are simplified methods for the evaluation of
steady-state vibration of piping systems that wil] deter-
mine if the vibration exceeds an acceptable levell These
methods apply to systems that are undergoing pteady-
state vibration and are accessible for a number of vibra-
tion measurements at various points in the piping system.
Piping systems that are not suitable or adaptable o these
methods may be evaluated by procedures deflned in
section 6.

5.1.1 Displacement Method

5.1.1.1 General Requirements. The sim
method requires that vibratory displacement sh
determined at representative points on the |piping
system. The piping system shall be subdivided info suffi-

plified
uld be

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.

112

cient subsystems or vibratory characteristic spans
containing appropriate or conservative boundary condi-
tions as described in detail in para. 5.1.1.6(a).

5.1.1.2 Instrumentation. A handheld or temporarily
mounted transducer that is suitable for making multiple
measurements of displacement should be used. For
example, an accelerometer may be used with velocity
and displacement of the acceleration signal obtained
by single and double integration, respectively. The precau-
tions on measurement techniques should be observed
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(section 7). It is recommended that response frequencies
and their relative amplitudes be determined as an aid in
verifying the appropriateness of the characteristic span
model selected and to assist in determining the source
of vibration.

5.1.1.3 Deflection Measurement of Process Piping.
Measurements are taken along the piping to measure
peak deflection points and to establish node points of
minimum deflection. The node points establish the char-

acteristic cpan ]nngfhc Node prnhrc ('7nrn deflection

DIVISION 2, Part 3

calculated for that characteristic span. A breakdown of
the characteristic spans for which allowable deflection
limits have been computed is given in para. 5.1.1.6.

Deflection limits are given in terms of a characteristic
span length, outside pipe diameter, and a configuration
coefficient. The characteristic span length and the config-
uration coefficient are established by subdividing the
piping system into a series of characteristic spans as
described in para. 5.1.1.6.

The configuration coefficient, R, and the nominal vibra-

pointsl are generally found at restraint points, but
could be located between constraints on long runs of
piping| The deflection limit can be determined from
the infprmation presented in Figures 2 through 9.

5.1.1.4 Deflection Measurement of Branch Piping.
BrancH piping is attached to process piping and has a
smallef diameter than the process piping. Three of the
potentjal problems that can exist are described below.

(a) Branch piping can be excited at or near its resonant
frequency by motion of the process piping, fluid pulsation,
or othdr sources. This problem is characterized by high
amplityide vibrations with a clearly defined frequency and
mode shape. The amplitude measured on the branch pipe
is genefrally much larger than the process piping. Due to
the phdsing, the relative motion of the branch pipe to the
process$ pipe is closely approximated by adding the dis-
nt measurement of the process pipe to the motion
of the Pranch pipe. The deflection limits defined in para-
5.1.1.5|are applicable.

(b) The attachment point of the branch pipe with the
process$ line displaces relative to a branch line’support.
The deflection limits defined in para. 5.1.1.5 are-applicable
when the deflections measured reflect relative motion
betwedn points on the branch piping antd,can be associated
with a[deflected shape.

(c) The process piping driveS the branch piping at a
high adceleration level as a figid body. This problem is
generdlly associated with a cantilevered mass. The
peak afceleration at thétcenter of gravity of the branch
piping [must be measuted to establish the inertial force
acting|at the center’of gravity of the branch piping.
The cqntilever’ mass and center of gravity of the
branch| pipingimust be conservatively estimated and a
resultapnt.stress calculated. The resultant stress should
be cor?In

tion deflection, 0, values are based on an alloyable stress
0f 10,000 psi with stress indices equal to tnity. The allow-
able deflection limit, d,y0w, 1S Showngin. paral 5.1.1.5.1.

5.1.1.5.1 Determination of Atlowabld Deflection
Limit. Nominal vibration defleétion value

5, = K(I24D,) /144

Allowable vibration\deflection limit
S =(Se1 X 8,)/(C2K5 X 6,)

allow
where

D, =_the outside diameter of the piping]the units of

D, and L are the same (e.g., both injfeet or both

in meters)

K = the configuration coefficient determined

based on a nominal stress (g,)] of 10,000

psi (68.95 MPa)

L = the characteristic span of the vibrating piping

segment

the allowable zero to peak vibratiop deflection

limit based on the endurance limit (S,) of the

piping material and the peak stiess indices

(C2K3)

6, = a nominal zero to peak vibration deflection

value based on a nominal stre¢ss (o,) of

10,000 psi (68.95 MPa) and with n¢ considera-

tion of peak stress indices

Sallow =

Paragraph 3.2.1.2 defines S, C,, and K.

5.1.1.6 Characteristic Span Models. I} is recom-

mended that the measured deflection data b
to assist in determining the appropriate ch
span used to obtain the allowable deflection|

e examined
Aracteristic
limit.

Characteristic spans are broadly classifig

d into two

p:n'pd with the criteria listed in para 3212

Nonmandatory Appendix I provides guidance on
completing this evaluation.

5.1.1.5 Deflection Limits. The vibrational deflection
limit of a piping system depends on a large number of
material and geometric considerations with many combi-
nations of the variables. One method of dealing with this
complexity is to subdivide the piping systems into char-
acteristic spans that can be physically defined and
modeled. A deflection measurement can then be conser-
vatively checked against an allowable deflection limit

categories by the piping restraints. A single-end restraint
with one end free forms the first category, and restraint of
both ends of a characteristic span forms the second cate-
gory. The categories are then subdivided into combina-
tions of a 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 Figure 2. The rotational constraint at restraint
points is assumed to be fixed for a conservative computa-
tion of the allowable deflection limit. An outline of the
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Figure 2 Deflection Measurement at the Intersection of

Pipe and Elbow

Tangent line

Out-of-plane

ASME OM-2020

Figure 5 Cantilever Span/Elbow Span in-Plane

Deflection Measurement

3 in-plane deflection

pipe and elbow {
\ deflection
P _--7N K = 0.030
K ° % P Pi i e .
ipe centerline —— SH
il 1 = Al
/
, L Y
I
In-plane Characteristic \
deflaat A
llllllllll opPart
¢
—
o X
V4

Figure 6 Cantilever Span/Elbow Guided Span in-Plane
Deflection Measurement
d in-plane deflection
DA K =0.012
Figure|3 Single Span Deflection Measurement ¢ Pre e BT ,
. = I
Characteristic K = 0.003 |
span L |
L | | o E Guide
l | Characteristic
. 1 O span
s
Figure 4|Cantilever Span Deflection Measurement Figure 7 Saae:ﬁt:t:n\n;:tpasnpg: tr;:Ii-:ljlaesDeﬂectlon
, .
3
b ¢
- K = 0.027
e — = [ %
== T | ¢ —— ==
e T B
Characteristic Ly L,
span Characteristic
span L

GENERAL NOTES:
(@) Lp/L, less than 0.5.
(b) See Figure 9 for K.
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Figure 8 Span/Elbow Span Out-of-Plane

OM-2020 DIVIS

Deflection Measurement, Span Ratio > 0.5

Ly
Characteristic
span L
GENERA|L NOTES:
(@) Lp/1l; between 0.5 and 1.0.

(b) See [Figure 9 for K.

Figure|9 Span/Elbow Span Out-of-Plane Configuration

Coefficient Versus Ratio of Spans

0.08
0.02
~
v /
0.1
//
0
0 0.2 0.4 0.6 0.8 1.0
L,
Ly
basic characteristic spans is_given below. For any config-
uratior] not covered belowya conservative K factor may be
establighed by the useryprovided equivalent conservatism
is mairftained.
(a) §ingle-end«restraint, cantilever

(1
@

cantiléver single span (Figure 4)
cantilever span, elbow, span
(-a).deflection in plane of elbow, end span free

(-a) makimum deflection measured ou
elbow between restraint point and elbow o
ratio of short span to long span is less than
7 with, configuration coefficient K from Figu

(*b) maximum deflection measured ou
elbow atintersection oflong span and elbow; r
span to long span is between 0.5 and 1.0 (Fi
configuration coefficient K from Figure 9)

5.1.2 Velocity Method

5.1.2.1 General Requirements. The meth
consecutive measurements of velocity at vario

ION 2, Part 3

t of plane of
long span;
0.5 (Figure
e 9)

t of plane of
atio of short
sure 8 with

od requires
lis points on

the piping system to locate the point that is exhibiting the

maximum vibratory velocity. Once this point
final measurement of the maximum velocity,
point is made and compared with an allowabl
city, Vanow, as given in para. 5.1.2.4. The ¢
acceptability is

V. <

max —

Vallow

5.1.2.2 Instrumentation. The instru
should be portable and capable of making 4
consecutive velocity measurements at var
on the piping. The instrument should be cap
cating a trace of the actual velocity-time signal

s located, a
V max at that
e peak velo-
Fiterion for

ment used
number of
ous points
ble of indi-
from which

(Figure-53
(-b) deflection in plane of elbow, guided end span
(Figure 6)
(b) Restraint at both ends
(1) single span
(-a) single span (Figure 3)
(-b) single span with elbow restraint [special case
of para. (b)(1)(-a) or limit case of para. (b)(2)(-a)]
(2) span, elbow, span

the maximum velocity can be read. This may

be achieved

by readout devices such as a cathode-ray tube or a paper
chartrecorder. Alternatively, the instrument could have a

holding circuit that would result in a meter re
maximum velocity.

ading of the

5.1.2.3 Procedure. Initial measurements are to be

taken at points on the piping that appear to be undergoing
the largest displacements. These will normally corre-
spond to points of the highest velocity. At each such
point, measurements can be taken around the
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circumference of the pipe to find the magnitude of the
maximum velocity. Measurements may be confined to
directions perpendicular to the axis of the pipe at that
point.

The maximum velocity should be obtained only from
the actual velocity-time signal. The readout of the

signal should be of sufficient duration to ensure a high
probability that the maximum velocity has in fact been
obtained for that point in that direction.

5.1.2.4
allowable v

where
Vallow =

Se1, C2, and

stress indes

_Allowable Peak el ﬂl‘ify The nvprnccinh for

ASME OM-2020

Wk

Wins =

weight of the pipe per unit length, Ib/ft (kg/m)
weight of the pipe contents per unit length,
Ib/ft (kg/m)
the weight of the insulation per unit length,
Ib/ft (kg/m)
1.0 for pipe without insulation and either

empty or containing steam

Nonmandatory Appendix D presents examples of

elocity is

CiCys P(Se1)
C3Cs Coy

allow =

pllowable velocity, in./sec (mm/s)

.64 x 1073 to obtain V,joy in in./sec when Sg
is in units of psi

13.4 to obtain V,j,n in mm/s when S is in
units of MPa

K, are defined in para. 3.2.1.2. The secondary
C, and the local stress index K are associated

with the point of maximum stress and not necessarily with

the point o
This velo|
criterion fo

f maximum velocity.
city criterion is consistent with the deflection
r a fixed end beam at resonance in the first

correction factors C; and C, for typical piping
along with a combination of these factors(to{
an initial screening method.

5.1.2.5 Precautions. The basic relationship b
the allowable velocity and stress is.developed fi
assumption that the vibratory mode shape matc
mode shape at the first natural frequency. The
cautioned against indiscriminate use of the v
criteria without considering velocity, amp
frequency, and modesshape of the vibration. The Cs
tion factor modifies\the basic relationship to accg
off-resonant forced vibrations.

If the pipinig'span is vibrating at frequencies be
first mode natural frequency, then it is inapprop

spans
rovide

ptween
om the
hes the
user is
elocity
litude,
correc-
unt for

ow the
riate to

use the.velocity criteria without the Cs correction factor

since the stresses calculated will be nonconserval
approximately the ratio of the span natural frequ

tive, by
ency to

mode. the. measured forced response frequency, for frequency
C; = g correction factor to compensate for the effect ratios between 1.0 and 2.0.
f concentrated weights along the character-
iktic span of the pipe (see Figure 10)
C3 = gcorrection factor accounting for pipe contents
dnd insulation
Figure 10 Correction Factor C,
1
- (1.0+%+m)/2 o
W~ W 09
C, = qorrection factor,for end conditions different 08
from fixed ends and for configurations
different from-Straight spans g 07
= 1.0 for a‘straight span fixed at both ends, but § 0.6
donsefvative for any practical end conditions E |
flor straight spans of pipe s 05
= 133 for cantilever and simply supported pipe =
span 2
= (.74 for equal leg Z-bend ]
= 0.83 for equal leg U-bend
Cs = 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.
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15

Ratio of Concentrated Weight to
Characteristic Span Weight
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For example, if the span natural frequency was 20 Hz
and was vibrating at 10 Hz, the stresses predicted from a
velocity measurement would be nonconservative by a
factor of two, without the Cs correction factor.

For multispan systems, commonly encountered in
power plant piping, caution must be exercised when eval-
uating stresses caused by resonant excitation from adja-
cent spans. A determination must be made of the
individual span natural frequencies before the decision
to use the velocity criteria method can be justified. If

DIVISION 2, Part 3

5.3 Inaccessible Piping (for Both Steady-State and
Transient Vibration Evaluation)

For inaccessible piping systems requiring monitoring,
the search procedure for maximum response location is
not required. The locations of anticipated maximum
response at which measurement devices are to be
applied shall be defined. Adequate precautions shall be
taken to verify that the assumptions used for the selection
of anticipated maximum response locations are consistent

the ratfio of the first natural frequency of the span to
the mdasured frequency is less than or equal to 2.0,
then tHe velocity method may be used. Values for this
ratio greater than 2.0 have notbeen addressed by this Part.

5.2 Thansient Vibration

Another method for the evaluation of vibration of the
piping $ystems is for those subjected to transient loads for
which the expected response under the anticipated tran-
sient ldads is determined by analysis. Piping systems that
are nof suitable or adaptable to these methods shall be
evaluafed by the methods of section 6.

5.2.1 General Requirements. This method requires
that a flynamic analysis of the piping system subjected
to the |expected transient loads has been performed

essary parameters to be measured and their loca-
all be included in the test(Specification.

riteria for acceptability of the measured data are
para. 5.2.3. If the criterja specified in para. 5.2.3
met, additional evaluation of the piping systems
n the measured data shall be made to justify the
nce. This may<dnclude reanalysis of the piping

recommended in section 7 shall be used for obtaining
the piging’system responses.

il 1 - AR |
WILIT UIT IS TAIITU S y STCIIT TESPUIIST.

6 RIGOROUS VERIFICATION METHOD ¥

fOR

STEADY-STATE AND TRANSIENT VIBRATION

Another method is required{when the po
system is evaluated in VMGA or when the
sections 4 and 5 are not dpplicable or are ov
vative. This method is_also intended for ap
systems where thé dynamic characteristi
that the system‘modes are primarily 4
rocking of massive equipment (such as j
heat excharigers). The primary objective of t
tion is torobtain an accurate assessment of the
stressesvin the piping system from the meas
tionalybehavior.

Two acceptable techniques for implem
method are given in paras. 6.1 and 6.2 along
sponding requirements. Paragraph 6.1 is su
by Nonmandatory Appendices B and C, whi
several methods of implementing this techn
techniques may be used provided that they
strated to be conservative.

6.1 Modal Response Technique

6.1.1 General Requirements. This meth
that the modal displacements and natural
of the system be identified from the test da

The method also requires that a modal an
system be performed yielding analytically
natural frequencies and mode shapes and ny
vectors (or bending moments) correspon
mode shape vectors. The analysis and t¢
frequencies and mode shapes of the pip
shall be correlated, and the analytical str

rtion of the
methods of
brly conser-
plication to
cs indicate

result of
umps and
his verifica-
vibrational
ured vibra-

enting this
with corre-
bplemented
ch describe
ique. Other
are demon-

d requires
requencies
a.
lysis of the
Hetermined
odal stress
Hing to the
est natural
ng system
PSS vectors
al state of

shall then be used to determine the acty

5.2.3 Measurements and Criteria for Acceptance. The
measured responses shall be compared to the analytically
obtained response of the system. If the analysis indicates
larger 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.

117

stress in the piping due to the measured modal displace-

ments.

6.1.2 Test Requirements. The piping system shall be

instrumented sufficiently to enable identification of the
natural frequencies and modal displacements. It is not
necessary to ensure that the measurements are taken
at the location of maximum vibration. The instrumenta-
tion may be capable of measuring acceleration, displace-
ment, or velocity according to the guidelines of section 7.
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Locations of instruments shall correspond closely to
points included in the analytical model of the system.

The system shall be exercised through the conditions
defined in test specifications. A sufficient amount of data
shall be recorded to allow appropriate data processing as
described in para. 6.1.3.

6.1.3 Data Processing. Steady-state vibration data
shall be reduced to obtain the zero-to-peak displacement
in each of the predomlnant vibrational modes of the
system. Metheds
are available, and two of these are dlscussed in Nonman-
datory Appendix B. When using either of the two methods
described in Nonmandatory Appendix B, special attention
should be given to separately identify closely spaced
modes thatl may exist in the system.

6.1.4 Tept and Analysis Correlation. The measured
modal frequencies and modal displacements of the
piping syst¢m shall be correlated to analytically obtained
modal freqfiencies and mode shapes for all major contri-
buting modps. As a minimum, the test and analytical mode
shapes shall correlate with respect to the predominant
modal direftion; the relative magnitudes of the modal
componentp need not be in exact agreement. In addition,
the corresponding modal frequencies of the test and
analysis shall be in reasonable agreement.

6.1.5 Evpluation of the Measured Responses. The
measured modal displacements of the piping and the
correlated pnalytical results shall be used to obtain an
accurate agsessment of the vibrational stresses (or
moments) In the piping system. A method for obtaining
the vibratignal stress in the piping using the measured
piping displacements and the information from the
modal analysis of the system is given in Nenmandatory
Appendix (. The resulting vibrational stresses shall be
evaluated 4ccording to the acceptance-eriteria of para.
3.2.1.2.

6.2 Meas

Strain gages can be used to directly determine stresses
in the pipipg system_during steady-state or transient
vibration. This section outlines the general requirements
in the use df strain.gages. Several precautions associated
with the usp of strain gages are presented in Nonmanda-
tory Appendix
prior to defining the test program.

red Stress Technique

6.2.1 General Requirements. The piping system shall
be instrumented on straight pipe with a sufficient number
of gages near points where maximum stresses in the
piping system are expected to occur. Strain gages shall
be located remote from points of stress concentration,
when used for determining nominal bending moment.
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6.2.2 Evaluation of the Measured Responses. The
experimentally obtained strains at the instrumented
points in the piping system shall be converted to a
three-component moment set and evaluated using the
acceptance criteria of para. 3.2.1.2.

7 INSTRUMENTATION AND VIBRATION
MEASUREMENT REQUIREMENTS

Recognlzlng the ongomg advancement of data acquisi-
for the
equip-
ing re-
VMG 3,
hiques.
ensure
repea-
manda-
ons for
edasa
during

specification of the instrumentation and recopding
ment, necessary to meet the minimum monitor
quirements associated with VMG 1, VMG 2; and
are not intended to propose methaods or tech
Rather, they set forth the criterja necessary to
that the data taken by any methed_is accurate and
table and within the equipment capabilities. Non
tory Appendix A contains guidelines and precauti
typical vibration monitoring systems and can be u
basis for the specification of the system to be used
testing.

Figure 1 shows typical components of a vibratio
toring systeni

h moni-

7.1 General Requirements

h moni-
11l meet

The system and techniques used for the vibratio
toring of all piping systems covered by this Part shz
the minimum requirements described below.

7.1.1 System Specification
fication
the test
de the

(a) Avibration monitoring system (VMS) speci
shall be written and included in or referenced by
specification. The VMS specification shall incly
following:

(1) functional description

(2) list of equipment (manufacturer, model n
serial number)

(3) equipment calibration records

(4) equipment specifications

(5) installation specifications

(b) For the VMS, as well as for each device inclpded in
the VMS, the following information and minimum require-
ments shall be contained in the equipment specification,
when applicable:

umber,

ange of
each
(2) accuracy: specified as a percentage of full-scale
physical units
(-a) VMS minimum requirement: greater than 10%
of applicable value of acceptance criteria for the measured
variable
(3) minimum measurable value
(-a) VMS minimum requirement: less than 80% of
applicable value of acceptance criteria for the measured
variable
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Table 2 Examples of Specifications of VMS Minimum Requirements; Measured Variable — Displacement

Acceptance Minimum
Criteria, Accuracy, Measurable Value, Full-Scale Range, Frequency of Other: Max. Piping
mils (mm) mils (mm) mils mils (mm) Response, Hz Temperature, °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)

(4) range: full-scale capability with accuracy speci-

7.1.4 Peak Versus rms Measurement. The

acceptance

ficatio
(-a) VMS minimum requirement: 20% greater than
the applicable value of the acceptance criteria for the
measured variable

(5) frequency response: minimum and maximum
frequencies within specified accuracy
(-a) VMS minimum requirement: frequency
responke range shall extend one-half octave above and
below the maximum and minimum significant frequency
range ¢f the measured variable

(6) calibration data: specific requirements in para.
7.1.2

(7)) other specifications: any other specifications
uniqug to the measurement system or important for
the acdurate measurement of the variable (e.g., tempera-
ture cdmpensation and mounting requirements)

Manyifacturer’s specifications are acceptable for each
device Included in the VMS; however, care should be exer-
cised t¢ ensure that the application, mounting, and inter-
facing| conditions do not affect or invalidate the
manufdcturer’s specifications. This is especially important
in tranpducer mounting and electrical loadings.
An ekample of the specification is given in Table 2.

7.1.2 Calibration. All equipment used\as part of the
VMS shall have current calibration(dpcuments. These
shall bg attached to or made partlofjthe system specifi-
cation. Pn-site checkout of the VMSishall be performed and
documented to verify that the as-installed VMS is func-
tioning| according to the system specification.

7.1.3) Repeatability. Capability of the VMS to provide
consisfent results\shall be demonstrated. This can be
achieved by taking several consecutive measurements
of a stafionary variable during pretest setup and checkout.
The reqults.ef these consecutive measurements should be
within ninimum accuracy requirements of the VMS spec-

ertterta—inthisPart-arebased-onzero-to1
deflections; therefore, the VMS used mug
actual zero-to-peak measurements. If theinstr
used yields rms measurements, then co
methods must be used to convert‘the'rms me
to zero-to-peak values.

8 CORRECTIVE ACTION

Corrective actiongis(required to reduce p

eak piping
t result in
umentation
nservative
Asurements

ping vibra-

tional stresses to)acceptable values when piping

steady-state ortransientvibration exceeds the
criteria of para: 3.2. Possible corrective acti
identification and reduction or elimination o
tion mechanism or vibration source; structur]
tions’to detune resonant piping spans; and
operating procedures to eliminate troubleson]
conditions.

If corrective restraints, circumferential st
example, or system modifications are requir
the piping system acceptable, then the pip
stress analysis shall be reviewed and, as neces|
ciled.

After corrective action is completed, postn
testing shall be performed to determine if th
have been sufficiently reduced to satisfy the
criteria. Testing may involve determining tH
response of the system during specific
modes to verify adequacy of modifications in
to control vibration.

Vibration excitation mechanisms and pipin
along with possible additional testing, an
corrective actions are discussed in Nonmanda
dix E.

acceptance
bns include
F the excita-
hl modifica-
changes in
e operating

ffeners, for
ed to make
ing system
sary, recon-

hodification
b vibrations
acceptance
e vibration
operating
hplemented

b responses
alysis, and
fory Appen-

ification.
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Part 3, Nonmandatory Appendix A
Instrumentation and Measurement Guidelines

The purgose of this AppendiX Is to provide guidelines
for the selegtion of devices and components of a vibration
monitoring| system (VMS). Recognizing that the instru-
mentation|included in the VMS will depend on the
method ch¢sen for the measurement program (VMG 1,
2, or 3), thls Appendix provides suggestions, examples,
and precaufions for the instrumentation and techniques
that might pe employed for each method.

[tis not the intent of this Appendix to be used in place of
state-of-thg-art techniques for vibration monitoring.

A-1 VISUAL METHODS (VMG 3)

The visual inspection method allows the use of senses,
such as toych, to determine acceptability. For example,
with sufficlent experience, vibration amplitude can be
perceived fairly accurately for frequencies from 2 Hz
to 30 Hz by feeling the pipe vibrate. Estimates of the ampli-
tudes of th¢ lower frequency vibrations can be obtained
with a scal¢.

Simple aids, such as those suggested in Part 3, para. 4.2,
can be used for estimating the amplitude of displacement
for piping classified under VMG 3 when precise re§ults are
notrequiregl. Even so, the user should be cautionéd against
attemptingto use these simple aids under _ciréumstances
where errpneous estimates could be‘obtained. For
example, low-amplitude [<30 mils (<0.76-mm)] vibrations
at relatively high frequencies (>20-Hz) would be difficult
to quantify] with a spring hanger-scale. Likewise, low-
frequency [(<5 Hz) vibratiens.are usually difficult to
read with ah optical wedgé because the eye’s persistence
of vision is jnadequate to_perceive a distinct intersection
between thie dark and\light regions of the wedge.

It is the t[}r:tent of\the visual methods to identify those

vibrations thatare‘obviously acceptable. If doubt exists as
to acceptalfility-after the visual inspection methods are

A-2.1 Transducers

A-2.1.1 Accelerometers. One transducer forvipration
measurement is the piezoelectric accelerometgr. The
advantages of the accelerometer inelude a capability
for high-temperature operation, physical durability and
reliability, ease and stability ,0f’calibration, iftrinsic
low noise, linearity over a wide dynamic rangg, small
mass, and ease of application-for absolute measufement.

A servo accelerometerithat has excellent low-frejquency
response characteristics-can also be used. Its advantages
are a high output sighal and frequency response down to
direct current (dc):

Some accelerometer characteristics are of particular
importance. for piping measurements.

(a) Variation of Sensor Output With Temperature. If the
change’in output from room temperature to operating
temperature exceeds 10%, a correction factor detefmined
from the Manufacturer’s Data Sheet should be applied.

(b) Variation of Sensor Output With Frequengy. This
variation depends on the type of accelerometer, the
mounting technique used, and whether its putput
signal is fed into a charge-sensitive amplifi¢r or a
voltage-sensitive amplifier. Variation of output may be
as high as 3% per decade in frequency. If the vgriation
exceeds 10% over the frequency band being mepsured,
data should be corrected in accordance with thel Manu-
facturer’s Data Sheet.

(c) Maximum Temperature of Operation. Under| no cir-
cumstances should the maximum operating tempgrature
specified by the Manufacturer be exceeded. Hqwever,
direct attachment to the pipe surface is usually feasible
because accelerometers with maximum tempegrature
ratings of at least 650°F (345°C) are readily avpilable.
Thermally insulated mounts may also be used, iff neces-
sary, to reduce the temperature at the acceleroneter.

employed, then the methods of section A-2 of this Appen-
dix 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.

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
signal-to-noise (S/N) ratio atlow frequencies, particularly
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following the double integration required to obtain dis-
placement.

Should these shortcomings prohibit the use of acceler-
ometers, the user may be able to achieve better perfor-
mance with the high-output, low-impedance devices
described below.

A-2.1.2 Velocity Transducers. Velocimeters (or velo-
city pickups) are transducers designed to respond directly

to velocity. They usually consist of a moving coil or moving
magnef arrangnﬂ sothatthe electrical r\nl’pnf gnnnrafnr‘ 1S

DIVISION 2, Part 3, Nonmandatory Appendix A

A-2.1.5 Strain Gages. The use of strain gages (pin./in.)
at selected points in the piping system provides 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 tempera-
tures and radiation level typical of power plant environ-
ments may limit the use of bondable gages. Weldable gages
that will operate for all temperature and radiation levels
typical of nuclear power plant environments are available.
The usual requirement is that the state of stress at points

proportional to the rate at which the magnetic field lines
are cutfby the moving element, and hence its velocity. The
main adlvantage of these electrodynamic transducers over
accelerpmeters is their high-level, low-impedance output,
thereby making their signals relatively immune to elec-
tromagnetic noise pickup. Their chief disadvantages
are their larger size and their somewhat restricted
useful linear bandwidth. Contamination from background
atlow firequencies limits their usefulness in providing dis-
placentent indications, since the necessary integration
tends to amplify low-frequency noise selectively.

A-2.
direct-
piping
probe

1.3 Displacement Transducers. Examples of
ensing displacement transducers applicable to
vibration measurements are the eddy current
or proximity probe), the linearly variable differ-
ential fransformer (LVDT), handheld vibrometer, and
the lanyard gage potentiometer. All sense absolute dis-
placement relative to a fixed reference and, therefore;
have ffequency response and S/N curves thatare
uniform all the way to zero frequency (dc). This is
their chief advantage, along with high electrical"output
and, hgnce, immunity to extraneous noise. An“/attendant
disadvintage, however, is that they miist be mounted
firmly fto some structure that is stationary relative to
the vibrating system whose di§placement is to be
measured. This is often difficult£o accomplish in an oper-
ating plant environment. Other disadvantages of these
transdyicers are the following:

(a) Jome have a lowet-high-frequency response

(b) limited range ofdisplacement over which the trans-
ducer tesponds linearly and without hysteresis

(c) 1eed forspecial accompanying electronics (oscil-

(d) i

on the piping system can be determined from)|strain gage
readings. This implies the use of an appnoptiate theory
relating strains to stresses. The validity ¢f the final
results depends on the validity of any relationships
used in reducing the data.

The user of strain gages mustbe aware of
lems encountered by the use of these device
for the measurement of §tatic strains. These p
associated with temperature compensation, bond stabil-
ity, instrument stability and moisture, radiatign, and high-
temperature efwvironments. The user shoyld employ
state-of-the-art techniques to circumvent thefe potential
problems,

some prob-
, especially
roblems are

A-2.2 Cables

Since cable noise can distort the vibration s
sensors, low-noise cable should be used b
sensor and the signal conditioner. The ca
have temperature characteristics adequ
expected environment.

If cable connectors are used, precautions
taken to avoid the introduction of moisture af
tions, since, in general, long cable runjs [>100 ft
(>30.48 m)] between the transducer and the sfignal condi-
tioning unit may produce high-noise pickup or signal
attenuation. A remote preamplifier (or remote charge
converter) may be required to avoid these |difficulties.
The transducer and cable Manufacturer’s Data Sheets
should be consulted for details.

ignals from
etween the
ble should
hte for the

should be
these loca-

A-2.3 Signal Conditioner

A-2.3.1 General Requirements. The signal conditioner

lator/demodulator) and cabling should have proper electronic characterisfics for the
some cases, high noise, offset errors, and limited selected transducer.
For accelerometer signal conditioning, |ntegrating

(quantpnr‘) r‘icp]at‘nm ent 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 avail-
able 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.

121

circuits yielding velocity and displacement outputs
from the acceleration signal may be included in the
signal conditioner. Gain normalization for direct incor-
poration of accelerometer output scale factor (as supplied
by the Manufacturer) is an important feature because all
outputs can then be designed to read out directly in abso-
lute velocity and displacement units.

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 conditioner
should typically be able to measure velocities from 1072
in./sec to 10% in./sec (0.254 mm/s to 2540 mm/s) and
displacements from 10™* 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.

A-2.3.4 Eiltering.—Switch-selected low-frequenc
cutoff limitp should be provided to eliminate extremely
low-frequency signals and unwanted noise.

Low-pasf filtering should be available at the upper end
of the vibfation band to eliminate unwanted high-
frequency noise.

Band-pags filtering may often be desirable to reduce
interferencp among sinusoidal amplitude distributions,
or pulselile with high-crest factors, and sometimes

OM-2020

mixtures of all three. Therefore, the proper amplitude
function (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 accel-
eration, velocity, and displacement outputs from the
signal conditioner is desirable in most cases. A real-

i < og FM ecorder
dy and
A strip
sed to
indica-

e £ ch d1ld dNd adn anad d
(for data preservation and/or additional offline(st
processing) are also useful, optional equipment.
chart recorder or oscillograph can alsp-be
provide a permanent record of the analog meter

tion.
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Analysis Methods

This
modal
measu
mende

B-1 F(

The
time hi
tion us
tral de
that co
A suffi
to ensy
gration
bands
the rm
to peal
statisti

Appendix describes two methods of obtaining
displacements of the piping system from the
ed total displacement time history. It is recom-

H to be used in conjunction with Part 3, para. 6.1.

DURIER TRANSFORM METHOD'

recorded acceleration, velocity, or displacement
Stories can be converted to a spectral density func-
ng Fast Fourier Transform techniques. The spec-
hsity should be computed in the frequency range
htains the expected predominant system response.
ient number of spectral averages should be made
re that the density function has converged. Inte-
of the density function over discrete frequency
hround the predominant modal responses yields
5 modal response. These can readily be converted
k-to-peak response through consideration of the
Cal properties of the response.

Inaddition to the modal responses, the sped
function will indicate the system responseatd
frequencies associated with shaft and bla
frequencies of rotating equipment’that
piping system.

The piping displacements at these frequen
be determined. The piping/displacemen
frequencies should beZabsolutely summe
modal displacement of-the piping system
nearest to the deterministic frequency or {
resembles the displaced configuration atthe d
frequency.

B-2 OTHER METHODS

Alternative methods may be employed, su
superposition, provided that the method use
stratively conservative and the test analysis
requirements of Part 3, para. 6.1.4 are met.

DIVISION 2, Part 3, Nonmandatory Appendix B

tral density

pterministic
de passing

excite the

cies should
s at these
d with the
ode that is
hat closely

tterministic

'h as modal
l is demon-
correlation

L The user of this method is referred to the latest revision of ANSI S2.10,

Methods

for Analysis and Presentation of Shock and Vibration Data.
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Part 3, Nonmandatory Appendix C
Test/Analysis Correlation Methods

This Appendix presents a method for converting
measured modal displacements of the piping system to
bending stfess (or bending moments) through the use
of analyticqlly obtained modal characteristics.! It is rec-
ommended|to be used in conjunction with Part 3, para. 6.1.

C-1 TEST/ANALYSIS CORRELATION

The modpl displacements at each measurement point,

obtained in| Part 3, para. 6.1.3, should be tabulated and
normalized to an appropriate value (such as the
maximum [displacement) in that mode. The relative

sign of eacl} displacement can be obtained by computing
the phase between measurement points using Fourier
Transform [techniques. This yields a normalized mode
shape and |modal frequency obtained by test that can
be compar¢d to analytically obtained normalized mode
shapes and| frequencies. The test and analytical results
should be ¢orrelated according to the requirements of
Part 3, parq. 6.1.4.

UATION OF THE MEASURED RESPONSES

Chieved a correlation of test/analysis résults,
ally obtained modal moments er\stresses in
piping can be determined uSing the actual
onses obtained from the test data. This can
the following way.

C-2 EVAL

Having a
the analyti
the system
modal resp
be done in

The measured modal displacement at point jin
(denoted by D,,-T) is divided by the corresponding
tical displacement (D,-]-A), yielding the modal re

factor Kj;, as shown below.

Theoretically, all Kj; withina mode should be the
perfect correlation of test'and analytical mode sha

mode i
analy-
sponse

same if
pes has

been achieved. Realistically, however, the K;; willl vary.

Therefore, for each mode the maximum Kj; is
as the modalreSponse factor for mode i (denotg
The maximunt K;; should be chosen from amon
K;; in the,direction of predominant modal mo

chosen
as Kj).
b those
tion to

reducelunnecessary conservatism. Having obtaiped the

modal response factors (K;) for each mode, t
stress vector (S,-T) for each mode should be cal

by premultiplying the analytical stress vector®

(SJA)i

the modal response factor:

&

j =K;

1

he test
tulated

A

The modal stress vectors thus obtained shojuld be

combined by an appropriate conservative met
obtain the total stress in the piping.

hod to

It is assumed in this method that the stress vector includes the stress
indices as defined in Part 3, para. 3.2.1.2. Alternatively, the modal
bending moments in the piping (obtained from the modal analysis of
the piping) can be converted to stress using the equation for S,
defined in Part 3, para. 3.2.1.2.
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Part 3, Nonmandatory Appendix D
Velocity Criterion

This[Appendix describes a method for establishing a
velocitly criterion for screening piping systems. Using
these procedures, piping systems requiring further
analys|s can be determined. This Appendix is to be
used i1} conjunction with Part 3, para. 5.1.2.4.

D-1 VELOCITY CRITERION

The ¢xpression for allowable peak velocity from Part 3,
para. 5/1.2.4 is

_% ﬂ(sel)
allow™ C3Cs Gl
where
Cy4| = correction factor that compensates for the
effect of concentrated weights. If concentrated
weight is less than 17 times the weight of the
span for straight beams, L-bends, U-bends, and
Z-bends, a conservative value of 0.15 can be
used for screening purposes.
C,K,| = stress indices as defined in the ASME€ode;
C,K; < 4 for most piping systems
Cs| = correction factor accounting for pipe contents
and insulation; for contentstand insulation
equal to the weight of the,'pipe, the value
would be 1.414
C4| = correction factor for(end conditions different
from fixed ends and for configurations different

Using this criterion, piping systems can be_checked and
those with vibration velocity levels lowgr than the
screening value would require no-further analysis.
Piping systems that have vibration velocity levels
higher than the screening value*do not mecessarily
have excessive stresses, but further analysis is necessary
to establish their acceptability’

The following correction factors are consiflered to be
conservative values aid should be applicable to most
piping configuratiens; however, the consefvatism for
extremely comiplex piping configurations| cannot be
attested.

¢, =015

CoK, =4
Cy= 1414
C, = 0.74
Cs = 1.0

Se1 = 7,000 psi (48 MPa)
Vanow = Screening vibration velocity valu¢

_ (0.15)(0.74)(0.00364)(7,090)
(1.414)(1.0)(4.0)

0.5 in./sec (12.7 mm/s)

D-3 USE OF SCREENING VIBRATION VELOCITY
VALUE

from straight spans

1.33 for cantilever and simply supported beam
0.74 for equal leg Z-bend

0.83 for-equal leg U-bend

0.74.ds" conservative value for screening

A screening vibration velocity value of 0.5 i
mm/s) has been established that can be used
tion with Part 3, para. 5.1.2.4. Piping system
velocitiesless than 0.5 in./sec (12.7 mm/s) ard
to be safe from a vibratory stress standpoint

h./sec (12.7
in conjunc-
5 with peak
considered
and require

purposes
Cs| s-Correction factor that is used when measured

no further analysis. If vibrational velocities greater than
0.5 in./sec (12.7 mm/s) are measured, tHen further

frequency of the piping span; for frequency
ratios less than 1.0, the value is 1.0
Ser = see Part 3, para. 3.2.1.2
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
safe levels of vibration for any type of piping configuration.

analuses are reauired to-determine arrnnfal‘ilit
Y s b 3o - pas y.

The first step to take if vibration velocities are greater
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

RESPONSES

Piping vibrational response can be in the form of beam
or shell-wdll vibration. Each of these responses affect
piping diff¢rently, and therefore the corrective action
required fof each should address the specific type of vibra-
tion being ¢xperienced. Examples of commonly encoun-
tered excitition mechanisms and piping responses are
given in pafas. E-1.1 and E-1.2, respectively.

E-1.1 Excitation Mechanisms

Piping vipration excitation mechanisms are pressure
pulsations |n the fluid or gas being transported by the
piping or viprations mechanically transmitted by attached
or adjacent| equipment.

Exampleg of potential sources of low-frequency vibra-
tion are coptrol valve oscillations, turbulence caused by
high flow pelocities, flashing, and cavitation. These
sources canbe reduced by valve control system modifica*
tions such as the addition of damping, routing, or pipe size
changes to feduce turbulence, and the use of breakdewn
orifices or gnticavitation valve trim to reduce flashing or
cavitation.

Examples of high-frequency vibratigmsources are
pump- or compressor-induced pressure pulsations
produced By a control valve in a gas, or steam system
and vortex|shedding at flow orifices in a water system.
Modificatiops such as using a miffler, pulsation dampener
or suction sfabilizer, noise reduction valve trim, or adding
multistage [orifices are examples of how the vibration
source can |be reduced.

Pressure| disturbances or pulsations are transmitted
through thd fluid'the' same way that sound is transmitted
through aiil. Préssure pulsations can be amplified if the

pulsatlon f]rnnlnnnr‘y 1s at or near a plplhg ﬂf‘f\‘lcflf‘ﬂ]

or side branch opening) can reduce edding
and shift the shedding frequency, thereby avoiding reso-
nance. If this cannot be done, then modifications|can be
made to change the acoustic frequencies 'of the |piping.
Acoustic modifications include changes in pipe |engths
to raise or lower its acoustical natural frequenfy, and
the addition of a muffler, pulsation dampener, or
suction stabilizer.

E-1.1.1 Cavitation. Gavitation is often the cjuse of
piping vibration and. also produces noise, pressufe, fluc-
tuations, erosion datage, and loss of flow capacity| How it
occurs, its progression, and the involvement of| piping
components dre described below. A case history]is also
provided that'demonstrates how detrimental cayitation
can occur’at off-normal operating conditions.

E-1.1.1.1 Commentary. Vapor cavities are formed
when liquid pressure falls below its vapor pressure,
which can occur at pressure-reducing orifices and flow
control valves. Cavitation occurs when a vapor| cavity
collapses as it is subjected to pressure greater 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 caupe pipe
vibration, surface erosion, and acceldrated
corrosion.” 2

Cavitation sounds different depending on its severity. It
can vary from a cracking sound to a sound resgmbling
gravel being transported through a pipe. At|severe
levels it can be damaging to hearing.

When the vapor cavities collapse next to a pipe or
component surface, erosion and corrosion can occyr. Cavi-
tation erodes the protective oxidized surface| which
allows corrosion to accelerate. Recent pipe failuyes and
leakages have led to research to monitor and femedy
the offending conditions 3

frequency; this resonant condition increases the potential
for detrimental piping vibration. Acoustic frequencies are
a function of the speed of sound in the fluid 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 shedding
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

Components in piping systems, which contribute to the
pressure decrease necessary to cause cavitation, are
valves, orifices, nozzles, pumps, and elbows. Damage
can be reduced by keeping the cavitation level low,

L 0lson, 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).

2Wachel, 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).
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removing the boundary from the cavitation zone, treating
the boundary surface to make it resistant to damage, dissi-
pating the flow energy in stages, or ejecting air into the
separation regions.4 The most certain treatment for cavi-
tation-produced pipe vibration is to reduce or eliminate
the source.

E-1.1.1.2 Case History — Cavitation at Orifices. The
chemical and volume control system (CVCS) in some pres-
surized water reactor plants contains a single stage step-
down

DIVISION 2, Part 3, Nonmandatory Appendix E

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. Vibra-
tions of vents, drains, bypass, and instrument piping can
be corrected by bracing the masses (valves, flanges, etc.) to

the main pipe to eliminate relative vibrations.
High-frequency piping vibration results in small dis-
placement amplitudes, on the order of several mils or

rifice-in-the | etdown pr\vh'nn of the cycfom The
orifice
24 in.
mately
system
of aboy
requir
discha
Ato

nas a bore of 0.25 in. and a length of approximately
[he pressure drop across this orifice is approxi-
2,000 psig (from an upstream reactor coolant
pressure of 2,250 psig to a downstream pressure
t 250 psig). A back pressure of 200 psig or larger is
bd to prevent cavitation from occurring at the
ge end.

e nuclear plant, the pressure at the discharge end
droppgd to approximately 100 psig when a pressure
instrument drifted out of calibration. This condition
was difcovered after 9 months of operating under this
condition and the system was reconstituted to its
design|conditions. However, this extended period of
operation outside the design differential pressure condi-
tion was sufficient to cause cavitation and subsequent
erosion at the discharge end of the orifice. This
erosion adversely affected the fluid characteristics at
the disgharge end causing continuous cavitation, which
continyed to worsen even under design pressure condi-
tions.

The ¢avitation excited the piping system. The vibration
levels Were sufficient to cause leaks in the sdcket welded
joints.|The joints were repaired using similar design
but they continued to fail atiever increasing
rates ap the orifice continued to erode due to the contin-
uing cdvitation.

A reyiew of plant records revealed that the previous
operation was outside the design back pressure require-
ment. An engineering evaluation indicated the potential
for cavitation and possible erosion of the orifice. The cavi-
tation gnd socket weld failures ceased after the orifice was
replacqd.

E-1.2 Piping Responses

Piping beam vibration is the most commonly encoun-

less, and is commonly prevalent through
portion of a piping system. Therefore,(the
supports is typically not an effective means of
high-frequency vibration. For example, th
inherent in most supports would not res
frequency vibration.

Piping shell-wall vibrations typically oc
frequencies. For example; the lowest freq
mode of vibrations for’a 24 in. Schedule 40
Hz. Piping shell-wallvibration frequencies
tional to the pipé-wall thickness and are inver}
tional to the-pipe diameter. The most effectiv
action forshell-wall vibration is to eliminate t
excitation source. If the source cannot be
reduced, then the shell wall vibration freq
béamoved out of resonance, which could invol
the pipe dimensions, such as using a heavie
Circumferential stiffeners may also be used
the piping shell wall frequency. Constra
damping can be added to reduce the dynam
and stress.

E-1.3 Response of Supports

Supports and structures used to restrain p|
tion must be capable of enduring the continuo
loadings that they are installed to restrain. Th
can result in excessive wear and fatigue of ¢
and supports not specifically designed fof
Therefore, items installed for this purpo
able to withstand this vibration, or inspecti
placements of these items should be schedu

On systems that experience significant vi
design of the support systems should be 1
determine if they provide adequate res
frequency of the supports and auxiliary sted

but a large
addition of
controlling
e free play
train high-

cur at high
ency shell
pipe is 190
ire propor-
ely propor-
P corrective
he vibration
adequately
lency must
ve changing
r wall pipe.
to increase
ined layer
ic response

ping vibra-
s vibration
is vibration
omponents
vibration.
te must be
bns and re-
ed.
bration, the
eviewed to
raint. The
| may need

tered response. This vibration results from excitation of
piping structural modes that cause piping to vibrate
similar to simple beams. This type of vibration is typically
most predominant below 20 Hz although beam vibration
with frequencies up to 100 Hz or more is possible. Elim-
inating or reducing the vibration excitation source is the
most effective corrective action. Low-frequency beam

*Tullis, J. P., “Hydraulics of Pipelines,” John Wiley and Sons, New York
(1989).
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to be mncreased above that of expected and/or anticipated
piping vibration frequencies to avoid resonance with the
piping vibration. Vibration of the supports and auxiliary
steel could also potentially result in fatigue failure of the
supports. In this case, the support and auxiliary steel
should accommodate the applicable design basis and
vibrational loads and be designed to have a natural
frequency above expected pipe vibration frequencies.
Vibration movements of piping can also potentially
result in rubbing and wear of the pipe wall at some
types of supports. A box support with a gap between
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the piping and support steel can potentially cause wearing
of the pipe wall if the pipe vibrates and rubs against the
support steel.

E-2 ADDITIONAL TESTING AND ANALYSIS

Root cause investigation may also involve more detailed
analysis and/or testing. These steps can be taken to assist
in determining the root cause of the vibration, or to reduce
possible conservatism in the methods used to determine

ASME OM-2020

majority of piping; however, conservative assumptions
were made to simplify the criteria. Therefore, by either
more detailed analysis and/or testing, 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 component. Detailed testing can involve the
application of strain gages to determine with a higher
degree of accuracy the actual peak stress levels in the
piping. Strain gage testing may also be used, possibly

vibrational
the limits d
techniques
to be withi
niques are
developed

4. A 1 ) 4 oot <l
stresses—Forexamptevibration-thatexeeeds
etermined through the simplified evaluation
biven in Part 3, section 5 may be demonstrated
h acceptable limits when more detailed tech-
used. The methods of Part 3, section 5 were
to be efficient methods of qualifying the

in conjunction with test and analysis correlation, to
reduce conservatism. A continuous monitoritg data
acquisition system may also be temporarily,used t¢ deter-
mine system vibrational response during plant op¢ration.
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Part 3, Nonmandatory Appendix F
Flowchart — Outline of Vibration Qualification of Piping Systems

e I-1, Flowchart — Outline of Vibration Qualifica-
Piping Systems, appears on the following page.
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Qualitative Evaluations

For
obsery
based
down.
based ¢
of VMG
the aid
measu
piping
known

Qua

i piping system to be deemed acceptable, the
ed piping vibration must also be acceptable
n qualitative evaluations made during the walk-
[his is in addition to demonstrating acceptability
n the quantitative measurements and calculations
1,2, or 3. Qualitative evaluations are made without
of measurement data or made in addition to
red data. Qualitative evaluations of observed
responses are made based on comparisons to
acceptable responses.
itative evaluations are not acceptable if the
observed conditions are judged to have a detrimental
impactf on the integrity of the piping system (i.e., the
ility to maintain pressure integrity or perform its
nction). Conditions judged to affect only the main-
of the system, but not its integrity, can be consid-
eptable but should be flagged for future corrective
action pnd/or monitoring. Caution must be used when
touchinjg high-temperature or high-energy piping.
Qualftative evaluations rely primarily on observations
and judgments made during the piping walkdowns»Obser-
vationdinclude the use of perceptual (visual, tactile; aural)
inspectlions. This includes listening for abnormal noises,
for example, due to excessive cavitation,or component
malfurjction. In addition, the senge~of touch can be
used td determine the presence of(high-frequency vibra-

tion (1.€., it may not be possible to visually pe
frequency vibrations; however, they areea
able through the sense of touch).

Items addressed by qualitative eyaldation

(a) applicable assumptions and limitations
titative analysis techniques.

(b) potential detrimental’effects of vi
support wear and fatigue and pipe wall w
by rubbing at supports:

(c) thepotentialeffect of vibration on threa

tions such as thie loosening of nuts and bolts.

(d) component wear and corrosion (e.g., ca
result in sighificant wear and corrosion).

(e) vibration effects on equipment and c
Vibration can affect valve components such
hydraulic and instrumentation tubing and v
Vibration near a pump can be indicative of pun
such as misalignment, cavitation, or imbalan

(f) how limitations of the instrumentatio
accuracy of the vibration measurements.

(g) signal noise. The contribution of undes
trical noise to the vibration signal.

(h) branch lines. Header vibration can adv
branch piping, and pressure pulsations transn
branch piping can result in vibration thro
branch piping.
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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 purppse of this Appendix is to provide guidance for
monitoringland qualifying, using the displacement accep-
tance criteifia, steady-state piping vibrations per the re-
quirementg of Vibration Monitoring Group 2, VMG 2, of
Part 3. Thi$ guidance is based on extensive experience
associated with field walkdowns and testing.

H-2 ASSUMPTIONS

These criteria assume that the stresses resulting from
the steady-ftate vibration of an entire piping system can
be conservatively estimated by dividing the system into
smaller piging spans with various end conditions and
using simple beam analogies to determine the deflection
limits. It is|further assumed that the vibration between
node pointp and/or adjacent, parallel, seismically rigid
restraints {s dominated by a single mode of vibration
that can bd conservatively approximated by the funda-
mental modle of a simple beam model.

The allowable stress amplitudes, S,, are in accordance
with Part 3| section 3. These stress amplitudés are based
on the alterpating stress intensity at 10** ¢ycles. Note that
the assumptions stated in the ASME BPVCfor the use of
these curvgds must be followed, inclading the following:

(a) The fatigue curves are not(applicable at tempera-
tures above 700°F for carbon steeland 800°F for stainless
steel.

(b) The fhtigue curvesuséamodulus of elasticity of 30 x
10° psi for|carbon steéhand 28.3 x 10° psi for stainless
steel. Therdfore, when,an analysis is performed to deter-
mine vibration-induced stresses using a modulus of elas-
ticity different than that used in the fatigue curves, the

levels of acceptance criteria. The procedur€ 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 in implementing the-monitoring procedyre is to
align the piping system in the flow mode(s) that haye been
judged, based on a review of all the possible operating
modes of the systery to result in the most sever¢ vibra-
tions. If the mogst 'severe mode(s) cannot be deteymined
from a review.of'the operating modes, the system|should
be tested in.several or all its operating modes. Geherally,
the mosgsevere steady-state vibrations occur [during
maximtm or minimum flow conditions.

H-3.1.2 Inspect the Piping. Once the flow mode is
established, the piping is inspected for perceivabl¢ vibra-
tion. Vibrations can be perceived not only by sight but also
by touch and by hearing. Therefore, all senses shpuld be
alert when performing the walkdown, especially 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 mgasure-
ment should be taken to document system repponse

and provide a baseline for future reference. EqL:meent

that measures true peak-to-peak displacement is [recom-
mended for measuring piping vibration, since the dis-
placement is proportional to the pipe mode shape and,
therefore, is proportional to the vibrational stregs.

Equipment that measures root mean square (rms) dis-
placement indicates only an averaged stress. The rms
measurement cannot be readily converted to peak-to-

paaxlesaaaciiramante aveant £o i cinaicnd

calculated lstresses shall he ndjncfpd as cpm‘ifipd in
ASME BPVC, Section III, NB-3222.4.

H-3 IMPLEMENTATION

A sample steady-state vibration monitoring procedure
is shown in Figure H-1. The procedure begins with the
least involved method of monitoring, and the monitoring
methods and associated analyses become more extensive
as the measured vibration exceeds the criteria of the
various monitoring levels. The procedure requires
further action for evaluating vibrations that exceed all

peak-measurements—except-forpure-sinuseidal-signals.
Since piping vibration is often quasirandom, equipment
that measures rms signals should not be used. The predo-
minant frequency of the vibration is also important and
should be documented for baseline purposes and for
aiding in problem resolution.

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
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Figure H-1 Monitoring and Qualification of Piping Steady-State Vibration

Align piping system for
applicable flow mode

Perform qualitative and
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assessments

Y

Y

Inspect piping during Y
system operation

Measure Pk-Pk displacements
Yes at locations where vibrations
are judged to be the worst

Y

Perceivable
vibration?

displacement limits using
simple beam analogy

Calculate allowable

Y

Piping qualified —
document at least-ene
vibration measurement
and any asseciated
calculations\for each
flowsmode

produding’the highest vibrational stresses and/or on the

If greater than|twice
allowable, ayoid

operation |n

applicable mode

No

Measured
displacement’less
than allowables?

Y

Perform simglified
computer anallsis to
determine pipe ptresses

Yes
Y

Vibration

acceptable per
qualitative

assessment?

Pipe
stresses|
acceptable?

Yes

Recommend

No ————>| . .
corrective agtion

H-3.1.4 Evaluate Measurements. Once the|locations of

basis of the qualitative evaluation.

The worst vibration does not always correspond to the
location of the maximum displacement. For example, a
displacement measured in a stiff portion of the piping
system could be more severe than a large displacement
measured in a more flexible portion of the system if the
former results in a higher stress. Note that experience in
monitoring piping vibration is required to accurately
judge the locations of worst vibration and acquire a
“feel” for the severity of vibration in general.

the worst vibrations are determined, the measured dis-
placements are evaluated by applying the criteria
presented in section H-4. Documentation of the measure-
ment should include the vibration location, magnitude,
direction, and frequency, all the calculations performed,
and the acceptability of the vibration.

The criteria in section H-4 are simplified for easy appli-
cation and, because of their simplicity, yield smaller allow-
able displacements than more detailed analyses would.
Knowledge of piping structural dynamics and stress
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analysis is required to ensure the criteria are applied in a
conservative manner.

H-3.1.5 Excess Vibration. If the measured displace-
ment (VMG 2) exceeds the allowable displacement
from section H-4, further analysis is required to evaluate
the vibration. When the allowable displacement is
exceeded by more than a factor of 2, operation of the
system in the offending mode flow should be avoided

until further analyses or corrective action can be
performed_ Note. fl‘\-)f’ based on nvpnrinnra, the cimp]iﬁnr‘

ASME OM-2020

inspections, listening for indicative noises, and the
sense of touch, which can be used to determine the pres-
ence of high-frequency vibration. Caution must be used
when touching high-temperature or high-energy piping.

Qualitative evaluations assess the potential for detri-
mental vibration that may not be quantified by the vibra-
tion instrumentation. These evaluations also address the
limitations inherent to the assumptions and analysis tech-
niques used for quantifying the effects of the vibration on
piping response.

displacemgnt allowables determined using the simple
beam analdgies of VMG 2, have typically been found to
be conservitive by at least a factor of 2, when compared
to more defailed evaluations. This assumes the correct
application|of the criteria.

When th¢ allowable displacement limit is exceeded, a
simplified computer analysis can be performed. The
purpose of|this analysis is to reduce the conservatism
inherent tp the allowable displacement criteria by
more accurfately modeling the piping configuration and
determining the piping deflected shape and pipe stresses.

The peak stresses from the simplified computer
analysis arfe compared with the applicable allowable
stress amplitude from 3, section 3. If the allowable
stress amplitude is exceeded, further action is recom-
mended to|resolve the vibration problem. Examples of
recommended actions are shown in Table H-1. The
most cost- and time-effective action is chosen for resolving
the vibratign problem.

H-3.2 Qualitative Evaluations

The objeqtive of the qualitative evaluations is toaddress
vibration cquses and effects that are not quantified by the
vibration mleasurements and evaluation techniques. For a
piping syst¢m to be determined acceptable;the observed
piping vibrgtion must be acceptable based on a qualitative
evaluation.|This is in addition to(demonstrating accept-
ability based on quantitative mieasurements and calcula-
tions.

Note thatfor the qualitatitve evaluation to be not accept-
able, the olserved conditions must be judged to have an
immediate fletrimertalimpact on the acceptability of the
piping system. An\éxample is severe cavitation that is
judged to li ely tesult in damage to the plpmg or compo-
nents. Condi
detrimental 1mpact can be considered acceptable but
should be flagged for future corrective action and/or
monitoring. An example is vibration resulting from imbal-
ance in a pump. This may not be animmediate concern, but
should be flagged for future corrective action or mainte-
nance.

Qualitative evaluations rely primarily on the observa-
tions, experience, and judgments made by the individuals
completing the piping walkdowns. Observations include
the use of instrumentation plus the use of perceptual

Examples of the items that are addressed by the quali-
tative evaluations include the limitations of the‘vipration
instrumentation and the quantitative analysistechniques
and the effect of vibration on supportsyequipment, and
branch piping. Some specific examples are provjided 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. Thé _capabilities and limitations of
the instrumentation-must be accounted fgr. For
example, acceleremeters are typically not sensjtive to
low-frequency{yibration. If low-frequency vilpration
(e.g., less than3 Hz) is present, then different instfumen-
tation may*be required to adequately quantify th¢ vibra-
tion.

Additionally, some instrumentation such as displace-
ment transducers, may have limited response tp high-
frequency vibration. Therefore, if high-frequency vibra-
tion is present, different instrumentation (e.g., dcceler-
ometers) may be required to obtain adgqquate
measurements.

The limitations of the signal conditioning togethler with
the dataacquisition and reduction equipment mustlalso be
considered. For example, the types of filters used will
affect the recorded data. Filters include high-pags, low-
pass, and anti-aliasing filters.

H-3.2.2 Quantitative Analysis Techniques. Th¢ accep-
tance criteria provided in these guidelines are b3sed on
the allowable stress limit for fatigue of the piping nfaterial.
The intent is to prevent a fatigue failure of the |piping.
However, parameters in addition to pipe fatigug stress
can be important. These other factors are evalupted as
part of the qualitative evaluation. Other factors |nclude
the Capablllty of the support system to w1thstc nd the

d equip-

ment and branch llnes

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.

H-3.2.3 Piping Supports. Piping vibration can affect
pipe supports by causing wear, loosening of threaded
connections, and fatigue damage. These effects must be
evaluated if the vibration is judged significant enough
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Table H-1 Recommended Actions for Piping Vibration Problem Resolution

DIVISION 2, Part 3, Nonmandatory Appendix H

Retest
Action Purpose Example Required
Perform detailed analysis  Quantify stresses in localized area; detailed Finite element analysis of stresses in fitting and/ No
analysis performed to reduce conservatism or piping structural stress analyses to more
in simplified analysis accurately quantify the vibrational deflected
shape and corresponding stresses
Perform detailed testing Quantify stresses in localized area; detailed Installation of strain gages on piping No
testing performed to reduce conservatism
ill billlp‘lilib‘d dlldiybib
Perforn} test-analysis Quantify pipe responses throughout system Use of dynamic pressure data for comparison'with No
correjation by correlating analysis input with test data input or as input to hydraulic transientanalysis
Modify piping and/or Reduce pipe stresses by reducing vibration Addition of rigid restraints Yes
restrdints amplitudes
Determ]ne and eliminate Reduce pipe stresses by eliminating or Addition or modificatien of restricting orifice o] Yes

sourde of vibration altering excitation forces

valve trim; change'in operating procedure

to advdrsely affect the supports. Although the acceptance
criterid for the simple span analogies are based on piping
fatigue|stress limits, the supports are obviously important
since dhmage or failure of a support could adversely affect
the vibjrational response of the piping.

Quantitative evaluation of stress in the structural
membdrs comprising the support should be completed
when dignificant vibrational loads are experienced:

The following are examples of qualitative evaluatioens of
supports that should be completed as appropriate:

(a) inspection for loose or missing nuts at threaded
connedtions. Vibration, especially high-frequency vibra-
tion, tegnds to loosen threaded connections.

(b) indications of wear at the intérface of the piping and

oved, rotated, or misaligned pipe clamps. Moved,

, or 1hisaligned pipe clamps can be indicative of
piping|dynamic transients or significant steady-state
vibratién

orifices. Thé presence of significant cavitatign, typically

accompanied by continual or intermittent

loud noise,

may_ be‘reason to fail the qualitative evaluation, even if
theé ‘quantitative evaluation indicates acceptgble results.
(b) Vibration can affect equipment comporjents. Vibra-

tion can affect components of the valve such

as attached

hydraulic and instrumentation tubing and yalve yokes.

The presence of high-frequency vibration

at a valve

could also be indicative of resonance of the valye internals.
(c) Vibration near a pump can be indicatie of pump
problems such as misalignment, bearing weay|, flow recir-

culation, internal cavitation, or imbalance.

(d) Branch lines can be affected by vibration of the

header piping especially if the header vibratio
is near a structural natural frequency of the br

h frequency
hinch piping.

Branch piping can also be affected by the pregsure pulses
in the header being transmitted through the Branch. This
is especially true if an acoustic resonance of|the branch

piping is excited.

H-4 ALLOWABLE DISPLACEMENT LIMI

The measured displacements obtained

r
during the

perceptual monitoring procedure (sectiojn H-3) are

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 equipment.
Below are examples of items to consider.

(a) Cavitation results in piping vibration, which is eval-
uated through quantitative techniques. However, cavita-
tion can also cause wear, erosion, and pitting on the
internal surface of valves, downstream piping, and

compared with allowable displacement limits. The dis-
placement limits are calculated using the beam models
and corresponding equations given in Part 3, para.
5.1.1. These beam models correspond to conservative

representations of the actual piping respons

e. Guidance

onthe use of these models are provided in paras. H-4.1 and

H-4.2.
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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 (8aj10w)
and is the length of pipe between adjacent vibrational
node points. If vibrational node points cannot be deter-
mined, such as is the case with quasirandom vibration, a
conservative characteristic span should be determined by
using assumed node points. The location and orientation

ASME OM-2020

rotation as well as zero displacement. Node points are
most readily found when the piping is vibrating predomi-
nantly in a single mode of vibration. Node points will typi-
cally occur at seismically rigid restraints; however, node
points may also occur in the middle of pipe spans. As
discussed previously, assumed node point locations
may have to be used for determining the characteristic
span if actual node points cannot be determined.

It should be noted that node points are not always
located at restraints. For example, snubbers limit vibra-

of the seisptealy—rigtd—supports—{eg—saubbersrigid
struts, struftural anchors, and equipment nozzles) can
be used as| assumed node points. The assumed node
points are then used to determine the characteristic span.

Note thaf a conservative characteristic span is a length
of pipe that is shorter than the actual vibrating span of
pipe. As illfistrated by the allowable displacement limit
equations, the rate of decrease of 840w iS proportional
to the squared rate of decrease of the characteristic
span, L.

H-4.2 No

Ie

Node points are locations of zero pipe vibrational dis-
placement (6 = 0). Note that beam analogies that have one
or both ends assumed to be fixed or clamped conserva-
tively assutpe that node point locations experience zero

Points

tional motion to a predetermined velocity or acceleration
value. If the piping is vibrating at a level belowthe prede-
termined value (e.g., below 0.02 g for certainmedhanical
snubbers or below 10 in./min velocity for some hydraulic
snubbers), the snubber will not restrain'the piping pnd the
restraint location and, therefore, need not be considered
as a node point.

In addition, some restraints+hay have gaps or fi
of sufficient magnitude to allow unrestrained pipin
tions of amagnitude lessthan or equal to the restra
or free play. For piping vibrational displacemer
magnitude less than or equal to the restraint g
free play, the.restraint locations need not be con
as node points.

ee play
b vibra-
ntgaps
its of a
raps or
sidered
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Acceleration Limits for Small Branch Piping

DIVISION 2, Part 3, Nonmandatory Appendix I

The [ntent of the acceleration method 1s to provide
screening acceleration limits as a supplement to the dis-

ered from header piping or equipment. This
is intended to provide a conservative representa-

The

is intended to be a supplement to the displace-
ethods provided in Part 3, para. 5.1.1 when

piping (pipe sizes $27in.) cantilevered to
piping is driven as,a rigid body at a high accelera-
these cases, allowable acceleration limits based on
wable stress amplitudes of Part 3, section 3 can be
evaluate the.vibrational stresses. The acceleration
iscussed/below provide a simplified method for
determining acceleration limits for these types
llations.
pquiation for peak acceleration, a,, limits in units of

header]
tion. In
the allg
used to
limits
quickly
of inst§
The

where
Cz, Kz =
Lg

stress indices defined in Part)3,

a conservative value for the'efféct
inches (meters) from the branch
(at the location of the.girth fillet {
center of gravity,of the masses tH
Wr

alternating stress from Part 3, p
the total weight in pounds (kilog|
lumped.masses including valv
flanges, the pipe itself, the pip
ahd)insulation

section modulus of branch pipe,
unit conversion factor equal to 1
U.S. Customary units specified bel
and equal to 10.197 x 10™* whe]
units specified in parentheses ar

Sel =
Wr

EXAMPLE APPLICATION: A peak stress index (CK|
to 4.2, which corresponds to a girth fillet weld is
into the acceleration limit equation. The acceleratid
tion should be changed accordingly when other v,
are applicable.

A%, in.Schedule 80 cantilevered branchlineisac
header pipe at a peak acceleration of 1.0g (zero {
branch line contains a 15-lb valve that is 6 in. froj
connection. It is determined that L; = 6 in. and W
Figure I-1 for determination of Lg and Wry). Detg
measured acceleration falls within the simplified
limit.

For carbon steels with a UTS <80 Kksi, the equati
able acceleration in units of g is shown below.
below also assumes that C,K, = 4.2.

para. 3.2.1

ve length in
connection
wveld) to the
at make up

ara. 3.2.1

rams) of all
s, fittings,
e contents,

in.® (m%)

0 when the

bw are used
the metric

e used

b or 2i) equal
ncorporated
n limit equa-
hlues of C,K,

elerated by a
0 peak). The
n the branch
£ 16.6 1b (see
rmine if the
acceleration

on for allow-
he equation

g is
Sl X z

Qp=—"-——Xe€
C2K2 X WTLE
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1,667z

@} = Some piping configurations and operating conditions, for
TE example, instrument lines branching off process piping,

1,667z _ (1,667 X 0.0853) . . .
= = = 143¢ > 1.0g can be excited in higher-order modes (i.e., one or more

WrL, 166X 6 ] . .
TE ( ) node points exist between the branch connection and

the measurement location). This type of vibration is indi-
cated by large accelerations occurring along with small dis-
placements at locations several feet from the branch
connection. In addition, local effects can result in high accel-

The vibration is acceptable.

CAUTION: Acceleration measurements often result in large
overall values especially if high-frequency accelerations are

present. It is important to note that these high-frequency  ¢ratjons that are transmitted through the shell and do not
accelerations likely will not affect the piping as assumed  ,¢fect the global structural vibration mode of the small
by the criteria provided herein. The acceleration limit is

branch piping. The criterion presented in this Appendix
) g : - > 15 not applicable for this type ol vibration; howgver, if
affect the pjping equivalent to static accelerations. Using used, the acceleration limit should be consefvakive. In

this assumption for the high-frequency accelerations  geperal, more detailed analyses are required. té ealuate
(where high frequency can be taken as frequencies the vibration.

above the fundamental frequency of the small branch
line) may result in overly conservative results.

based on t

Figure I-1 Determination of L and Wy

where
W =Sweight of pipe within length Lg
W= weight of contents within length Lg
Wi = weight of insulation within length Lg
Wy Wir- Wy, = weight of concentrated masses (valves, fittings, flanges, etc.)
Wuyp = weight of pipe, contents, and insulation outside length Lg to first rigid support or snubber in direction of vibration
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Part 5
Inservice Monitoring of Core Support Barrel Axial Preload in
Pressurized Water Reactor Power Plants

DIVISION 2, Part 5

1 PURPOSE AND SCOPE
11P

This|Part outlines an inservice monitoring program for
detecting significant loss of axial preload at the core
suppoit barrel’s upper support flange in pressurized
water reactors.

rpose

1.2 Scdope

This
toring
power
intervg
acceptd

Part provides requirements for inservice moni-
of core support barrel axial preload in PWR
plants and recommends monitoring methods,
Is, parameters to be measured and evaluated,
nce criteria, and records requirements.

1.3 A

This
signals

plication

Part addresses the use of ex-core neutron dete¢tor
to infer the condition of axial preload.

1.4 Definitions
(a)

ensure
in this

[he following list of definitionslis provided to
a uniform understanding of Selected terms used
Part:

axial preload: the axial clamping force at the core support
barrel §ipper flange that preyents vertical or lateral motion
of corel support barrel at.the location.

cantile
mode
end frq

ber mode of yibration: the fundamental vibration
f a simple-béam with one end clamped and one
e.

core supportbarrel: the cylindrical structure located inside
and concentric with the reactor pressure vessel that has

mechanical snubbers: dynamic restraint devid
load is transmitted entirely through mechan
nents.

neutron noise: fluctuations in‘the detected ne
from a reactor operating at'steady state.

(b) The following terms pertaining to rd
analysis are defined in~ANSI S2.10-1971, M
Analysis and Presentation of Shock and Vib

(1) autopower spectral density function
power spectial density)

(2) cross-power spectral density fung
(also eross-spectral density)

{3)" coherence function, COH

(4) root mean square, rms

(c) The following normalized spectral d¢
referred to in this Part:

(1) normalized power structural densit
(2) normalized root mean square, nrmg
(3) normalized cross-power spectral den

es in which
cal compo-

itron signal
ndom data
[ethods for
ation Data:
APSD (also

tion, CPSD

tnsities are
7, NPSD

sity, NCPSD

The normalized functions are defined in Nogmandatory

Appendix B of this Part.

2 BACKGROUND

Figure 1 shows a cross-sectional view of a
surized water reactor vessel and core supj
Flow-induced vibration of the core support
change the radial gap between the inner d
the reactor vessel and the outer diameter
barrel (downcomer annulus water gap), and t
in this water gap will result in corresponding y
the neutron flux sensed by the detectors [s¢
illustration (b)].

ypical pres-
bort barrel.
barrel will
iameter of
of the core
he variation
ariationsin
e Figure 1,

The ex-core neutron flux signal is compose

 of a direct

the primary structural function of sSupporting the reactor
core.

core support barrel frequency: the natural (resonant)
frequency of the dominant beam mode response of the
core support barrel vibration.

ex-core neutron detectors: neutron detectors located
outside of the pressure vessel and at the same elevation
as the core and used to monitor neutron flux as an indica-
tion of reactor power.

current (DC) component resulting from neutron flux
produced by power operation of the reactor and a fluc-
tuating signal or “noise” component. The fluctuating signal
is associated with core reactivity changes and variations in
neutron attenuation due to lateral core motion. This core
motion is primarily the result of beam mode vibration of
the core support barrel. Beam motion of the core support
barrel is usually a very small neutron noise source, but it
can be reliably identified through Fourier analysis and is
typically characterized by 180-deg phase shift and high
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coherence between signals from ex-core detectors located
on opposite sides of the core.

The natural frequencies and amplitudes of the core
barrel cantilever mode of vibration are dependent on
the effective axial preload at the core support barrel’s
upper support flange. Thus, monitoring the neutron
noise signals measured by detectors located around
the periphery of the reactor vessel (see Figure 1) provides
a method for detecting a significant loss of axial preload.
The relationship between beam motion of the core

DIVISION 2, Part 5

The diagnostic phase of the program is used to identify
the cause and evaluate the significance of unexpected
changes in the neutron noise signals identified in the
surveillance phase. The phase requires additional analysis
of current and previous data sets taken during baseline
and surveillance phases to investigate the reasons for
signal changes and to establish a future course of action.

A detailed description of each phase of the program is
given in sections 4 through 6. A summary of the program
phases is shown in Table 1. Data reduction techniques are

supporf barrel and neutron noise signal can be derived
from the shielding equation as described in Nonmanda-
tory Appendix A of this Part.

3 PRQGRAM DESCRIPTION

The program described in this Part is intended to detect
signifidant loss of axial preload due to long-term changes
(loss of axial restraint on the core barrel resulting from
abnormpal wear at the reactor vessel core barrel mating
surfacd) or short-term changes (due to improper installa-
tion of|the reactor internals).

The program has three phases: baseline, surveillance,
and diggnostic.

Phase Objective Time

To establish reference
data for use in the
surveillance and diag-
nostic phases of the
program

Initial data acquisition or
startup and as indicated
below

Baseling

Surveilljnce To compare amplitude
and frequency
measurements with ac-
ceptable deviations

from baseline values

Periodically during
operation

Diagnostic To investigate cause and  As-surveillance phase

significance of changes indicates
in signals that are not

within the limits estab-

lished in baseline(phase

The baseline phase establishes reference data for use in
developing limits apd trends for the surveillance phase
and to|support data’interpretation in the diagnostic
phase ¢f the program. Obtain baseline data at the begin-
ning, mliddlesand end of each of the first three fuel cycles of
anew glantor during the first fuel cycle that the program is
applier ina pl;mf that is already operating. In addition

discussed in Nonmandatory Appendix B of this Part. Data
acquisition information (instrumentation, signal condi-
tioning, parameters, and plant conditiens) ik discussed
in Nonmandatory Appendix C of this\Part. Datq evaluation
(including use of acquired data;anomalies| and other
experience) is presented in Nonmandatory Appendix D
of this Part. Guidelines for. eValuating bas¢line signal
deviations (including data trends and user|experience
made available since the original release) are discussed
in Nonmandatory Appendix E of this Part. Regresentative
data are showndin Nonmandatory Appendice$ D and E of
this Part.

4 BASELINE PHASE
4.1 Objective

The objective of this phase is to periodically establish
a database for the plant to be used as referenice informa-
tion for the surveillance and diagnostic phases of the
program.

4.2 Data Acquisition Periods

Collect data for use in establishing the refdrence data-
base
(a) atthe beginning, middle, and end of each of the first
three fuel cycles of a new plant
(b) at the beginning, middle, and end of the first fuel
cycle after the program is applied in a plant that is already
operating
(c) after every core barrel removal
(d) after every significant modification to[the core
(e) after every significant modification of|the reactor
internals
Acquire data prior to the removal of the corg barrel and
priorto anticipated significant modifications off the core or

obtain baseline data when significant changes are made to
the core, reactor internals, or operating conditions.

The surveillance phase of the program covers routine
monitoring during normal operation over the life of the
plant. Obtain data at the start of each fuel cycle and every
90 effective full-power days (90 EFPD) or less throughout
the cycle. Initiate the diagnostic phase of the program if a
change in the neutron noise signals that the frequency or
amplitude of core barrel motion is not within predeter-
mined limits.

internals, as an aid in interpreting subsequent baseline
data.

4.3 Data Acquisition and Reduction

Record the neutron noise time histories (analog or
digital) from all functioning ex-core power range detec-
tors (single section or summed signal from upper and
lower sections) at each baseline phase data acquisition
period. As a minimum, analyze the data to determine
the following:
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(a) normalized root mean square (nrms).

(b) normalized power spectral density (NPSD).

(c) normalized cross-power spectral density (NCPSD),
phase, and coherence of all detector pairs at one elevation.
If detector signals are available at more than one elevation,
itis permissible to select detector and detector pairs from
more than one elevation, but signals used for a pair should
be from the same elevation. Monitor, as a minimum, two
sets of cross-core (separated by 180 deg) detectors.

(d) wideband and narrowband nrms values for

5.2 Frequency of Data Acquisition

DIVISION 2, Part 5

Acquire and evaluate the data associated with the

surveillance phase
(a) at the beginning of each fuel cycle

(b) at intervals of 90 effective full-power days or less

(c) at the end of each fuel cycle

Baseline data may be acquired in lieu of surveillance

data.

5.3 Data A isiti | Reducti

frequency bands as defined in para. 4.4.

Analjze the data over a minimum frequency band of 0.2
Hzto 2P Hz with a resolution that is consistent with ampli-
tude ar}d frequency changes to be detected (see Nonman-
datory Appendix C of this Part). Maintain the plant as close
as posdible to expected steady-state operating conditions
during|data acquisition.

4.4 Data Evaluation

e baseline data to establish two frequency ranges,
and awide band, and to establish the beam mode
center [frequency, for use in the surveillance and diag-
nostic phases. Ensure the narrowband range encompasses
approxjmately +25% of the beam mode center frequency
for the fore supportbarrel. Adjust this band to remove the
effects pf adjacent peaks. This frequency band usually has
a high ¢oherence and 180 deg phase shifts between cross-
core detectors (see Nonmandatory Appendix D of this
Part).|Verify the center frequency of core barrel
motion| by the following:

(a) yerified fluid-structural model calculations

(b) preoperational vibration measurement programs

(c) fomparison with a similarly designed and
constrificted plant whose core barrel motion frequency
has be¢n verified by methods in (a)‘ov (b)

Establish a wide-band frequency‘range from 0.2 Hz to a
minimyim of 20 Hz that includes,’ag’a minimum, responses
in all anticipated support cenditions.

Detefrmine baseline nrims’values for both frequency
ranges| and beam meode center frequencies based on
both the normalizéd power spectral densities (NPSD)
and thle normalized cross-power spectral densities
(NCPSD).

5 SURVEILLANCE PHASE

Acquire and evaluate the data by either
means identified in para. 5.1. Deteymine th
nrms and center frequencies from\NEPSDs
of cross-core (separated by 180.deg) det
detector pairs separated by approximately 90

of the two
e values of
using pairs
bctors. Use
leg. In addi-

tion, acquire data to permit'preparation of colerence and

phase for two cross-cofe~detector pairs at 3
Acquire data to permit detection of a
change in either theshrms values or the cente
of the dominantbeam mode response of the ¢
barrel vibration.

5.4 Data Evaluation

later time.
bignificant
r frequency
pre support

Campare the narrowband and wideband nrins values or

narrowband nrms and core support barrel
vibration frequency(ies) to corresponding v:
lished during the baseline phase. Establish thg
range of nrms values and beam mode cente
(ies) by the plant Owner. Allowances may H
gradual changes in nrms and beam mode centd
values due to nonmechanical phenomena. Pro
diagnostic phase if the nrms values or
frequency fall outside the acceptable range.
Guidelines for establishing criteria for enter

beam mode
lues estab-
acceptable
I frequency
e made for
r frequency
gress to the
resonance

ngthe diag-

nostic phase of the program are given in Nogpmandatory

Appendix D of this Part.

6 DIAGNOSTIC PHASE
6.1 Objective

The diagnostic phase of the program is en
surveillance phase data evaluation determine
are exceeded. The objective of this phase of thd

tered when
5 that limits
program is

to establishifdeviations from the baseline data

detectedin

5.1 Objective

The objective of the surveillance phase of the program s
to periodically confirm that the neutron noise nrms values
are within predetermined limits. Use periodic measure-
ment and analysis or a suitable continuous surveillance
monitoring system. Conduct the program for each fuel
cycle over the life of the plant.

143

the surveillance program are due to changes in core barrel

motion, which may be indicative of loss of axi

al restraint,

and to establish further actions to be undertaken.

6.2 Data Acquisition Periods

Contrast the NPSDs, NCPSDs, coherences, and phases to

data recorded during the baseline and surveillance
program phases. Use the results of these comparisons
and other observations (see Nonmandatory Appendix
D of this Part) to indicate whether further data acquisition
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or analyses shall be undertaken. Establish the trend of
deviations, and use these results to define the frequency
of further data acquisition that will provide adequate indi-
cation of changes that are of sufficient magnitude to
warrant further action.

6.3 Data Acquisition, Reduction, and Evaluation

Contrast the NPSDs, NCPSDs, coherences, and phases to
data recorded during the baseline and surveillance
program phases llse the results of these comparisons

ASME OM-2020

D of this Part) to indicate whether further data acquisition
or analyses shall be undertaken. Establish the trend of
deviations, and use these results to define the frequency
of further data acquisition that will provide adequate indi-
cation of changes that are of sufficient magnitude to
warrant further action.

If the results of data evaluation indicate possible anom-
alous behavior, other than sources of diagnostic informa-
tion may be used (see Nonmandatory Appendix D of this
Part).

and other pbservations (see Nonmandatory Appendix
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Part 5, Nonmandatory Appendix A
Theoretical Basis

Usinf the simplifying assumpftion that changes in the
neutrop flux from core barrel motion are due only to
shieldfing (attenuation) effects, the relationship
betwedgn beam motion of the core support barrel and
the neytron noise signal can be derived from the following

shieldipg equation [1]:
X
&= e r
where
X q the shield thickness
¢4 9 the instantaneous detected neutron flux
¢, 9 the core source flux
%, 9 the effective neutron removal cross section
The defected neutron flux after a small motion AX relative
to the pressure vessel is then

&= ¢ T~ (XHAX)E,

The coj
is

responding fractional change in detected neuttons

¢dq; $a_ | (—AXZ,

or

1
T

Ag(w)
by

AX(w) =

r

The rms motion in a particularfrequency band is

1/2f
; {/ff [A(/}(w)]zdw}

AX e =0—%
rms Zr ¢d
or
1/2
1| rh
AXyps = — NPSD(w)dw
r1” 2
where
NPSD(w) = the normalized neutron noise power spec-

tral density (PSD) obtained by
noise voltage PSD by the sq

mean value voltage from the d
PSD(w)/¢ 3

dividing the
hare of the
etector (¢)

Power spectral density, so normalizqd, is used

which for small AXX becomes throughout this Part. Conversion of this pormalized
- value (units of fraction of noise) to anmplitude of
T =1 — (1)< AXZ,) motion (units of mils) is discussed in Nonmandatory
d Appendix F of this Part. For lateral motion 3t the beam
ZAXZr frequency, signals from cross-core detectprs will be
180 deg out-of-phase (maximum one side} minimum
so that opposite side) [2, 3]. Furthermore, these|cross-core
14— signals will have a high value of coherencp generally
AX = 3 ¢ between 0.5 and 1.0. Example signals for dne cycle of

’ d motion are shown in Figure A-1.
More complete reviews of the relationship between ex-

For dynamic measurements, [ ¢j — ¢;J Is the Instanta- § §

neous neutron noise voltage such that

AX(f) = —

%

Ag(t)
&
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core detector signals and internals motion appear else-

where [4, 5].

An overview of experience with excore monitoring of
core barrel motion also appears elsewhere [1, 6, 7].
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Data Reduction Techniques

The
eters ysed in baseline, surveillance, and diagnostic
programs to identify core barrel motion [8]. It should
be not¢d that all parameters are normalized to the oper-
ating power level (the DC value of the excore detector
signal)

B-1 N
(N

The
power
signal
functio
tion (a

DRMALIZED POWER SPECTRAL DENSITY
PSD)

normalized power spectral density (the auto-

spectral density or APSD divided by the DC
evel squared) is a decomposition of a stochastic
h into functions of frequency [Figure B-1, illustra-
]. It provides a measure of the signal power (mean
square|level) within discrete frequency bands over speci-
fied frgquency ranges. The sampling rate, sampling time,
and sample size are governed by the frequency range and
bandwi{dth.

B-2 N
S

The
neutro
barrel
tions d
change
ficienty
the nrnj
level, if

The }
NPSD 4

[ORMALIZED ROOT MEAN SQUARE OF/ THE
GNAL

hormalized root-mean-square (nrms) value of the
h noise signal is a measure of thesaniplitude of core
motion. However, it may includesystematic varia-
ue to changing plant conditions [e.g., burnup,
5 in Serr (delayed neutron fraction) reactivity coef-
and the like], which-car/contribute to a change in
s level. Since the ni'mslevel is normalized to the DC
is dimensionléss.

ms value of the)band f; to f, can be computed from
s follows:

%2 psp df

1

(nrms)2 =

0”0W11’1g IS a briel aeSCI‘lpElOI’l of various param- B-3 NORMALIZED ( RUSS-P‘,WER SPEI

DENSITY (NCPSD), COHERENCE) (C
PHASE (¢)

B-3.1 Normalized Cross-Power Spectra
(NCPSD)

The NCPSD (the cross-pawer spectral deng
divided by the productefthe DC level of the {
provides a descriptor.of commonality betweer]
detectors [Figure B-1, illustration (b)]. The a
NCPSD to discount noncoherent portions o

DIVISION 2, Part 5, Nonmandatory Appendix B

ITRAL
DH), AND

| Density

ity or CPSD
'wo signals)
two excore
bility of the
f the signal

better defines the region of motion, and when used in

conjunction with the coherence and phase, i
over the”’NPSD as a governing statistic for 4
caredarrel motion.

The rms value over frequency band f; t
computed as follows:
% xcpsp df
1

(nrms)? =

The NCPSD is expressed as the product of sig
per product of DC voltages per unit of freque

B-3.2 Coherence (COH) and Phase (¢)
Although the NCPSD is a measure of the ¢

s preferred
stablishing

D f> can be

hal voltages
ncy (1/Hz).

mmonality

between two variables, it is most convenient fo represent

the similar character in relative terms, relatiy
dividual signal NPSDs. This is done by calg
coherence functions. The coherence is def

re to the in-
ulating the
ned as the

ratio of the square of the magnitude of the NPSD to

the product of the individual NPSDs and

s bounded

between zero and one [Figure B-1, illustration (c)]. If

the coherence is one, the two signals are

said to be

fully coherent and, therefore, closely related

The corre-

The NPSD can be used to calculate that portion of the
total excore response related to core barrel motion.
Observed over an extended period of time, it provides
a sensitive measure of changes in motion.

The NPSD is expressed as signal voltage squared per DC
signal voltage squared per unit of frequency (1/Hz).

147

sponding phase data in this case are valid. Uncorrelated
signals will have coherences approaching zero, rendering
any phase data meaningless [Figure B-1, illustration (d)].
Coherence is dimensionless, while phase is expressed in
degrees.
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Figure B-1 Representative Spectra
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Data Acquisition and Reduction

DIVISION 2, Part 5, Nonmandatory Appendix C

C-11

Neutron noise measurements can be made with prompt
responfing neutron detectors such as those used for plant
monitoring and control. The output of these detectors is
commd@nly conditioned by direct coupled current-to-
voltage conversion equipment and linear amplifiers.
Neutrdn noise measurements remove the mean value
of the [signal and provide additional amplification of
the dyhamic component. The amplified neutron noise
signalscan be analyzed online and in real time or recorded
on magnetic tape for later processing.

lleRUMENTATION

C-2 SlGNAL CONDITIONING

Neuffron noise signals are typically very small magni-
tude compared to the mean value neutron flux and to
possibfle electrical noise interference. Precautions
should|be used to minimize electrical noise pickup and
to obtain adequate dynamic range in the frequency
band of interest.

(a) The noise floor of the signal conditioning equip-
ment ghould be at least 10 dB below the ‘expected
neutroh noise signals in the frequency band“of interest.

(b) Filters and input common mode rejection should be
used to|limit electrical interference and signals outside the
frequency band of interest to withifi the dynamic range of
the sighal-conditioning equipment.

(c) ignal-conditioning gains should be setso that noise
introdyiced by normal plant/operations (such as small
contro] rod motion) do“not overload the signal condi-
tioning equipment during data acquisition.

(d) Neutron neise signals derived from plant control
instrumentation, should be examined for evidence of
noise ihduged by plant-monitoring instrumentation.

(e)
any varta
tation in the frequency band of interest.

C-3 DATA ACQUISITION PARAMETERS

Data recording introduces instrumentation, noise, and
dynamic range limits on neutron noise signals. These
limitations should be recognized and appropriate
action taken to preserve adequate signal quality.

149

{aJ The noise foor of the reproduced sign
atleast 10 dB below the expected neutronmei
the frequency band of interest.

(b) The signal conditioning and\tape rec
controls should be adjusted se-that no sigi
the maximum tape recorder inputduring data

(c) The frequency respense of the datg
system in the frequency’band of interest sho
fied.

(d) Digital recording systems should hav
amplitude resolition and input filters to reduc
sion noise and aliased signal components to af
below the expected neutron noise signal in th
band of interest.

C=4-PLANT CONDITIONS FOR DATA AC{

1 should be
be signals in

brder input
nals exceed
acquisition.

recording
uld be veri-

e sufficient
b all conver-
least 10 dB
e frequency

DUISITION

Plant operating parameters and changes in these pa-

rameters contribute to the interpretation
noise signals. These should be measured a
the beginning and end of each neutron noise d
tion.

(a) Plant parameter changes are a potenti
neutron noise. The measurement of vibrat
neutron noise should be done as close to g
plant conditions as possible to minimize
sources.

(b) Primary plant parameters should be lo
of each neutron noise measurement. Param
documented during data acquisition are list]
C-1.

C-5 DATA REDUCTION PARAMETERS

Data reduction can introduce noise and

of neutron
nd noted at
ata acquisi-

al source of
ion-related
teady-state
ther noise

roed as part

eters to be
ed in Table

statistical

uncertainty into neutron noise data. Thes

analysis.

e potential
ed in data

(a) The noise floor of the data reduction methods

should be at least 10 dB below the expected neutron
noise signals in the frequency band of interest.

(b) Digital analysis systems should have sufficientreso-
lution and input filtering to reduce all aliased signal
components to at least 10 dB below the expected
neutron noise signals in the frequency band of interest.

(c) All neutron noise measurements should be normal-
ized as a fraction of the mean value of the detector signal.
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Table C-1 Parameters to Be Documented During Data Acquisition

All Data Plant name and unit number

Date and time of data acquisition

Plant conditions: power level, coolant flow rates, number of pumps operating, soluble boron concentration, fuel
burnup (EFPD), fuel cycle number, system pressure, pressurizer level, control rod positions, and hot-leg and cold-leg
temperatures for each loop

Names of persons performing data acquisition

Identification of signals

Description of sensors including manufacturer, model number, serial number, and calibration data

Description of signal conditioning equipment

Gains of all devices between point of dc measurement and output of tape recorder or input to spectrum analyzer

DCVvoltages at Mput 0 SIgmat COMAITIoNIE eqUIpITENT

Frequency cutoffs of filters

Tape Recoxdings Description of tape recorder
Tape number or identifier
Recording format

Starting and stopping tape footages

Tape speed

On-Line Analysis Anti-aliasing filter settings
Sampling rate

Analysis window type
Sample block size
Frequency resolution
Amount of data overlap
Units of results
Description of analyzer
Gain of analyzer front end

Type of calibration signals recorded (should be recorded on each tape) and footages

(d) Thelfrequency resolution of spectral density
measurements should be at least 1% of the highest calcu-
lated frequency.

(e) The data record length for rms measurements and
power spedtral density measurements should\provide a
minimum of 100 ensemble averages withgutdata overlap
(see section C-9).

(f) Relevlant plant conditions and data reduction pa-
rameters should be indicated oh peduced data. These
include sigral identification, reaetor power, measurement
data, analy$is bandwidth, and-data length.

C-6 SIGNAL BUFEERING

Itis prefdrablethatthe signals to be used for analysis be
routed to ajcormon panel. These signals should be fully
buffered any isolated prior to common routing. The buffer

(a) Plant signals should be verified and permanently
attached by acceptable methods to the data acquisi-
tion/processing system. Otherwise, connections must
be verified at each measurement.

(b) Data acquisition should be performed accoiding to
a written procedure.

(c) Documentation of the data should include those pa-
rameters listed in Table C-1.

(d) Reduction of neutron noise data and display of
analysis results should be performed in a confsistent
manner to facilitate comparison of the results oyer the
lifetime of the plant.

C-8 DATA RETENTION

Baseline and surveillance data should be retaingd over
the lifetime of the plant.

circuitry shall not induce noise that would neither cause
the noise floor to be greater than 10 dB below the expected
neutron noise signal nor degrade the frequency band of
interest. The isolation should be adequate to ensure thata
short circuit at the connection point will not adversely
affect plant operation.

C-7 DATA ASSURANCE

Methods and procedures should be used to ensure the
quality of the neutron noise data.

C-9 STATISTICAL UNCERTAINTIES IN NEUTRON
NOISE DATA ANALYSIS

Definitions of noise descriptors (auto- or cross-correla-
tion, PSD, CPSD, phase, and coherence) for random data
involve limiting conditions that cannot be carried out in
practice (i.e., analysis of an infinite number of time records
or a time record of infinite time span). The inability to
perform these operations under practical conditions
leads to statistical errors in the analysis. These statistical


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

errors are expressed as “random error” or residual uncer-
tainty variance. In addition, some estimates may also be
biased error.

Bias errors are usually associated with measurements
ofthe amplitude of a resonance in the frequency spectrum.
The bias error formulas for the PSD and CPSD magnitude
are [9]

DIVISION 2, Part 5, Nonmandatory Appendix C

UCPSD/CPSD = l/\/and (C-4)
where o is the standard deviation and pgp and cpgp are
the mean values of the PSD or CPSD. For PSDs, this indi-
cates that a single frequency estimate will have an uncer-
tainty of #+30% at the 99% confidence (3 standard

deviation) level for 100 ensemble averages.

—1/3(Af/Br)2 (C-1) The statistical error for the coherence [10]
~2 5 2
where ’\fic the nnn]ycic Frnr}nnnrv resolution and R‘ isthe. 2Y (1 — ‘: \ (C-5)
true (4Unbiased) half-power bandwidth of a resonance. nq k )
This foymula does not hold for small numbers of ensemble
averaggs and low coherences. The negative sign indicates ~ and for the CPSD [eq. (C-4)] depends op’both fhe number
that th¢ bias errors resultin estimated amplitudes thatare ~ of ensemble averages and the coherence. For low coher-
lower than the true value. Bias errors can be reduced by ~ ence, alarge number of ensemble averages are needed to
using { finer frequency resolution in the analysis. meet a given statistical errof,
Bias |errors associated with coherence (¥?) follow the Experience in reactor noiseé analysis indi¢ates that a
followipg formula: minimum of 100 ensemble averages (without overlap)
) 1 5 should be performed{in estimating noise parameters
Y —y?= —(1 - YZ) (C-2) and their statistics.Overlap processing can yield improved
hd statistics for afixed amount of data, but thp minimum
5 number of ayerages without overlap should| be at least
where g 1S the number of ensemble averages, Y is the 100 (e.g_’ 100 nonoverlapping averages y]elds 200
true coherence, and ;2 is the estimated coherence. This ~ averagesrwith 50% overlap). Some analyzers invoke
formulation indicates thatif the true coherence is zero, the overlap processing automatically. In th(-ESE cases, the
. . . amount of overlap should be determingd and the
estimated coherence will be 1 for a 1 block average. Bias .
. number of averages adjusted upward [to meet a
errors|in the coherence are therefore reduced by . L !
. ' desired statistical confidence level.
increading the number of ensemble averages. i : .
ds . . While these formulas serve as guides, the actual statis-
Statigtical errors in the PSD are given by . ) ;
tical behavior of data from a particular reactdr should be
opsp/PSD = 1/ Jng (C-3)  verified by the noise analyst.
and in [the CPSD by
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Data Evaluation

The variqus methods of reducing the data are of use only
when subjeft to proper interpretation. This interpretation
involves an| evaluation of the data in conjunction with a
knowledge| of parameters (i.e., frequencies and mode
shapes) related to core barrel motion. Equally important
is an underptanding of how a variety of neutronic effects
can influenfe these data.

Experienfe has shown that the neutronic effects can be
of the samelmagnitude as the vibration effects, which can
lead to misipterpretations of the data. Careful examination
of all data i$ required to separate out any effects that are
not due to yibration from the neutron noise information.

The follgwing is a listing of the information on core
barrel motjon and other types of noise effects that can
be obtained from an evaluation of the spectral analysis
data during each phase of the program.

D-1 BASELINE

D-1.1 Nor

Baseline
band frequ
and centey

malized Root Mean Square (nrms) Value

nrms values in both narrowband and wide-
ency ranges or the narrowband nrnds yalue

frequencies of core barrel beam motion
may be usg¢d as a basis for comparing values obtained
during the|surveillance phase. Experiehnce has shown
that baselije nrms values can change from refueling to
refueling and with changes in core\parameters such as
burnup and|boron concentration-Thus, it may be desirable
to reevaluafe baseline nrms yalu€s more frequently than
the minimym schedule given'in para. 4.2.

To establish the narr@wband rms baseline values, the
center freqpency of the core barrel beam mode must be
identified af described in para. 4.3. A frequency range of
approximatfely &25% of the center frequency is used to
bound the harrowband region as shown in Figure D-1,

onents
Es-core
hl core
alue in
burnup
These

The detector nrms signal levels will include comp
that are essentially uncorrelated betweenrcro
detectors and, therefore, are not due to\later
support barrel motion. Furthermore, the n"rms v
the low frequency band can increase with core
because of low frequency neutronic effects.
effects reduce the ability to distinguish core|barrel
motion changes from neutronic effects and fequire
that the trend with burnup b€ considered in estallishing
values representing significant changes in the mgasured
data.

Experience has‘shown that, in a number of rea
wideband (0 Hz'to 25 Hz) nrms value will increase
with operating time, measured in burnup 2
decreasing“boron content. This is because nefitronic
effects(related to thermal noise and/or fuel motion
tend\ t0 increase with burnup and dominate the true
beam motion portion of the signal. Thus, wideband
nrms values versus burnup should display ajlinear
trend (Figure D-2) [11]. Significant changes fr¢m this
trend would warrant a diagnostic phase investigation
of the signal.

ctors, a
inearly
nd/or

NPSD)

contri-
ise. As

D-1.2 Normalized Power Spectral Density (|

The NPSD of an excore detector signal contains
butions due to actual motion and extraneous n
such, while its frequency spectra may be a good indicator
of the frequency of motion, its amplitude will be| higher
than that due to the motion. Recognizing this limfitation,
the NPSD signal of each detector may be reviewed|to note
the following within the frequency range of cordg barrel
motion:

(a) changes in amplitude

(b) shifts in frequency of the maximum amplifude

Assignificant change (increase or decrease) in amplitude

illustration (aJ. Adjacent peaks may be omitted from
the narrowband region as shown in Figure D-1, illustra-
tion (b). These methods may be used to define the narrow-
band rms baseline value for either a continuous or
periodic monitoring system.

Small changes may be found in the amplitude and/or
center frequency, as shown in Figure D-1, illustration (c),
when baselines are taken. Significant changes, however,
may indicate improper core barrel preload or other struc-
tural concerns that should be diagnosed.

152

OT fTeqUeTTy, OT botiT, Tay be fmdicative of Thamnges in core
barrel motion.

NPSDs will indicate the predominant core barrel
frequency as a function of detector location. This may
shift slightly from baseline to baseline due to changes
in barrel position after refueling, broadening, or
narrowing of the peak due to changing neutronic
effects (e.g., fuelloading pattern, boron or burnup related).
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Figure D-1 Narrowband rms

DIVISION 2, Part 5, Nonmandatory Appendix D

These relationships are based on core barrel beam
mode vibration being the predominant contributor.

Coggaﬁrxéde Recent experience has shown that higher order fuel
A center frequency assembly vibrations and effects from fuel management
\ changes can cause the phase and coherence relationships
2 | to be quite different even though no structural changes
&5 have occurred [12]. These data need to be carefully eval-
< uated along with the NPSDs to verify core barrel motion.
[a) +25% . C e .
o Bandwidth | Baseline NCPSDs are the best indication of frequency
z ranges for the subsequent surveillance phase rms
measurements. The absence of a dominant peak within
; Frequency the expected core barrel frequency range; in-gombination
¢ with an order of magnitude greater in lew/frequency (0 Hz
(a) Narrowband rms Region to 5 Hz) noise amplitude as compated‘Wwith the expected
. amplitudes, should be taken ascansindication| of possible
Omit adjacent . . .
k loss in core barrel axial restraint.
~ peaks /\
a
o \/\_/\‘v [ D-2 SURVEILLANCE PHASE
o
z
5 +25% D-2.1 Root Mean-Square
o —20%
z Bandwidth ! Root-mean<square values are to be calculatied from the
NCPSD fun€tions in the manner shown by Nopmandatory
- Appendix'B of this Part and compared witH the values
fe requency determined from the baseline measurementgy. Any unex-
B ) pected deviation from known trends should instigate a
(b) Modified Narrowband rms Region diagnostic phase investigation.
— Small frequency or D-2.2 Normalized Cross-Power Spectral Density
New data\/>\’\\ amplitude change (NCPSD)
/]
a \/\_/ ’ | \\ Earlierdata NCPSD values shall be generated for two palirs of cross-
a \(/ core detectors during this phase and evaluategl for magni-
z \ tude and frequency changes in the core barrel motion
@ +25% frequency range. Any unexpected devidtion from
z Bandwidth ! known trends should instigate a diagnostic ghase inves-
shifted tigation.
f; Frequency D-2.3 Coherence (COH) and Phase (¢)

(c) Narrowband.rms Redefined Data shall be obtained so that COH and ¢ plots can be
generated, if needed, for two pairs of digmetrically
opposed detectors. Review of these data and fomparison
with corresponding data obtained in the bageline phase

D-1.3 |Normalized Cross-Power Spectral Densit_y may provide additional information on core harrel beha-
(NCPSD), Coherence (COH), and Phase (¢)  Vior.
The &

effects of detector, or other noise sources, makes it, in
conjunction with COH and ¢, the most reliable indicator
of core barrel motion. Investigations have shown that core
barrel motion often follows a preferred (though random)
path, resulting in the following COH and ¢ results:

Detector Pairs COH Phase, ¢
High (0.5 to 1.0) Out-of-phase (~180 deg)

Adjacent, 90 deg apart Low (~0.2)

Cross-core

Data not reliable

153

D-3.1 Normalized Root Mean Square (nrms)

(a) The nrms value, as computed from the NPSD and
NCPSD, can be used as a check on values obtained during
the surveillance program.

(b) The most accurate assessment of the amplitude of
CSB motion can be obtained from a narrowband ( 25% of
the core barrel frequency) calculation of the rms value
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Figure D-2 Example of Wideband rms Amplitude Versus Boron Concentration

Normal operation

0.0010 |— o) A _
O O
&
z O 0O
0.0005 1 detector pair  Symbol O
AXxC O

BxD O

1 2
End of

fuel cycle

based on the NCPSD of two diametrically opposite detec-
tors.

(c) Whilg¢ the nrms value is an easily obtained param-
eter, its value alone is not an adequate measure .of.the
amplitude ¢f core barrel motion. Additional information
on predominant frequency of the motion, based'on cross-
core cohergnce and phase information, isrequired for a
complete agsessment of the motion. These-latter param-
eters can bg obtained, in part from,the-NPSD and com-
pletely from the NCPSD.

D-3.2 Normalized Power Spectral Density (NPSD)

When compared with baseline values for that fuel cycle,
NPSDs gengrally show.an-increase in amplitude with fuel
burnup at lpwer frequencies (to approximately 0 Hz to 5
Hz) due to Eeutronic effects. This increase, depending on

the core bafrel frequency, may result in a broadening of

Stiart of

Boron ( X 102 ppm) fud| cycle

{a) Note changes in coherence, in both magnituyde and
frequency of the maximum value, within the fregquency
range of core barrel motion. A change in frequency
range of the coherence may be indicative of a change
in frequency of core barrel motion. A change in amplitude
may be indicative of a change in axes of motion.

(b) Note changes in phase within the same frequency
range. A change in phase may be indicative of a change in
axes of motion.

(c) Note changes in peak amplitude and frequency of
this peak, both within and below this frequency [range.

(d) Note changes in band-limited nrms amplifude in
both core barrel frequency range and below thig range.

A change in amplitude, frequency, and rms valuejmay be
indicative of a change in characteristics of corg barrel
motion (e.g., an increase in frequency may be due to a
fixed end condition at one of the mechanical snjibbers,
while a decrease may be due to a lessening|of the

the core sulbport barrel motion-related rr\nnl(

D-3.3 Normalized Cross-Power Spectral Density
(NCPSD), Coherence (COH), and Phase (¢)

The NCPSD, COH, and ¢ can be used in the diagnostic
program to best ascertain the nature of the motion and
determine if changes in wideband or band-limited rms
values from the surveillance program are related to
changes in CSB motion. This would be done as follows:

fixed end condition at the barrel-vessel flange interface).
The latter may be due to a change in axial restraint,
abnormal wear, or both.

D-3.4 Additional Sources of Information

To support the diagnostic phase of the program, other
sources of information may be used, such as the following:

(a) loose parts accelerometers

(b) in-core detector noise

(c) loose parts monitoring system results
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(d) core power distribution monitoring (tilts, axial flux (g) plant operating history
changes, power peaking) (h) results from the Comprehensive Vibration Assess-
(e) primary pressure, temperature, flow distribution ment Program for Reactor Internals During Pre-Opera-

(f) structural analysis of internal structures and tional and Initial Startup Testing (Regulatory Guide 1.20)
boundary condition effects on frequencies and mode
shapes

155
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Part 5, Nonmandatory Appendix E
Guidelines for Evaluating Baseline Signal Deviations

Typical ex-core neutron noise signatures for six pres-
surized wafer reactors are shown in Figure E-1 with the
correspondjing range in power spectral density shown in
Figure E-2 [|7, 13]. Changes in the neutron noise signature
over a fuel|cycle, including refueling, are shown for one
re E-3 [7]. For comparison, a neutron noise
spectrum fijom a plant with a loss of axial preload on the
core suppoft barrel flange is shown in Figure E-4 [14].
These figurps illustrate the range in neutron noise signa-
ture amplithde and frequency content between different
plants and|the major change in the shape of the core
support bafrel resonance frequency response region of
the spectriim and a major increase in low frequency
neutron ngise associated with complete loss of axial
clamping.|Additional information on loss of axial
preload obtpined from reduced scale model tests is avail-
able [15].

Decrease
decreases
frequency
beam mode

5 in axial clamping force are expected to lead to
in the core support barrel beam mode
and to increases in the magnitude of the
response. Criteria for entering the diagnostic

phase should be based on a combined Increase jin core
barrel resonance response rms amplitude and)a-simulta-
neous decrease in the core barrel beam modé Tegonance
frequency, or a complete loss of the coretbarfel regonance
frequency combined with a largetincrease [in low
frequency neutron noise.

Operating experience indicatés that allowances
made for increases in the neutron noise level as a fi
of core burnup and/or decréasing boron concentrd
well as for changes in fuehmanagement and in cor
contact with the reattor vessel mechanical snubb
can affect the neutron noise signatures in som
designs. These“allowances will improve the ab
detect loss efaxial clamping before the core
becomes completely free and capable of wear
the reactor vessel and will reduce the number o
that thé diagnostic phase must be entered. The ca
tordevelop these allowances on a plant-specific
provided by the baseline and surveillance pha
acquisition requirements.

ustbe
nction
tion, as
b barrel
brs that
e plant
ility to
barrel
hgainst
f times
bability
basis is
te data
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Figure E-1 Typical Ex-Core Neutron Noise Signatures From Six PWRs
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Figure E-2 Typical Baseline NPSD Range
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Figure E-3 Examples of Changes in the Neutron Noise Signature Over a Fuel Cycle
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Figure E-4 Example of Loss of Axial Restraint

100

1071

Plant with
adequate preload

IVARTA

1073 |-

AGRE a1
~or D;

Plant with loss
of preload

1074 |-

1075 |-

Frequency, Hz

160


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

Part 5, Nonmandatory Appendix F
Correlation of rms Amplitude of the Ex-Core Signal (Percent
Noise) and Amplitude of Core Barrel Motion

DIVISION 2, Part 5, Nonmandatory Appendix F

To ¢
expres
randorj

pnvert amplitude of the neutron noise signal,
sed as fraction of noise (rms value of the
h signal divided by the average or DC value of

the sigal at the same operating conditions), to amplitude

of core
factor

This m
means
the ran

barrel motion, expressed in units of length, a scale
1/length) relating these quantities must be found.
ay be done by experimental and/or theoretical
for the specific reactor design. Table F-1 lists
ge found in the referenced literature.

The values presented in Table F-1 dre, derfived on the
assumption that ex-core neutron noise resulting from core
barrel motion is due only to neutron shielding (attenua-

tion) effects. Experience in monitoring ex-c
noise has shown that additienal noise so
fuel motion, burnup, seluble boron, and

re neutron
urces (e.g.,
moderator

density changes) may-be significant [17]. If these
effects can be accounted for, the factors in Table F-1

may be used to’ estimate the amplitude of
motion for a<Specific reactor design.

Table F-1 Ratio‘of the Amplitude of the Neutron Noise to Core Barrel Motion

core barrel

Value, 1/mil (1/mm)

Comments

0.0003
0.0003
0.0004

0.00021

(0.015) [2]
(0.012) [16]
+ 0.000064 (0,0485% 0.00661) [17]

/0.00015,max. (0.0098,/0.0059) [18]

Measured; based on change of neutron flux with tempe
Calculated; one-dimensional transport model

Measurements based on ex-core detector and core barrel a|
transfer function

Maximum calculated by two-dimensional transport mode
at shield surface); factor is a function of angle between a
and detector location

rature

ccelerometer

(into shield/
Kkes of motion
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Part 7
Thermal Expansion Testing of Nuclear
Power Plant Piping Systems

1 SCOPE

This|Part provides guidance for preservice and inser-
vice tepting to assess the thermal expansion of certain
piping|systems used in water-cooled reactor nuclear
power [plants.

The piping covered is that required to perform a specific
functiop in shutting down a reactor to the safe shutdown
conditipn, in maintaining the safe shutdown condition, or
in mitigating the consequences of an accident.

This|Part establishes test methods, test intervals, pa-
rametgrs to be measured and evaluated, acceptance
criterid, corrective actions, and records requirements.

2 DEHINITIONS

The following list of definitions is provided to ensure a
uniforrh understanding of selected terms used in this Part:

acceptdble limits: specified range of numerical values-of
pipe regponse that satisfy acceptance criteria. An-accept-
able lirhit is usually expressed as the expected analytical
responge with an allowable range or tolerance.

ASME B31: ASME Code for Pressure Riping.
BPVC: ASME Boiler and Pressure Vessel Code.

commefcial operation: plant operation after completion of
start-up testing.

design pasis temperature; maximum temperature defined
in the flesign basis thermal expansion analysis.

Design| Specification? the document provided by the
Owner} as required by NCA-3250 or NA-3250 of the
ASME BPVC;:Section III, for the component/system,
which [centains requirements to provide a complete
basis for_the construction of the rnmpnnpnf/cyc’rpm

inaccessible piping: piping systems or portionhsjthereof that
are not accessible to personnel. The inaccessilility may be
the result of adverse environmentalconditionp during the
test, location of the piping, or mechanical of structural
encasement.

initial start-up testing: test activity performed during or
following initial fuel loading but prior to gommercial
operation. These activities include fuel loading, precritical
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.

nermidl operating conditions: the service conpditions 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).

Owner: the organization legally respolnsible for
constructing and/or operating a nuclear facilify including,
butnotlimited to, one who has applied for or who has been
granted a construction permit or operating ligense by the
regulatory authority having lawful jurisdictign.

peripheral equipment: device(s) used in|[the setup,
checkout, or on-site calibration of the othler thermal
expansion monitoring system (TEMS) devicgs.

physical units: the engineering units that quiantitatively
represent the measured variable (e.g., if th¢ measured
variable is displacement, the physical ugits can be
inches, mils, meters, etc.).

piping system: an assembly of piping subass¢mblies and

design verification: the process of reviewing, confirming,
or substantiating a design by one or more methods to
provide assurance that the design meets the specified
design input.

discrepant response: thermal expansion response that falls
outside acceptable limits.

hot shimming: the process of adjusting support and
restraint clearances in the hot condition.

components and their supports whose limits and func-
tions are defined in its Design Specification.

preoperational testing: test activities performed on piping
systems prior to initial fuel loading.

processing equipment: device(s) used for further handling,
reformatting, or manipulation of the transducer output to
reduce it to manageable or intelligible information.

recording and display equipment: recording equipment
devices are used for storing signals in a form capable
of subsequent reproduction; display equipment devices

(20)
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are used to obtain a visual representation of a signal
(conditioned and/or processed transducer output).

signal conditioner: device(s) used to modify or reformat
the transducer output to make it intelligible to or compa-
tible with processing equipment.

TEMS specification: a document that uniquely describes
the thermal expansion measurement system.

test conditions: the conditions experienced by the system
when undergoing tests.

ASME OM-2020

construction completion that affect thermal expansion
testing shall be evaluated and documented.

The walkdown shall also verify that the anticipated
piping movement is not obstructed by objects not
designed to restrain the motion of the system (including
instrumentation and branch lines). The system walkdown
program shall verify that supports are set in accordance
with the design.

(c) Selection of the locations and the types of measure-
ments to be made shall be consistent with the acceptance

test hold po
ciated with|
informatio
reactor at )

ints: events in the test program usually asso-
system operating conditions, for which test
h is to be collected; for example, with the
(% power or with the system at full flow.

test specific
or his desig
section 3.

ition: the document(s) prepared by the Owner
nee that meet the requirements set forth in

thermal exp
strumentat]
record the

ansion measurement system (TEMS): the in-
on or test equipment used to measure and
thermal expansion data.

transducer:ja device that converts the piping response into
an optical, mechanical, or, typically, an electrical signal,
which is pfroportional to a parameter of the piping
response.

3 GENERAL REQUIREMENTS

The Own
piping syst
during pre
Owner sha
that woul
testing and

The prin
program o
piping syst
heatup an
cooled dov
limits shall
in para. 3.2

The secopdary objective of the test program shall be to
verify that the component standard supports (including
spring hanger, sfiubber, and strut) can accommodate the

expansion df thé.pipe within the range of the component’s
Capablhty forall cpprifipr‘l modes of operation

br shall determine and document the scope of
ems to be monitored for thermal expansion
bperational and initial start-up testing. The
| also determine the monitoring technigues
I satisfy the minimum requirements for
acceptance criteria outlined in_this Part.

ary objective of the thermal/&xpansion test
a piping system shall be fo wverify that the
em expands within acceptable limits during
| returns to an acceptable position when
n without adverse, constraint. Acceptable
be established-using the provisions stated

criteria and shall reflect any unique operational fharac-
teristics of the system being tested.

(d) When test results are to be correlated to
analyses, test conditions and measurements s
specified in sufficient detail to ensurethat the parg
and assumptions used in the analyses-are consiste
those in the test. The correlation between testand 3
shall confirm the validity of_the analysis.

bpecific
hall be
meters
nt with
nalysis

3.1 Specific Requirenients

Minimum requirerments for thermal expansion
of accessible, inaccessible, and small pipe (branc
are outlined below.

testing
h lines)

3.1.1 Test Specification

(a)*The thermal expansion design basis of the
shall'be addressed in the development of test speci
requirements, selection of instrumentation, est
ment of acceptance criteria and acceptable lim
for review, evaluation, and approval of test resu

(b) The test specification shall include, as a mil
the following:

(1) test objectives

(2) systems to be tested (including boundaf

(3) pretest requirements or conditions

(4) governing documents and drawings

(5) precautions

(6) quality control and assurance (inc
required documentation and sign-offs)

(7) acceptance criteria

(8) test conditions and hold points

(9) measurements to be made and acceptabl
(including visual observations)

(10) types of instruments to be used and mi
instrument specifications

system
fication
ablish-
ts, and
ts.

himum,

ies)

luding

e limits

nimum

Other general requirements are as follows:

(a) A test specification for monitoring of thermal
expansion of piping systems shall be prepared.

(b) Prior to testing of a piping system, a pretest walk-
down shall be performed to ensure that construction is
sufficiently complete for thermal expansion testing.
The testing program and system completion requirements
shall be consistent with the applicable construction code
rules (e.g., ASME BPVC, Section III). Any exceptions to the

164

(11 data randiingand Storage
(12) system restoration

(c) Thetestspecification shall be writteninamanner so
as to ensure that the objectives of the test as outlined in
section 3 are satisfied.

(d) The locations selected for monitoring piping
response shall be reflective of the maximum expected
responses from the thermal expansion analysis. Locations
with large expected movements should be monitored
since these are convenient locations to look for general
conformance of system response to analytic predictions.
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Evidence of the following shall also be evaluated in the
tests:

(1) higher or lower than expected movements at the
end of the first run(s) of pipe attached to component
nozzles that may cause problems in stiff portions of
the system that are sensitive to the thermally induced
loads (e.g., rotating equipment, thin wall vessels, heat
exchangers).

(2) zero or out-of-range movement of the pipe at
hanger or snubber locations; snubbers and variable

DIVISION 2, Part 7

3.1.2 Accessible and Inaccessible Piping

(a) Accessible piping shall be walked down at the speci-
fied testhold points to ensure that the objectives of the test
are satisfied. Visual examination and measurements
during walkdown using simple devices, including
spring and snubber scales, are acceptable, unless the
test specification requires more sophisticated measure-
ment methods for greater accuracy.

(b) In the case of inaccessible piping, sufficient remote

. - - - - instrumentation.shall be used tomeet the test Ob]'ectives_
spring hangers provide convenient devices for measuring
thermal displacements. 3.2 Acceptance Criteria
(3) higher or lower than expected movement of the
pipe adjacent to a structure requiring a controlled gap, e.g., When the test temperature is other than|the design
at pipe] whip restraints. basis temperature of the piping,‘the acceptable limits
(4) discrepant piping responses (e.g., movements, shall be adjusted for the test temperature {n checking
stress, supportloads, resulting from thermal stratification compliance with the acceéptance criteria. Acceptance
or thermnal transients); Nonmandatory Appendix B of this ~ criteria for thermal expansion of the piping|system are

Part pr
ificatio

(e) 1
test ho

bvides descriptions and examples of thermal strat-
h and thermal transients.

he response of the system shall be checked at the
d points defined in the test specification to verify
that thp system is responding as expected.

(f) Actual pipe wall temperature shall be included in the
evaluatlion of test results. Pipe wall temperature shall be
measufed at various points along the piping system to
ensure| that the system has attained the required test
temperature. Equipment movements and nonuniform
temperature distribution of system (e.g., branch piping
with cdld legs, thermal stratification, and thermal trahnsi-
ents infapplicable lines) shall be assessed prior to\recon-
ciliatioh or prior to extrapolation (scaling) of résults from
a test ¢ondition to other operating temperature modes.

(g) ¥or selected components in eachisystem, spring
travel ind snubber movement shall’be monitored and
compared with acceptable limits. The number of moni-
tored fomponents shall be sufficient to define the
responke of systems.

(h) The maximum test témperature shall be as close as
practicpble to the maximum operating temperature of the
system| The thermalreXpansion test shall be conducted in
such a|way that.the’response to the test conditions
adequdtely représents the response to thermal modes
of opefation“of the system.

(i) Small’pipe (branch line) shall be checked in the vici-

nity of ltsconnection-tolarge pine gr eguipmenttoensure.
IS o) o e D o

as follows:

(a) The pipe shall\move freely, except at the locations
where supports/restraints are designed to r¢strain pipe
thermal moyement.

(b) Thermal movement of pipe at the loc
spring hangers and snubbers shall be within
able travel range.

(c)"The thermal movement of the pipe af
lected measurement locations shall be within
able limits specified, or discrepant respon
reconciled in accordance with section 4.
limits of thermal response shall be est3
ensure that applicable code allowable stresse and allow-
able equipment and nozzle reactions are not exceeded.
Acceptable limits of thermal response shall be based
on the following:

(1) design basis thermal expansion ana

(2) test temperature

(3) variations between actual system ch4
and analytical assumptions (such as support]
ment flexibility, gaps, and friction)

tions of all
their allow-

the prese-
the accept-
se shall be
Acceptable
blished to

ysis

racteristics
and equip-

4 RECONCILIATION METHODS

Discrepant responses that are detected dul
shall be reconciled and/or corrective acti
implemented (see section 5) prior to acceptance of the
test results. Reconciliation of the discrepant responses

ring testing
bn shall be

that sufficient clearance and flexibility exists to accommo-
date thermal movements of the large pipe or equipment.

(j) When the design requires hot shimming, the need
for performing an additional heat-up and cooldown cycle
subsequent to the hot shimming to ensure correct system
response shall be evaluated.

165

shall demonstrate that the requirements of section 3
have been met.

The discrepant responses shall be evaluated and docu-
mented in conjunction with the results of the design basis
thermal expansion analysis. The analysis input parameter
and assumptions shall be checked against actual system
characteristics, such as

(a) actual test temperature variation along or around
the pipe versus the temperature used in determining ac-
ceptable limits
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(b) actual movement of equipment nozzles (including
rotation) versus that used in the analysis

(c) binding of the pipe or spring hanger pins not pulled

If the discrepant responses cannot be reconciled, then
corrective action shall be performed as detailed in section
5. Figure 1 depicts the steps involved in reconciliation and
corrective action.

This paragraph provides acceptable methods for the
reconciliation of discrepant responses. Other methods
may be used provided they conservatively predict pipe

ASME OM-2020

The simplified beam or computer models discussed in
this paragraph are intended to result in conservative
predictions of stresses and support and equipment load-
ings. Reconciliation Method 3 may be used to reduce
conservatism inherent in these models.

4.3 Reconciliation Method 3

This method requires a detailed assessment of the
discrepant responses. This is accomplished through the
use of detajled testing and/or analysis The ohjective is

stresses anfl component reactions.

4.1 Reconciliation Method 1

Reconc:JTation of discrepant responses using this
method is pased on experience and documented engi-
neering juflgment. If more detailed assessments are
required, Reconciliation Method 2 or 3 should be used.
The basis fqr determining if the responses are acceptable
shall be copsistent with the requirements of para. 3.2.

The judgment of acceptability can be made only by
evaluation|and documentation of the following items
as to their pffect on piping stress and component reac-
tions:

(a) applicability of assumptions made in the design
basis thermal expansion analysis

(b) location and magnitude of thermal expansion
stresses predicted by design basis analysis

(c) locatjon and magnitude of discrepant responses

(d) proxjmity to sensitive equipment

(e) bran¢h connection behavior

(f) capaHility of associated component supports

(g) uniqlie system operational characteristics

(h) advefse impacts on adjacent systems, structures, or

componentp

4.2 Recorciliation Method 2

This method assesses the acceptability of the discrepant
responses ia simplified modelsofithe affected segment of
piping. The|segment of piping.affected by the discrepant
responses may be modeled{using appropriate simplified
beam analogies. Simplifiedbeam models are readily avail-
able in puplic literature. Alternatively, a simplified
computer

to obtain additional data to determine a moré afcurate
and less conservative representation of the sygtem. If
the results of the detailed testing and/or dnalysis §lemon-
strate that the system response is within the requirpments
of para. 3.2, then the response is acceptable.
Detailed analysis may involve’ incorporation
actual measured responsevof the system in
design basis analytic model to.obtain forces and s

of the
to the
[resses.

5 CORRECTIVE ACTION

When the discfepant responses cannot be rec
corrective action shall be implemented prior to
tance of the'test. The objective of corrective a
to identify and eliminate the cause of the disg
responses or to mitigate their effects.

Possible corrective actions typically fall iy
following categories:

(a) Eliminate Interference. Interference can resylt from
thermal expansion displacements exceeding thg clear-
ances between the pipe and pipe supports, buildinf struc-
tures or other surrounding structures, or equipment.
Eliminating the interference involves complete or
partial removal of the interfering structure.

(b) Modify Support System. Support malfunction
quate support operating ranges, or improper cold s
can result in the support interfering with the pipe
sion. Corrective action involves replacing or read
the supports. Supports may be replaced with supj
different operating ranges, supports of different types (for
example, replace rigid with snubber), or supports with
different flexibility characteristics. Additionally, sipports
may be eliminated to increase the system flexibjlity, or

nciled,
accep-
tion is
repant

to the

inade-
ettings
expan-
justing
ports of

odel«of'the affected piping segment may be supports may be added to redirect the system expansion
used to assess ‘the effects of the discrepant responses. movement.
The objegtive of the model used is to obtain a conser- {c)—Modifi Pipe Routing-Gorrective actionmayinvolve

vative quantitative evaluation of the thermal expansion
effects. One simplified model may be required to conser-
vatively predict pipe stress, but a different simplified
model(s) may be required to conservatively predict
support loads or component reactions. The acceptability
of the evaluation shall be based on the criteria delineated
in para. 3.2.

The provisions specified in para. 4.1 are also applicable
to Reconciliation Method 2.
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rerouting the piping to avoid obstructions, to redirect the
expansion movement, or to increase flexibility through the
addition of expansion loops.

(d) Modify Operating Procedures. Corrective action
may involve modifying operating procedures, such as
avoiding unnecessary injection of hot fluids into
certain piping systems.

After corrective action is implemented, and if the
corrective action can affect the thermal expansion
response of the system, then additional testing shall be


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

Figure 1 System Heatup, Reconciliation, and Corrective Action

Begin system

Monitor system at
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heatup predetermined hold points
Response
No outside
gcceptable
limits?
Reconcile
discrepant
response

Analysis input parameter

and
assumption check

Method 1 i Method 2 I Method 3
Judgment and | Simplified Detailed analysis
experience | analysis I and/or testing
Is

diserepancy
aceeptable?

Yes

No

Implement
corrective
action

l

Retesting
required?

No

Complete heatup

and

document results

Yes
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Figure 2 Typical Components of a TEMS

Data processing,
Transducer Signal display, and
conditioner recording
equipment
Peripheral
equipment

performed fo determine if the system response meets the
requiremer]ts of para. 3.2.

If corrective action results in hardware modifications,
then the plping system design basis analysis shall be
reviewed pnd revised, as required, to include the
effects of t}L: corrective action.

6 INSTRUMENTATION REQUIREMENTS FOR
THERMAL EXPANSION MEASUREMENT

This sect]on provides requirements for the instrumen-
tation and fecording equipment necessary to meet the
minimum data acquisition and reduction requirements
for thermal expansion testing of piping systems. Reeog=
nizing the |[constant advancement of instrumentation
and data dcquisition equipment, this section™is not
intended tolexplicitly require certain instruments or tech-
niques. Rather, this section sets forth the ciiteria neces-
sary to engure that the data taken by any method is
accurate, r¢peatable, and within the capabilities of the
method or|equipment being used. A typical TEMS is
shown in Fjgure 2.

Nonmandatory Appendix)Aof this Part contains guide-
lines and pjrecautions for'typical TEMS. Nonmandatory
Appendix 4 of this Partsmay be used as a basis for the
specificatipn of thé/instrumentation/measurement
system to he used:during testing.

6.1 General-Requirements

(c) equipment calibratien“record.

(d) equipment specifications.

(e) installation specifications.

When visual means (such as rulers or scales)
only methods dsed to measure the thermal ex
of the system,the requirement for a TEMS speci
may be waived; however, the methods used shall b
mented.

For‘the TEMS as well as each device compris
TEMS, the information and minimum requiré
listed below shall be contained in the TEMS speci
when applicable. An example of the specificatior
TEMS minimum requirements is given in Table

(f) inputs and outputs: units and full-scale r
each.

are the
ansion
fication
e docu-

ing the
ments
fication

of the
.
ainge of

(g) accuracy: specified as a percentage of fulll-scale

physical units.

(1) TEMS minimum requirement: +10%
minimum acceptable limit.

(h) minimum measurable value.

(1) TEMS minimum requirement: accurate r
from the TEMS shall be obtainable when the mg
variable reaches 80% of the minimum value of the
able limit.

of the

badings
asured
accept-

Table 1 An Example of Specification of TEMS Minimum
Dot : ]

The systems and techniques used for measuring the
thermal expansion of all piping systems covered by
this Part shall meet the following minimum requirements.

6.1.1 TEMS Specification. A TEMS specification shall
be included in or referenced by the test specification
and shall include the following:

(a) functional description.

(b) list of equipment (Manufacturer, model number,
serial number).

Acceptable limit
Maximum value (Dyay) = 1.5 in.

+0.1 in. (£10% of Dyyn) (£0.254
+0.8 in. (80% of Dyyip) (+2.0 cm)

Accuracy

Minimum measurable
value

Full-scale range

Stability

Frequency response Static

Other (maximum pipe  300°F (149°C)

temperature)

Minimum value (Dy,;,) = 1.0 in. (2.54 cm)

(3.8 cm)

cm)

+1.8 in. (120% of Dpax) (+4.6 cm)
£0.05 in. (#5% of Dpn) (¥0.13 cm)



https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

(i) range: full-scale capability with accuracy specifica-
tion.

(1) TEMS minimum requirement: accurate readings
from the TEMS shall be obtainable until the measured vari-
able reaches 120% of the maximum value of the accept-
able limit.

(j) stability: allowable variation of initial zero or refer-
ence setpoint when subsequent measurements are made
with respect to that initial setpoint.

(1) TEMS minimum requirement: +5% of the

DIVISION 2, Part 7

verify that the as-installed TEMS is functioning according
to the system specification.

6.1.3 Repeatability. Capability of the TEMS to provide
consistent results shall be demonstrated. This can be
achieved by taking several consecutive measurements
of astationary variable during pretest setup and checkout.
The results of these consecutive measurements shall be
within minimum accuracy requirements of the TEMS

specification.

minim@im acceptable limit.

(k) frequency response.

(1) TEMS minimum requirement: capable of
measuring static data.

(1) (qalibration data: specific requirements are given in
para. 6]1.2.

(m) | other specifications: any other specifications
uniqug to the measurement system or important for
the acfurate measurement of the variable, such as
temperjature compensation or mounting requirements.

Mangyifacturer’s specifications are acceptable for each
device [comprising the TEMS; however, care should be
exercised to ensure that the application, mounting, and
interfacing conditions do not affect or invalidate the
manufdcturer’s specifications. This is especially important
in tranpducer mounting and electrical loadings.

6.1.2
TEMS
shall b
tions. (

Calibration. All equipment used as part of the
hall have current calibration documents. These
attached to or made part of the system specifjea-
n-site checkout of the TEMS shall be performed to

6.1.4 Acceptability of Measurements. Me
are acceptable for evaluation with respect to
criteria provided that it falls within the.¢apa
TEMS as prescribed by the TEMS specification
ments that fall outside the TEMS capability sha
sured using an appropriate technique.

6.2 Precautions

The requirements.given above for the spec
the TEMS represeht the minimum necessar
accurate measurement of thermal expansion

In develgping these minimum requiremsé
assumed-that the acceptable limits represer
thermalexpansion for which there is a high lej
dencejthat the measurements will fall within
expected ranges. Although not required, itisr
ed that the TEMS be specified to have a broadsg

hsured data
acceptance
bility of the
s. Measure-
Il be remea-

fications of
y to ensure
data.
nts, it was
t ranges of
vel of confi-
20% of the
bcommend-
r capability

with respect to minimum measurable value a

hd full-scale

range. This will allow the measurement of thefmal expan-
sions that are not within 20% of the acceptable limits and

may minimize the amount of retesting requi

ed.
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Part 7, Nonmandatory Appendix A
(20) TEMS Instrumentation and Equipment Guidelines

The purgose of this Appendix Is to provide guidelines
for the seleftion of components that comprise a thermal
expansion [measurement system (TEMS). Tables A-1
through A-B are organized with respect to the generic
basic components of the TEMS as described in section
6. For each| typical device listed, information regarding
such areas|as function, application, and limitations is
given as anf aid in the selection process.
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Table A-1 Typical Transducers

DIVISION 2, Part 7, Nonmandatory Appendix A

Device

Basic Function or Application

Precautions/Limitations

Ruler, scale

Dial indicator

A hand-held device for direct measurement of displacement
from a fixed reference, read visually at location of
measurement

A mechanical device mounted to a fixed reference point at the
measurement location, displacement visually read by dial
and pointer

Requires personnel at measurement location
Limited accuracy of 1/16 in. (1.6 mm)

Very good accuracy, but typically a function of range
Must be securely mounted
Zero setting very sensitive to mounting stability

Lanyard

LVDT

Proximity probe

Thermofouple

RTD

Strain gpge

An electromechanical device consisting of a cable, spring, and
resistive potentiometer that provides an electrical signal
proportional to the displacement of the cable end

A linear variable differential transformer that produces an
electrical output proportional to the motion of a magnetic
core inside three coils

An electrical eddy current device that produces an electrical
output proportional to the gap between the probe and the
monitored object

An electrical device that produces a voltage proportienal to
the difference in temperature between two juiictions of
dissimilar metals

A resistance temperature detector that changes the
resistance of the sensing-element proportions to its
temperature

Anlelectrical device that measures surface deformation of the
test object. The most common type uses the change in
resistance of a foil or wire grid intimately bonded to the
surface of the test object to indicate the average strain over
the grid length.

Accurate, stable, and easily mounted|
Provides for centralized mopitering of many points
Signal conditioners required

Provides high aceuracy and resolutiqn
Loading of test 6bject is minimal sinceonly the core

is attached tg the moving object
Requires signal conditioning with A( excitation
More ftagile than lanyard transduceis

Linear range is limited to variations ajout the initial

gap
Requires power supply and proximitor
Provides high accuracy and resolutiqn

Readily available in a variety of configurations
Rugged, easily mounted
Provides for centralized monitoring of many points
Requires use of a reference junction
Voltage output is not linear with respect to

temperature

Readily available, easily mounted
Provides centralized monitoring of npany points
Does not require use of a reference Junction
Not as rugged as thermocouples
Resistance change is not linear over[a wide
temperature range
May be prone to self-heating effects if[continuously
excited

Provides actual strains in the piping|instead of
displacements

High temperature use may require wellding or post-
curing of adhesives

Temperature compensation, long-termn stability,
and hysteresis effects may be sourcels of problems

Laser displacement

sensor

Infrared
thermometer

An optical sensor that projects visible laser light on a target
and uses the reflected light from the target to compute the
target’s distance from the sensor

A noncontact temperature measurement device

Provides high accuracy resolution
Accuracy is dependent on distance from target and
reflectivity of target

Convenient, easy to use
Accuracy is dependent on distance-to-target size
ratio
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Table A-2 Typical Signal Conditioners

Device

Basic Function or Application

Precautions/Limitations

DC amplifier

Power supply

Electronic device used to amplify the signals supplied
by lanyards, LVDTs, thermocouples, strain gages, etc.

Provides constant power signal to LVDTSs, proximity probes,
strain gages, and lanyards for signal

generation
=]

Provides high level signals for ease of reading or

recording

Gains must be recorded for units with switchable

gain settings
Units for static measurements should have
zero drift

minimal

May provide either AC or DC power in accordance

with transducer requirements
Paouzer. rpgn]nfinn must he within either tr

sducer

manufacturer’s specifications or within
accuracy requirements

Total transducer loading on the pewen sup
not exceed rated capacity

system

ly must

Reference jupction Provides or simulates a known temperature at one junction Some reference junctions aré\made for specific
of a thermocouple, so that absolute temperature at the types of thermocouplessThey may be uged only
other junction may be found with that type.

Since reference junetions will often be used pear the
measurement leCation, care must be uspd to
ensure that thé"ambient temperature dpes not
exceed the‘equipment capabilities

Table A-3 Typical Data Processing, Display;cand Recording Equipment
Devide Basic Function or Application Precautions/Limitations

Data logger Provides analog to digital conversion of transducer Processing capabilities may require comppiter
or signal conditioner output; automatically.scans, controls. Output capabilities may requife a
processes, and records multiple channel$tof data computer interface.

A/D convertgr (with Converts the analog signals to a digital format for processing, A/D parameters specified in software

computer) display, and storage
Computer Contains hardware and software for'processing, display, and Has greatly expanded processing and output

storage

capabilities compared to a data logger
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Part 7, Nonmandatory Appendix B
Thermal Stratification and Thermal Transients

DIVISION 2, Part 7, Nonmandatory Appendix B

B-1 INTRODUCTION

Thernmal conditions may occur in piping systems that
could result in high internal forces and moments causing
piping|or support damage. This Appendix describes
thermdl stratification and valve leakage conditions that
have qccurred in nuclear power plants and have
caused anomalous system response or piping and

B-2 THERMAL STRATIFICATION

Thermal stratification is a phenomenon that can occur
in any $tagnant or low-velocity single-phase fluid or stra-
tified t\vo-phase flow. It can be caused by low flow rates
into a plipe containing different temperature fluid. It mani-
fests it§elf as a nonlinear temperature gradient occurring

and tenyd to remain separated. However, under high flow
rates, the fluid flow becomes turbulent, which promotes
mixing|of the two fluid layers, resulting in a homogeneous
tempeifature profile.

The femperature profiletypically manifestsitselfas two
volumgs of almost constant but different temperatures
separated by a relatively small temperature transition
zone. Measuréments have been made in some fluid
systems indicating difference in temperatures as high
as 320pPF(178°C). ngher differences are also p0531ble
During'e S
temperature dlfferences between 0°F ( 18°C) and 100°F
(38°C).

Thermal stratification has been observed in PWR surge
lines. The surge line connects the reactor coolant loop
(RCL) with the pressurizer. The pressurizer is typically
at a higher temperature than the RCL since it contains
electric heating elements that maintain the fluids at satu-
rated conditions. Under startup (steam bubble formation)
and normal operating conditions, fluid temperature inside
the pressurizer ranges between 400°F (204°C) and 650°F

(343°CJ, while the RCL temperature typiq

between 120°F (49°C) and 615°F (324<C).

large difference in temperature betweenjthe

ally varies
It is this
pressurizer

and the RCL that provides the difference’in tenpperature of

the fluid in the surge line. Fluid js-éX¢hanged I
pressurizer and the RCL as the’system m3
desired pressure using heatef's and spray.
fluid temperature incteases, the RCL fly
increases, causing an insurge of fluid into the j
at the same time, spine of the hotter fluid flow
pressurizer to<heat the reactor coolant sys

etween the
intains the
As the RCL
id volume
pressurizer;
's out of the
tem (RCS).

These flows@re generally slow and laminalr, resulting

in conditionhs conducive to thermal str3
During ‘conditions of high flow in the
(caused by reactor coolant pump start/

tification.
surge line
top, rapid

boren injection, or activation of the pressurizer spray

valves), the high velocities tend to mix the flui
a homogeneous thermal condition. However,
to normal flow in the surge line, the fluids agail
stratified flow condition.

The differences in temperatures cause t
assume a circumferential temperature gra
gradient causes the pipe to bow, typically in
plane. This vertical bowing can create un
internal forces and horizontal or vertical m
a complex three-dimensional piping system.
cipated movement could result in unintentio
of the piping system (e.g., gaps on rigid rest
snubber movements exceed allowable lim
contacting pipe rupture restraints).

The stratification phenomenon depends
system geometries. Valves, elbows, reducers,
tend to create turbulence in the flow steam and
reduce the severity of stratification.

In some PWR de51gns the auXIhary feedw

ds, creating
pon return
1returntoa

he pipes to
dient. This
the vertical
hnticipated
pvement in

This unanti-

al restraint
aints close,
ts, or pipe

on piping
and orifices

thus, could

ater (AFW)

ih main feed-

water (MFW) piping. The MFW and AFW systems have
also been reported to exhibit thermal stratification
under certain operating modes and system alignment.
The MFW contains larger pipe sizes and higher tempera-
ture fluid than the AFW piping system.

When flow in the MFW system ceases and AFW is
initiated, cooler AFW fluid is injected into the larger,
hotter MFW piping, which is at a higher temperature.
Due to the large difference in pipe size, the velocity of
the AFW fluid in the larger MFW line is significantly

(20)
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Figure B-1 Simplified Schematic of Surge Line Stratification

Tpzr

/ Surge line piping

~— AN

Legend:
Tpzr = tjmperature in pressurizer (PZR)
Ty = tgmperature reactor coolant loop hot leg (HL)

reduced. The large difference in temperaturécoupled with
the greatly|reduced flow rate are conditions that could
result in stratified flow.

Other syptems in which flow stratification has been
reported afe pressurizer spray\systems, reactor core
isolation cpoling systems, and‘reactor water cleanup
systems.

Striping if a phenomenon associated with thermal strat-
ification anf has been\shown, in cases investigated thus
far, to be anlinsignificant factor in causing fatigue damage
to piping systems.'Striping is a phenomenon where two
fluids at different temperatures are separated by an inter-

Stratified temperature interface

the addition of new systems, or discovery ¢f new
phenomena.

In other cases, the malfunction of a component, spichasa
valve, can result in leakage between two normally isolated
sections of a piping system. These two normally isolated
sections can contain fluids at different temperatutes and
pressures. The differential pressure creates a driving head
that causes fluid flow. The injection of fluid at tempprature
into a section of pipe containing fluid at a different
temperature will initially cause a thermal stregs cycle
in the pipe.

Iftheleakage is constant, stress reversals will ocqur only

face that tends to oscillate about its equilibrium condition.
This oscillation causes alternating heating and cooling of a
region of the pipe that can theoretically lead to fatigue
damage.

B-3 THERMAL TRANSIENTS

The majority of thermal transient conditions are antici-
pated and included in the analysis of ASME piping systems.
Occasionally, new transients are discovered or defined.
Some of these are due to changes in operating conditions,

during plant/system startups and shutdowns, resulting in
arelatively few number of stress cycles and, therefore, no
significant increase in the fatigue cumulative usage factor.
However, if the leakage occurs intermittently, a fatigue
crack can be initiated, propagated, and can potentially
cause a breach in the pressure boundary. Such intermit-
tent flows can occur, for example, when a normally closed
valve leaks and causes a change in the temperature of the
valve disk. The change in temperature of the valve disk can
cause thermal growth of the disk and resealing of the flow
path. Upon cessation of the flow, the separated sections
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tend to return to the thermal conditions that existed when
the leak initiated. Repetition of this sequence could occur
frequently, and with sufficiently high temperature differ-
ences could result in large numbers of stress cycles and
possible thermal fatigue damage of the pipe. It is difficult
to determine, without monitoring, whether a leak is
continuous or intermittent.

(a) Three conditions must be present to create this
condition, as follows:

(1) leakage by the valve seat

DIVISION 2, Part 7, Nonmandatory Appendix B

(2) pressure differences across the valve seat

(3) temperature difference on both sides of the valve
seat

(b) Such low leakage rates can easily go undetected.

There are several techniques available that may detect
leakage past a valve seat, such as

(1) visual inspection (intrusive)

(2) acoustic monitoring (nonintrusive)

(3) temperature monitoring

175


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

(20)

DIVISION 2, Part 12

ASME OM-2020

Part 12
Loose Part Monitoring in Water-Cooled
Reactor Nuclear Power Plants

1 INTRODUCTION

1.1 Scope

This Part
monitorin
plants. Lo
reactor ves
ized water
system in a
lishes mon
measured 3

establishes the requirements for loose part
b in water-cooled reactor nuclear power
pse part monitoring is required for the
cel and primary coolant system in a pressur-
reactor (PWR) and the reactor recirculation
boiling-water reactor (BWR). This Part estab-
toring methods, intervals, parameters to be
nd evaluated, and records requirements.

1.2 Overv

Loose p

ew

rt monitors (LPMs) provide a means for
detecting qnd evaluating metallic loose parts through
analysis of [transient acoustic signals produced by loose
part impacts. Installed systems use an array of externally
mounted a¢celerometers located where loose parts are
most likely] to collect. Most systems include automiatic
annunciatipn (audible and visual) of a potential foose
part, audilo monitoring, and both automatic and
manual siglllal recording.

High falde alarm rates have been the\major generic
problem fofr LPMs and have reduced cenfidence in the
informatioh obtained from LPMs=The origins of false
alarms are|diverse and rangeArom random variations
in backgrdund noise levels\to’metallic impacts not
caused by|loose parts Within the reactor coolant
system. Thfs Part, therefore, recommends that system
sensitivity pe set ow the basis of background noise and
to achieve|the maximum sensitivity commensurate
with an acfeptable false alarm rate when the system
has been irfstalled in accordance with this Part.

2 DEFINITIONS

These definitions are provided to.ensure a yniform
understanding of selected terms used)in this Part.

accelerometer: a transducer, typically piezoelectric, for
converting acceleration to an electrostatic chargg.

active channel: an LPM channel used by the alarm
ciator circuitry.

annun-

A/D: analog to digital.
ALARA: as low @s reasonably achievable.
alarm condition: the LPM state indicating that th¢ alert/

alarm processor has detected characteristics indicptive of
a loose(part.

alert/alarm processor: a device to process alert signals to
discriminate between a valid loose part event and a false
alarm.

condi-
ate the

alert level: a preestablished value against which thg
tioned transducer signal level is compared to indi
possibility of a loose part.

background noise: the combination of flow, structufal, and
electrical noise.

baseline: reference data used for system perfo1
evaluation and signal analysis.

mance

break frequency: the frequency at which the signal|is atte-

nuated by 3 dB relative to the passband.
BWR: boiling-water reactor.

calibration: a test during which known inputs are
to a component and corresponding output readi
recorded to establish a baseline to compare
previously established baseline or to adjust the

hpplied
hgs are
with a
Compo-

Section 2 defines the terms used in this Part; because
loose part monitoring is unique, some terms may deviate
from definitions used in other Parts. Section 4 deals with
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.

176

TIent withi specifications:

collection region: a region within the primary reactor
coolant system in which loose parts tend to collect as
aresult of localized low flow rates or mechanical obstruc-
tions.

delay time: the difference in time required for the acoustic
wave initiated by an impact to reach different loose part
sensors.
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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.

Type ' '
electridal noise.

Type|2: a system alarm to a metallic impact signal that is
not a lpose part.

. d dard O—da 110 D3 ar, SU

field caple: the signal cable connecting the remote charge
converfer/preamplifier to the signal-conditioning and
procesging equipment.

field equipment: that portion of the installed LPM notin the
control cabinet.

filter: ajdevice for selecting signal components on the basis
of theiif frequency. It allows components in one (or more)
frequency band(s) to pass while attenuating components
in othdr frequency bands.

flow ngise: acoustic energy generated by the flow of
coolang in the primary coolant system.

frequency domain: the characterization of a signal as a
function of frequency.

g: the hnit of acceleration due to gravity at the earth’s
surfac¢, which for engineering purposes is 32.17"ft/
sec? (9181 m/s?).

hardlinge cable: coaxial or triaxial cable with one or more
metal gheaths insulated from the conducter by a mineral
oxide; this type of cable is used to transmit the acceler-
ometef signal to a charge conversion device in high
tempertfature, humidity, and/or(radiation environments.

impactlenergy: the kinetic energy of an impacting object.

impact|test: a test to deterinine system functionality and
responpe characteristies<to a known metallic impact.

instrumented hammer: a hammer instrumented with a
transdjucer to‘convert the hammer impact force or
energy|into.an\electrical signal.

IRIG: iftér~range instrumentation group, a group estab-
lishing performance specifications for anaiog tape
recording equipment.

loose part: two types are addressed.

captive: a constrained metallic part that can impact
nearby components.

free: ametallic object thatis disengaged and free to drift.

LPM: loose part monitor.

OTSG: once-through steam generator.

177
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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
g°/Hz.

OW pt Cl

PWR: pressurized water reactor.
RCP: reactor coolant pump.
RCS: reactor coolant system.

the electro-
elerometer
put; these
resistance
ter/pream-

remote charge amplifier: a devicethat accepts
static charge output from a\piezoelectric ac
and produces an amplified voltage out]
devices can accept a\Wider range of input
and capacitance thaia remote charge conve
plifier and typi€ally provide variable gain.

remote charge«converter/preamplifier: a cha
sion device that accepts the electrostatic ch
from &piezoelectric accelerometer and pro
impédance output signal for transmission
room electronics.

rge conver-
hrge output
Vides a low
to control

resonance: the condition in which the natural f
a mechanical system is matched in frequ
external vibration stimulus, resulting in high
levels than would occur otherwise.

requency of
bncy by an
br vibration

signal conditioner: a device that converts the s
mitted from the remote charge converter/pre|
a form suitable for detection and recording;
provide electrical power to a remote charge

ignal trans-
amplifier to
it may also
converter.

signal-to-noise (S/N) ratio: the ratio of signal amplitude to
noise amplitude.

slew rate: the maximum rate at which the o
electrical device can change while operatin
linear range.

utput of an
b within its

softline cable: coaxial or triaxial cable used to fransmit the
charge signal from an accelerometer to a charge conver-
sion device; these cables, specially treated o minimize
triboelectric noise, are flexible but less resistant to

threshold detector: a circuit or device that monitors an
LPM channel and provides an indication when the
signal exceeds the alert level.

time domain: the characterization of a signal as a function
of time.

triboelectric noise: the charge signal generated by move-
ment of the signal cable.

white noise: a random signal characterized by constant
spectral density independent of frequency.
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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 amplifier may be used instead of a remote
charge converter/preamplifier. See Figure 4 for details.
Field components shall be selected to perform in the
temperature/humidity/radiation environments normally

Publisher: American National Standards Institute (ANSI),
25 West 43rd Street, New York, NY 10036
(www.anisi.org)

Guide 1.133, Revision 1, Loose Part Detection
for the Primary System of Light-Water Cooled
U.S. Nuclear Regulatory Commission, 1981
Superintendent of Documents, U.S. Govern-
nting Office (GPO), 732 N. Capitol Street,

hington, DC 20401 (www.gpo.gov)

Regulatory
Program
Reactors

Publisher:
ment Pr
NW, Wag

4 EQUIPMENT

4.1 Generpl

This sectjon describes the major components of a loose
part monit@ring system: the sensor array and its cabling;
the signal [processing, detection, and data recording
subsystems; analysis equipment; and documentation.
Concern for personnel radiation exposure and safety
has been irjcluded in developing system requirements:

Reactor ¢oolant system background noise makes'the
detection df loose parts difficult because it masks the
noise generated by loose part impacts; it is.a ‘composite
of noise from sources such as coolant flow and mechani-
cally and hydraulically generated vibration. Typically,
background noise extends over a.very wide frequency
band but may have significant_peaks in narrower
frequency bands.

Waveforms from impacts_near an accelerometer are
significantly different in character than the background
noise, as dgmonstrated*in Figure 1. However, impacts
farther from the aécélerometer (typified by the one
shown in Fjguye.2) are more difficult to detect because
characterigti¢s-such as the 1mpact shape become less
distinct andthe a

Impact 51gnals contain significant lnformatlon aboutthe
size of the impacting object and the impact force and
energy. The general range of loose part impact signal
amplitude and frequency content for masses between
0.5 1b and 30 1b (0.23 kg and 13.61 kg) is shown in
Figure 3. The composition and shape of both the compo-
nent struck and the impacting object further affect the
impact signal.
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4.2.1 Accelerometer. The general requiremgnts for
piezoelectric accelerometers are as follows:

(a) sensitivity: fixed, in the range 10%pC/g to 5

(b) working range: 0.01 g to 1007g, peak

(c) charge temperature response: Iéss than 15
60°F to 625°F (15.6°C to 329.4°C)

(d) radiation resistancefvendor tested for u
nuclear environment

(e) operating temperature range: 60°F to
(15.6°C to 329.4°C)

(f) frequencyresponse: flat within -5% to £109
Hz to 8 kHz, uniformly increasing response to t
resonance¢(fiyst resonance greater than 20 kHz)

(g) electrical/mechanical: case isolated from
ground (see para. 4.3.6)

(h) calibration: performed by the manufacty
récognized test/calibration laboratory using a prd
that incorporates ANSI S2.11-1969

0pC/g
06 from
se in a
625°F

from5
he first

signal

irer or
cedure

4.2.2 Accelerometer Mounting. There are two
able mounting methods.

(a) direct mounting: stud mount the acceler
directly to the component as shown in Figure 5.

(b) fixture mounting: stud mount the accelerometer to
amounting fixture attached to a component by medhanical
means such as straps, clamps, or welds. Accelergmeters
may be mounted to bolts that are then inserted into
existing threaded holes in primary coolant system fompo-
nents. Figure 6 shows one example of fixture mdunting.

In no case shall accelerometers be magngdtically
mounted because of the poor frequency regsponse
obtained and the difficulty in maintaining a tight mechan-
ical connection.

accept-

pbmeter

faccel-
‘ments:

(a) Use only the mounting studs pr0v1ded by the accel-
erometer manufacturer or mounts fabricated to the manu-
facturer’s specifications to preclude accelerometer
damage and to ensure proper acoustic coupling.

(b) The manufacturer’s recommendations for sensor
installation shall be followed (including torque value).

(c) The mounting surface shall be finished to a surface
roughness of 125 pin. (3.2 um) rms or better.

(d) Acoustic couplants shall not be used because they
degrade in the harsh environment.

4.2.3 AccelerometerInstallation Installationc
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Figure 1 Typical Broadband Sensor Response to Nearby Impact
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Figure 3 Range of Loose Part Signal Amplitude and Predominant Frequency Content
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Figure 5 Direct Stud Mount
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Table 1 Recommended PWR Accelerometer Locations

Location Number of Sensors
Reactor vessel, upper 3
Reactor vessel, lower 3
Steam generator (each) 3
Reactor coolant pump (each) 1

(e) The mounting hole shall be perpendicular to the

ASME OM-2020

For U-tube steam generators, mount one accelerometer
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
one accelerometer should be located at the lower tube
sheet. Figure 8 shows the recommended array for an

mounting surface within *1 deg.

(f) Mourts shall be drilled and tapped so that the stud
does not bgttom 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.

(i) Clamped fixtures mounted on cylindrical surfaces
shall have|a two-line contact surface similar to that
shown in Fjgure 6.

(j) Mounits and fixtures shall be designed to compen-
sate for thdrmal expansion so as to provide an approxi-
mately congtant holding force throughout the operating
temperature range.

(k) Sendors shall be protected from mechanical
damage. Epclosures or covers of sufficient size for
access and maintenance shall be used for accelerometers
mounted external to mirror insulation. Mounting under
mirror insylation without an additional enclosure is ac-
ceptable.

(1) Enclo
from the a
acoustic isg

(m) The
inspected f
identificati
near a sens

4.2.4 Ac
cations, the

Kures and conduit shall be acoustically isolated
Ccelerometer and its mounting. Acceptable
lation may include a flexible conduitx

area in the vicinity of the sensor shall be
r loose metallic components (e.g.;insulation,
n tags, and chains) that could impact on or
or. All loose components shall be restrained.

celerometer Locations==PWR. In PWR appli-
recommended sensor locations for detection
and analysi$ of metallicimpaetsignals in the RCS are listed
in Table 1. (Jare should be taken to selectlocations that are
accessible from permanently installed ladders and plat-
forms.

OTSG.

Install one accelerometer on each reactor coolan
The sensor should be mounted to a lifting\lug of other
location on the pump bowl. The location shduld be
selected to avoid sensor damage during pump mnainte-
nance.

4.2.5 Accelerometer Locations — BWR. For BWR
applications, the recommended sensor locatigns are
specified in Table 2.

Accelerometers mounted at the main steam outlg
water inlet, and recireulation water outlet elevatio
be attached to<onvenient nozzles (such as inst
taps) as closelto the vessel as possible. When p
avoid pipesand lines with flow during operation. T
tions selected shall have good acoustic coupling
reactor-vessel and should be equally spaced
the€ircumference. The three lower vessel accelerg
shall be mounted to the control rod drive housings
the reactor vessel as practical; they should be a
mately 120 deg apartand placed on peripheral driy
ings. Figure 9 shows the recommended BWR senso|

Install one accelerometer on each recirculation
The sensor should be mounted to a lifting lug o
location on the pump bowl. The location shduld be
selected to avoid sensor damage during pump mnainte-
nance. Install one accelerometer on each recirculation
loop discharge pipe near the recirculation head

[ pump.

t, feed-
hs shall
fument
bssible,
he loca-
to the
around
meters
as near
pproxi-
e hous-
I array.

pump.
r other

4.2.6 Sensor Cable. The cable between the senfor and
the remote charge converter/preamplifier or remote
charge amplifier shall be of a type designed for use
with low level charge signals generated by afceler-
ometers. Low noise, hardline cable is required under

| Thedthre( UPper reaitor vesdsel .acceler;)metersdsl;lall be thermal insulation covering components and piping.
ocated atapproximately 120-degintervals aroun t. etop High temperature, low noise softline cable ay be
of the vessdl or the reactor vessel head at an elevation no used_outside this region when the temperaturd is less

higher than the lifting lugs. Lifting lug mounting, if used,
shall be such that it does not interfere with the lifting rod
connected to the lug. The three lower reactor vessel accel-
erometers shall be mounted to the incore guide tubes
within 18 in. (0.45 m) of the reactor vessel. The acceler-
ometers should be approximately 120-deg apart and two-
thirds the radial distance outward from the vessel axis. In
plants without lower vessel incore guide tubes, the lower
reactor vessel accelerometers shall be mounted to the
reactor vessel.

182

than 400°F (204°C). Hardline cable lengths greater
than 20 ft (6.1 m) are discouraged. Connection locations
should permit access for inspection and maintenance.
The sensor cable shall be completely enclosed in
conduit. To prevent ground loops and to provide addi-
tional acoustic isolation, the hardline cable sheath and
intermediate connectors shall be insulated with tempera-
ture- and radiation-resistant material to avoid contact
with the conduit. Triaxial hardline cable affords additional
protection against ground loops. Protection against
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Figure 7 Recommended Sensor Array for PWR With U-Tube Steam Generator

o Steam generator

Typical for each
steam generator

=

—3

Pressurizer

Typical in-core
guide tube
(1 of 3shown)

of the cableand insulation at the conduit exit
s required.

chafing
points

4.2.7 Remote-Charge Converter/Preamplifier. The
remot¢ charge converter shall be located as close as

possible to-the accelerometer without surpassing the

GENERAL NOTE: #p = LPM sensor

Typical reactor
vessel head
(1 of 3 shown)

oy

Typical for each
reactor coolant pump

Nuclear reactor
vessel

(c) radiation resistance: vendor tested flor use in a
nuclear environment

(d) frequency response: flat within +5% fr
20 kHz

(e) input resistance and capacitance: comj

combinad accalavramatar/cancar ~ahlg
A

bm 5 kHz to

batible with
values at

temperature and radiation limitations (including radia-
tion from withdrawn incore detectors). The converter
shall be mounted inside a junction box to provide physical
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

183

oo e-a—a e e o e 55O —CcdBre

maximum operating temperature

(f) inputrange: charge equivalent to atleast 100 g peak
without overload

(g) electrical: installed so that both the signal and refer-
ence are isolated from ground

(h) output: capable of driving the combined field
cabling and control cabinet electronics load at a signal
level of 100 g peak and 20 kHz without amplitude or
slew-rate limiting
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Figure 8 Recommended Sensor Array for PWR With Once-Through Steam Generator
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Table 2 R¢commended BWR:Accelerometer Locations (a) operational temperature: 60°F to 130°F (1%.6°C to
- 54.4°C if used outside containment)
Location Number of Sensors . .
- 3 (b) gain: selectable, in the range 1 mV/pCto 10jmV/pC
Main steam outlet elevation 2 l:
(c) frequency response: flat within +5% from 5 kHz to
Feedwater injet elevation 4
_ . . 20 kHz
Recirculation|watbltlet elevation 2 (d) input resistance and capacitance: compatiljle with
Recirculation|pump (each) 1 combined—accelerometerisenser—cable—values at
...................... ter/fsenseor—ecable—val
Recirculation discharge pipe (each) 1 maximum operating temperature
Reactor vessel bottom 3 (e) inputrange: charge equivalentto atleast 100 g peak

4.2.8 Remote Charge Amplifier. Remote charge ampli-
fiers may be used outside containment and shall not be
used in containment unless they meet the environmental
requirements for remote charge converters. Remote
charge amplifiers shall meet the following requirements:

184

without overload

(f) electrical: installed so that both the signal and refer-
ence are isolated from ground

(g) output: capable of driving the combined field
cabling and control cabinet electronic load at a signal
level of 100 g peak and 20 kHz without amplitude or
slew-rate limiting
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Figure 9 Recommended Sensor Array for BWR
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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.
Filters may be either fixed or selectable with the suggested
high-pass break frequency between 500 Hz and 2 kHz and

A
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a transient recording device to capture the initial event
and a second device for continuous recording. The contin-
uous recording device may be either analog or digital.
(a) Transient Recorder

(1) trigger data storage on alarm

(2) pretriggering to ensure capture of entire wave-
form

(3) data storage shall continue until the continuous
recorder is operating

(4) 50 kHz sampling rate per channel (minimum)

the low-pas (5) 12 bit A/D converter (minimum)
(c) Test fonnector providing unfiltered or selectable (6) simultaneous recording of all signal‘eHannels
filtered /unfiltered signal for analysis and recording. required in para. 4.2.4 or 4.2.5
(d) Dyngmic range: signal level equivalent to at least (b) Continuot;s z;lr;alog R.ec.order
100 g ge?k ltn ;helllte)ast-si.etr)mtlv; .rangi fa/v (1) frequency response: flat within+5% from 1 kHz
(e) Outppt shall be calibrated in upl S, 0 g/ ) to 10 kHz, recommended to be flatwithin £+10% frqm 1 Hz
(f).dO\(;efr r?cxr}llge ;n(ii under-rar(lige 1-nd.1cat10n-(un.1ess to 20 kHz (additional specification)
proYl ed injeit _er‘F e . etector or discriminator circuitry) (2) simultaneous and ¢ontinuous recording] (for at
or(51)gn(a:11 lepel l.ndlzzatlon. t of te ch least 2 min) of the channels\required by para. 4.2.4 pr 4.2.5
g) Lonyenient measurement of remote charge 3) recorder configured to IRIG standards
converter/preamplifier bias voltage or current. gé recording afa tf:gime code providing date ahd time
d.(h)t C;))lnvenient indication of gain or range if externally to the nearest sebond
aqjustavie. (c) Continuots Digital Waveform Recording
(i) Electfical compatibility with accelerometer and (1) simoltaneous and continuous recording| (for at
Charge conyerter. . . ) least 2 mjn) of the channels required by para. 4.2.4 pr 4.2.5
(j) Exterpal controls affecting calibration and alarm (2150 kHz sampling rate per channel (minjmum)
setpoints shall be designed to prevent inadvertent move- (3) 12 bit A/D converter (minimum) |
ment. (4) recording of a time code providing date ahd time
4.3.2 Theshold Detector to the nearest second
(a) EacH channel shall have a separate threshald 4.3.5 Audio Monitor. The audio monitor shall iicorpo-
adjustment rate the following features:
(b) Deteftor may use either absolute or variable' [evel (a) amplifier frequency response: flat withinj +1 dB
detection t¢chniques. from 30 Hz to 15 kHz
(c) Varigble alert levels shall be proportional to the (b) headphone output
magnitude pf the band-limited backgretnd. (c) speaker frequency response: rated responge from
100 Hz to 15 kHz
4.3.3 Alert/Alarm Processor (d) switching capability to permit audio monitgring of
. . ) any LPM channel or previously recorded channe}
.(a) . Rejeqts alert patterns nQt ieeting preestablished (e) inputs shall be selectable to permit use of either the
Crl(t;')rlez tohatic alert Cif al iteri t met signal conditioner unfiltered output or a normally filtered
utomatic alert resetif alarm criteria are not met.
. Lo . . output
?2]) \Illzgallty lndlgat;es f(_:he}[nn}?l(s) 1lntan ?le‘:t condition. (f) volume control independent of signal conditioner
ndidation ofthe first channel to alert. ;
ain
(e) Audibly indicates that the system is in the alarm &
state. 4.3.6 Cabling and Grounding. The LPM shall be
(f) Manuslslarm—resetinthe—contreolcabinet r‘ncignnr‘ to prnviﬂn adnqann cigna] chin]ﬂihg and to

(g9) Automatic initiation of data recording or storage
when the alarm condition is entered.

(h) Alarm indication to the plant annunciation/
computer system; the alarm shall be annunciated in
the control room on a unique (nonganged) alarm.

4.3.4 Recorder. The system shall be capable of auto-
matically recording the initiating event and for 2 min
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

186

avoid ground loops. For systems using single-ended
remote charge converters/preamplifiers, the system
shall be installed with a single point ground at the
control cabinet. The accelerometer, sensor cable,
remote charge preamplifier, and field cabling shall be elec-
trically 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
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shall be maintained through penetrations, and only instru-
ment-quality, low-level signal penetrations shall be used.
Channels monitoring a single collection region shall be
routed separately to minimize common-mode failure.
Fiber optic cable may be used in appropriate environ-
ments.

4.4 Analysis and Diagnostic Equipment

4.4.1 General. The instrumentation needed to perform
the various analyses described in this Part include a data

DIVISION 2, Part 12

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 radia-

recorder, a digital oscilloscope (or similar instrument to
captur¢ transient waveforms), a frequency analyzer, and a
printer}/plotter to supply a hard copy of analyzed data.
Multifunction instruments that perform one or more of
these flinctions may be used in lieu of individual instru-
ments. [This instrumentation can be included in the control
cabinet electronics and may be used for diagnostics if
analysik does not require removing the LPM from service.

4.4.]
equipny
for dia

Data Reproducer. Separate data reproduction
ent compatible with para. 4.3.4 shall be available
pnostic analysis if the control cabinet recorder(s)

cannotfbe used for diagnostics without compromising the
LPM dg¢tection and alarm functions.

4.4.3 Waveform Analyzer. The waveform analyzer
shall have

(a) iinimum of two channels

(b) Yariable sampling rate, with a maximum sampling
rate nd less than 50 kHz per channel

(c) tapability to store and display waveforms
contairfing no less than 4,000 points per channel

(d) gapability to store and display captunéed,transient
wavefgrms in adjustable time spans from atleast 10 to 40
ms

(e) fre- and post-trigger capture. feature

(f) 12 bit or higher A/D converter resolution

(g) 3bility to trigger on selected channel or on external
trigger

(h) 3djustable trigger. threshold

4.4.4 Frequency-Analyzer. The frequency analyzer
shall have

(a) frequency range: 0 kHz to 25 kHz, min.
(b) 12 bitsex*higher A/D converter resolution
(c) qummation averaging selectable in steps up to at

tion areas. Those activities should be closely goordinated
with plant ALARA programs. In particular,-the following
should be implemented:

(a) Equipment used in the LPMshotld be
minimize the need for maintenange.

(b) LPM containment components shoul
replaceable to minimize exposure time dur
nance.

(c) LPM componentgshould be accessible ffom perma-
nent ladders and platforms to reduce personnel time in
containment.

(d) Charge converters/preamplifiers
mounted inlocations that serve to reduce pers
sure and\to increase equipment reliability.

(e). Maintenance and calibration should
ands.if necessary, practiced outside containm
mize personnel time in containment.

(f) Test and replacement equipment
checked carefully for operability prior to
containment.

reliable to

d be easily
ng mainte-

should be
onnel expo-

be planned
ent to mini-

should be
entry into

5.3 Precautions

High voltages may be encountered during
specified in this section; therefore, care must
protect both personnel and equipment f]
hazards and electrostatic shock damage. Ac
signal leads or cables attached to accel
should be shunted to ground before con
other equipment. Personnel preparing spe
dures based on this Part shall ensure th
produced by impedance-measuring devic
damage the components under test.

procedures
be taken to
rom shock
elerometer
erometers
nection to
cific proce-
ht voltages
es will not

5.4 Calibration
5.4.1 Initial Installation. Initial calibration of the LPM

least 2b6samples per average

(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
comparison 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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electronics shall be performed prior to baseline testing.

(a) Control Cabinet Electronics. Perform vendor-rec-
ommended calibration.

(b) Charge Converter/Preamplifier. Prior to installa-
tion, 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 Figure 10.

(c) Sensor Cable. Measure the open-circuit resistance
and capacitance of the sensor cable (consult the cable
vendor for the correct procedure).
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Figure 10 Block Diagram for Charge Converter Calibration Tests

Signal I Note (1) Charge Power N )
generator 11 converter supply ote (2)
O TP O P2
Measuring
instruments

NOTES:

(1) 1,000 pF|typical; consult charge converter vendor for specifics.

(2) Use LPM|signal conditioner if possible.

(d) Sendor

(1) Vdrify sensor frequency response, amplitude
linearity, and sensitivity. Test instrument system accuracy
shall be +5p6. Sensor excitation may consist of either a
continuouq frequency sweep at a single acceleration
value or discrete frequencies at a minimum of seven
points distriibuted over the sensor response range. Sensi-
tivity shall Qe verified at one or more of the manufacturer’s
calibration|frequencies (typically 100 Hz, 5 kHz, or 10
kHz). Ampglitude linearity shall be determined by
measuring pt 0.1 g and 10 g at approximately 5 kHz. Tt
is recommgnded that the method used be in accordance
with ANSI $2.11-1969.

(2) Mgasure the resistance and capacitance of the
sensor. To| prevent component damage,)consult the
sensor vengdlor for the correct proceduxe)

(3) If pn accelerometer is dropped or physically
damaged, dp notuse it untilitis retested by the continuous
sweep method and verified to\be undamaged.

(4) Affter the sensorjand cabling to the charge
converter/preamplifier have been installed, measure
the resistance and capacitance of the sensor/sensor

cable combjinationtat the input to the charge converter.
(5) Once installed, never remove the sensor except
for replacemént-Sensors shall not be replaced routinely.

with the requirements set forth in para. 5.5.3|of this
Part. 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.

5.5 Baseline Impact Testing

5.5.1" General. Data acquired in the baselipe test
program are used in the analysis and diagnosis of anom-
alous noise in the reactor system. The baselipe test
program should be implemented prior to initipl LPM
operation, and is required after changeout of any fompo-
nent upon which an LPM sensor is mounted.

The purpose of impact testing is

(a) to determine system sensitivity to imppcts of
known energy or force at known locations

(b) to characterize transducer response to impacts
from objects of different masses at known locatipns

(c) to verify the capability to discriminate primary-
versus secondary-side impacts in steam generat¢rs and
the capability to determine the approximate impalct loca-
tion in the reactor coolant system

The impact amplitude shall be calculated using the test
weight mass and distance through which it fdlls if a
pendulum/drop method is used. The impact amjplitude
can be measured electronically when using an [instru-
mented hammer as the stimulus.

(e) Field€abting Witirthre fretdcabting disconmectedat
the control cabinet and at the remote charge converter/
preamplifier, measure the cable properties (typical for
twisted-shielded pair cable) shown in Figure 11.

Do not use more than 50 V in determining resistance.
Use either a bridge-type instrument or capacitance meter
verified to be accurate for measuring capacitance in long
cables.

5.4.2 Replacement. Perform the appropriate prein-
stallation and impact tests for any repaired or replaced
component. The impact location(s) shall be consistent

5.5.2 Plant Conditions. Impact testing should be
performed during cold shutdown; calibration at higher
temperatures 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 loca-
tions shall be selected and documented for each natural
collection region and the secondary side of each steam
generator. The impact locations shall not be within 3 ft
(0.91 m) of any sensor. Since one impact point in each

188
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Figure 11 Cable Properties (Typical for Twisted-Shielded
Pair Cable)

()
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collection region (except the reactor vessel bottom) is
intended to be used for periodic impact testing, ease of
access shall be considered.

5.5.4 Test Weights/Hammer Masses. A range of test
weights should be used to define channel response over
the monitored frequency band (refer to Figure 3). Recom-
mended weights for the ball or hammer are 0.51bto 1.0 1b,
31bto51b,and 101b to 20 1b (0.23 kg to 0.45 kg, 1.4 kg to
2.3 kg, and 4.5 kg to 9.0 kg, respectively). For each test

urnig]nf‘ at least three impqr'r amp]if‘nr]nc Should be

Meter
_ Y N
(a) Signal Pair Loop Resistance
(Typical <20 Q)
@ O
Meter
N

(b) Conductor-to-Shield Loop Resistance
(Typical <20 Q)

A\
W)
Y

Meter

0
Sa—

(c) Conductor-to-Conductor Resistance
(Typical >200 Q)

Ia\
)

Meter

(d) Conductor-to-Shield Resistance
(Typical >200 Q)

)
7

Meter

(e) Conductor-to-Conductor Capacitance
(Derive From Vendor Data)

)
R

N\

)
Mo

Meter

{f) Conductor-to-Shield Capacitance
(Derive From Vendor Data)

used. To prevent or minimize surface marrilng, the test

weights and hammer tips should be-fabri
metal slightly softer than the surface to be §

5.5.5 Impact Test Analysis. nipact test d
reduced and analyzed at the/completion of t
acquisition program. The purpose of this af
determine the responsé€_to*known metallic i
to provide reduced reference data for use in

(a) Normalized response outputs shall be
one or more of‘he following frequency doms:

(1) force)hammer: frequency respon
displaying the ratio of acceleration (respon
(input).

{2)" ball: auto spectral plots of each sens

A digital Fourier transform method shal
calculate the spectrum. Appropriate trans
lengths or an exponential weighting functi
used to ensure that the amplitude of the s
end of the transform data block is less th
the peak amplitude.

The analysis results should be in enging
The preferred engineering units for spectr

cated from
truck.

ata shall be
he test data
alysis is to
mpacts and
diagnostics.
provided in
in formats:
te function
be) to force

r response.
be used to
form block
on shall be
gnal at the
an 10% of

ering units.
hl plots are

g°/Hz or g/Hz'/? and for the frequency response function

are g/1b. The preferred units for PSD are g%/H
systems may also use units of g/Hz'/2,

(b) The delay times between the wave
different sensor locations should be measured
nels. The measurements should be relative ¢
sensor closest to the impact point or to the in
hammer.

(c¢) The primary signal frequency conten

identified for impacts generated by each

v. Some PSD

arrival at
for all chan-
ither to the
strumented

[ should be
mass, and

sensor mounted and crystal resonances shoild be iden-

tified for each sensor. The analysis displays sh

hl]l extend to

less than 10 Hz
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Each LPM channel peak response shall be measured for

every impact. The corresponding peak input level shall
also be documented for each impact. Peak amplitudes
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.
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
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the vertical axis. The signal magnitude shall be plotted ing
units, although units of volts are acceptable if the wave-
form analyzer cannot perform engineering unit conver-
sions (in this case, the relationship between voltage
and acceleration shall be noted on the plot).

5.6 Initial LPM Setpoints

Atthe onset ofinitial RCS flow and as heatup progresses,
verify that the LPM channels are operable This may be
done by measureme z
identificatipn (and documentatlon) of major structural
resonance ¢haracteristics.

In the evlent of prolonged reactor startup or reduced
power opeifation, the LPM setpoints should be optimized
as conditions warrant. Within 2 weeks after reaching full-
power opefation, a review of the major reactor coolant
system badkground noise should be complete. At that
time, LPM kystems having adjustable bandpass filters
shall be adjusted for optimum noise rejection in each
channel. The low-pass break frequency should not be
less than 8 kHz nor the high-pass greater than 2 kHz,
except as mecessary to reject interfering background
noises having an adverse effect on sensitivity or false
alarm ratds; but, in no case shall the bandpass be
reduced tol less than 5 kHz. Systems with fixed high-
and low-pgss filters should use 1 kHz and 10 kHz as
the respective high- and low-pass break frequencies.
The final fiJter settings shall be included in the system
documentation package.

Both abs@lute and variable (floating) threshold detector
alert levels|shall be set initially to three times the.lohg-
term, band-limited background noise level at"power
operation tp 1 g or to the manufacturer’s recommenda-
tion. Individlual channel threshold levels (setpoints) shall
be adjusted after reaching power operation so that the
system falge alarm rate caused by Type’2 false alarms
is approximately one event every.2.weeks. After estab-
lishing the rate, verify that the threshold levels necessary
to achieve the rate are not so high-as to compromise sensi-
tivity to pdtentially damaging loose parts. For floating
systems, this may be dcdomplished by ensuring that
the effectivg threshold:setpoint (background level multi-
plied by thelfloatingthreshold ratio) does not exceed 1 g. If
the setpoinf exceeds 1 g, the system installation and/or
the reason for\excessive variation in the background noise

ASME OM-2020

(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

Periodic monitoring of the RCS is an integral part of an
effective loose part program; periodic testing of an LPM
provides the basis for determining system operability.
Both shall be performed on a shift, week, quarter, and

£ s < < served
eet and
eriodic
ned or
hall be

during each test shall be documented on a data(sh
included in the system documentation. If during g
testing the LPM or any LPM channel is‘determ
suspected to be inoperable, correctiveMaction §
initiated.

hall be

using
hall be
agnetic
rording
0 hr of

5.8.1 Startup. Background fieim each sensor §
recorded during initial startup of the systen
installed system recording capability. The data g
maintained in a retrieyable format (e.g., disk, m
tape). It is recommended that monitoring and re
be done both dufing hot standby and within 10
reaching full-power operation.

5.8.2 Each' Shift. With initiation of reactor ¢oolant
flow, perform the following:

(a)*Verify that the LPM power is on.

{b) Verify that the LPM is in a ready conditid
reécorder autostart enabled and inhibits off).

(c) Monitor sound from all active sensors. Each ¢hannel
should be monitored for at least 30 sec. Noise conyidered

to be anomalous should be documented and evajuated.

n (e.g,

5.8.3 Each Week. With the reactor in hot stay
power operation, perform the following:

(a) ldentify and document the channels that ar
actively monitored.

(b) Monitor sound from all active sensors. Each
should be monitored for approximately 30 sed
considered to be anomalous should be docury
and evaluated.

(c) Document the status of user controllable se
(e.g., gains and filters) and verify that the switch s
are as intended.

(d) Measure and document the background
each active channel using front panel test po
meters, if provided

dby or
e being
hannel

Noise

hented

tpoints
ettings

evel of
ints or

should be investigated and corrective action taken.

5.7 Heat-Up and Cool-Down Monitoring

During plant heat-up and cool-down, RCS noises
different from those during normal operation will be
present. It is also a period of time during which the prob-
ability of a loose part is greater than normal. Therefore,
during plant transient operation it is recommended that
the following actions be considered:

(a) Audibly monitor noises during RCP startsand stops.
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(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:

(a) Perform the weekly test for all channels, both active
and passive (if present).
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(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 compar-
ison should include spectral response in the range of the
RCP blade-passing frequency, known structural reso-
nances, broadband flow noise, and accelerometer-
mounted resonance.

DIVISION 2, Part 12

(f) Log the signal conditioner gain or range for the
signals recorded if not provided automatically by the

system.

(g) Note the time of day, the plant condition, and any

significant plant operating changes that occu
the alarm.

rred before

5.9.3 Diagnostics. LPM alarms that are indicative of
metallic impacting shall be further evaluated by appro-
priate personnel. The objectives of diagnostic evaluation

are-to
er((;i)] erify the performance of the installed LPM record- (a) verify LPM channel operability
(e) Measure and document the voltage or current (b) estimate the location of the metallit'in

suppligd to each remote charge converter. Adjust the
voltagp or current supply if recommended by the
vendor] and document any changes made.

5.8.3 Each Fuel Cycle

(a) At each refueling outage, any degradation of LPM
compopents shall be evaluated and documented. The
evaluation should be based on the following:

(1) trends in charge converter supply voltage or

(2) variations in the quarterly spectral data that may
be indi¢ative of change in the overall response of a channel

(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 corrective
action faken if appropriate.

(b) As an outage item to be performed immediately
prior fo heatup, validate the operability of each
channel by performing an impact test(s)..The impactloca-
tion(s)[shall be consistent with the requirements set forth
in para| 5.5.3. A single mass in the 3\b/to 51b (1.4 kg to 2.3
kg) rarjge as specified in para, 5.5.4 is recommended.

5.9 Alarm Response and /Diagnostics

5.9.1 General. Actions-should be taken to determine if
the alafm has beencaused by an actualloose partand what
the dapnage poténtial may be. Data in the form of plots,
graphs| and amplitudes should be labeled and scaled in
units cpnsistent with those in para. 5.5.5.

on consideration of delay time, amplitude, and
(c) estimate impact energy based,on initial
data
(d) estimate impact masS¢based on the b
data and measured signalproperties includin
and frequency content
(e) review plant process data for anomalo
(f) review diagnestic results with plant op
sonnel

5.9.4 Background Changes and Setpo
ments. Alarm diagnostics may indicate a
plantbackground characteristics rather than t
of\a‘loose part. When this process occurs, the
rate may in time increase to an unacceptable I¢
ments are permitted, but the threshold s
increased without investigating the reag
change in the background. Any change ij
shall be entered in the system documentatid

6 DOCUMENTATION

The LPM operator shall maintain system
tion containing accurate and complete inform
nent to the system, its calibration, and
information that would affect measurements
and calculations made during data analysis. Th
tation shall also include the information n
quickly locate a particular sensor, charge c(
cable junction for maintenance, calibration, or
As a minimum, the following shall be includ

(a) vendor manuals and calibration data.

hpact based
'wave shape
impact test

hseline test
b amplitude

lis behavior
bration per-

nt Adjust-
change in
he presence
LPM alarm
vel. Adjust-
hall not be
on for the
I setpoints
n.

locumenta-
ation perti-
any other
judgments,
e documen-
pcessary to
nverter, or
diagnostics.
pd:

(b) as-built field drawings. Electrical dra

ings shall

include cabling and conduit drawings detailing penetra-

Dl ry 4 Lhall H
—Plantproceduresshal-require
operator response to all LPM alarms. Initial alarm
response shall include the following:

(a) Verify that automatic data recording was initiated.

(b) ldentify and document the unit/channel(s)
alarming.

(c) Reset the LPM.

(d) Listen to all channels.

(e) If the alarm cannot be reset or recurs within 5 min,
notify the shift supervisor.
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tions, conduit routing, and junction box locations. Mechan-
ical drawings shall include sensor locations, sensor mount
fabrication drawings, and charge converter/preamplifier
locations.

(c) installed (in-containment) component identifica-
tion to include the device model and serial numbers
and types and lengths of cable used between the acceler-
ometer and the charge converter.
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(d) complete photographic documentation of the (e) the results of and procedures for all tests required
sensor and charge converter installation (ALARA and by this document.
safety considerations may preclude this requirement in
some existing systems).
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Part 16
Performance Testing and Monitoring of Standby Diesel

Generator Systems in Water-Cooled Reactor Nuclear Power
Plants

1 INTRODUCTION

1.1 Scope

This Par
testing and
of certain d

establishes the requirements for inservice
inspection to assess the operational readiness
iesel drive assemblies used in water-cooled
reactor nucjear power plants. The diesel drive assemblies
covered ardg those required to perform a specific function
in shutting glown a reactor to the safe shutdown condition,
in maintairling the safe shutdown condition, or in miti-
gating the gonsequences of an accident. This Part estab-
lishes inspection requirements, parameters to be
measured gnd evaluated, and record requirements.

1.2 Purpose

This Partjprovides guidance on the performance of peri-
odic testingto demonstrate the operational readinessofa
standby diesel generator. In addition, material condition
monitoring|methodologies, e.g., engine component oper-
ating parammeters trending, engine analysis,\ibration
analysis, lfibe oil analysis, fuel oil analysis, cooling
water analysis, and thermography, should’also be consid-
ered for agsessing the health of-thel diesel generator
system. Singe all diesel generatorsystems are notidentical
in design, there may be variatiohs to specific recommen-
dations in this document. This Part covers both pre- and
post-2000 plants.

1.3 Risk-I

This Parf covers both safety-related and non-safety-
related diegel generator systems. Owners must categorize

nformed Analysis

1.4 Subsystems Included Within the Diesel
Generator Boundary

Figure 1 provides the simplified boundary for the diesel
engine and associated subsystems covered by thiis Part.
Since there are varieties of diesel makes, sizes, gpplica-
tions, etc., each owner/Operator must make the final des-
ignation of the applieable diesel generator and subsystem
boundary. As theengine cannot be tested independgently of
the generator, the owner/operator must consigler the
effects of inservice testing on the entire system (the
diesel engine and the associated subsystems).

Typical principal equipment for associated
generator subsystems identified in Figure 1° ar
below for owner/operator considerations in the develop-
ment of a preventive maintenance program. The pwner/
operator established standby diesel generator ainte-
nance program should account for site-specific and rele-
vant industry operating experience, and be corlsistent
with the recommended periodic maintenance| of the
manufacturer or as developed by the respectivg diesel
engine owners group.

diesel
b listed

1.4.1 Engine. Equipment includes (where applicable)
the following:
(a) crankcase
(b) crankshaft and bearings
(c) power assemblies
(d) valve gear
(e) camshafts and bearings
(f) damper
(g) gear trains
(h) flywheel

each diesel generator system according to its safety signif-
icance using the ASME-approved risk-informed metho-
dology or other risk ranking methodologies accepted
by the regulator with the conditions in the applicable
safety evaluations.?

! The prescribed tests in this Part are consistent with the requirements
specified in U.S. NRC Regulatory Guide 1.9, Revision 4 and IEEE 387-1995
(reaffirmed September 2007), Section 7.4, “Periodic Testing.”

2For U.S. plants, the implementation of Code Case OMN-3 included the
conditions discussed in Regulatory Guide 1.192.

194

1.4.2 Lubrication Subsystem. Equipment includes
(where applicable) the following:

3 Figure 1 is a system boundary diagram that shows the components of
the diesel generator system. This is similar to the system boundary iden-
tified by U.S. NRC Regulatory Guide 1.9, Revision 3 and Revision 4,
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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Figure 1 Boundary and Support Systems of Emergency Diesel Generator Systems
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Electric Class 1E AC
power distribution system
Emergency diesel generator system boundary
B bbbl T | |
1
EDG 1
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protection system control system system :
system ‘t 7y :
| R Y \ '
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system 1
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A A A A !
Cooling air Exciter and :
and ventilation . . : voltage h
system Starting Cqmbustlon Fuel oil regulator systen |
system air system Jacket water ytem !
and supply and cooling T i
water system Fuel oil '
storage and '
supply 1
1

(a)

lube oil sump and makeup tank
(b) s
(c) ¢

uction strainers and foot valves
ischarge strainers

(d) filters

(e)

arrang

ransfer valves for dupleX filter and strainer
Pments

(f) pressure-regulating, relief, check, and thermostatic

valves

(9) s
(h)

(i) c
lube p

0) a

tandby heaters.dand ‘thermostat
ngine-driven-ube oil pumps

rculating (primary or backup) and prelube/post-
Imps

1 piping,*tubing, and associated components

(k) lube0il heat exchanger

() imstrnmentation and controls

(m)

Cooling water
supply system

(g) jacket water and intercooler pumps
standby)

(h) thermostatic valves, check valves, and 1

(i) standpipes and overflow, pressure cap,
tors, and expansion tanks

(j) piping, tubing, and associated compon

(k) instrumentation and controls

() flexible hoses

1.4.4 Starting Subsystem. Equipmentincly
applicable) the following:

(a) batteries/charging systems

(b) electric/pneumatic start motors

(c) air compressors

(d) air receivers; relief, check, and air-sta

—_————

primary or

lock valves
evel indica-

bnts

Ides (where

rt solenoid

flexible hoses

1.4.3 Jacket Water and Intercooler Subsystem. Equip-
ment includes (where applicable) the following:

(a) jacket water heat exchanger

(b) intercooler systems

(c) radiators and associated fan(s)

(d) governor oil heat exchanger

(e) standby heater and associated thermostat

(f) keep-warm water pump

valves; and piping, tubing, and associated co

mponents

(e) pressure-reducing valves, shuttle valves, block
valves, check valves, and pressure regulators

(f) air dryers, strainers, filters, compressor, intercoo-
lersand aftercoolers, and air dryer associated components

(g) air-start distributors and associated air injection

valves
(h) instrumentation and controls
(i) flexible hoses

195
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1.4.5 Combustion Air Intake Subsystem. Equipment
includes (where applicable) the following:

(a) intake air filter

(b) intake air silencer

(c) intake air manifold and all piping, tubing, ductwork,
and associated components

(d) mechanical blowers, superchargers, and scaven-
ging pumps

(e) turbocharger (compressor)

(f) intercooler

ASME OM-2020

(c) electric governor, speed sensor, and electromecha-
nical interface

(d) engine fuel pump control linkage

(e) electronic fuel injection control

(f) overspeed trip

(g) instrumentation and controls

1.4.10 Generator Subsystem. Equipment includes
(where applicable) the following:
(a) coupling to diesel engine

(b)) cgenerator fincluding strin heaters)
LS A = \S O r J

(g) instriimentation and controls (c) protective shutdown system
(h) turbgboostsystem (nozzles, hoses, solenoid valves, b . y
air receivet, and compressor) (d) instrumentation and controls
1.4.6 ExhaustSubsystem. Equipmentincludes (where 1'.4'11 Ve.ntllatlon System an.d Cooling Subsy;tem.
applicable)|the following: Equipment includes (where applicablej the following:
(a) turbgcharger (turbine) ?Zj Ealrtlirzm d motors
(b) exhajist silencer and spark arrestor
(c) exhalst relief valve and stack (c) vents, dampers, actuaters, louvers, and dufts
(d) exhapst manifold, piping, ductwork, connectors, (d) instrumentation andftontrols
bellows, joints, and associated components 1.4.12 Exciter and Voltage Regulator Subsystem.
(e) instrimentation and controls Equipment includes{where applicable) the following:
1.4.7 Fuel Oil Subsystem. Equipment includes (where (a) generatot exCiter
applicable)|the following: (b) voltage xegulator system
(a) fuel il storage tan.k(s) (c) generator/exciter electrical connections
(b) fuel ¢il transfer pump(s), motor(s), and automatic (d) QU instrumentation and controls
transfer valve(s 1.4.13 Control and Protection Subsystem. Equipment
Y
(c) day thnk(s) inicludes (where applicable) the following:
d) straipers and filters a) devices for automatic and manual startin
8
(e) booster pump(s) and associated drive belt(s) (b) devices for load shedding
presqure-regulating, relief, check, transfer, and c) synchronizing equipment
8 g y g
block valves (d) fast transfer switches
(g) fuel ¢il headers, supply and return (e) DC power supplies dedicated to the diesel|lengine
hiéﬁ?pi‘éi:I;Leicrtl;zrcltﬁ;rntzi'iigray nozzles, injectors, and 1.4.14 Diesel Generator Output Breaker. Equiipment
(i) fuel dontrol and shutdown systef includes (where applicable) the following:
(i) piping, tubing, and associated’components (a) output breaker and associated relays (components
(k) instr ;'mentati’on and contréls may not be located in the output breaker panel)
(1) flexible hoses (b) control switches and auxiliary contact
1.4.8 Crankcase Ventilation Subsystem. Equipment 1.5 Definitions
includes (w hgre applicgels] the following: These definitions are provided to ensure a yniform
(@ ver_lt P1pe understanding of selected terms used in this Part.
(b) relief doors ‘and valves ) ) ) Several additional terms, often not well-defingd else-
_(C] cranl: case vent'fan, EduCt(,)r' and pump, including ol where, are included to help provide uniformity and
mist separgtor-and oil return line clarity to the nuclear power industry’s use of these

(d) crankcase and sump vent system

(e) piping, tubing, and associated components
(f) instrumentation and controls

(g) flexible hoses

1.4.9 Governor and Control Subsystem. Equipment
includes (where applicable) the following:

(a) mechanical-hydraulic governor, including asso-
ciated linkages to fuel racks, hydraulic fluid, piping,
tubing, and associated components

(b) pneumatic, hydraulic, or electric governor booster
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terms as they relate to the testing and maintenance of
diesel generator systems.

abnormal condition: an engine condition defined by situa-
tions and applications as outside acceptable parameters,
as defined by the manufacturer and users.

bar engine over: the act of rotating the engine slowly for
maintenance or inspection purposes.

barring device: an arrangement that provides for the slow
rotation of the engine.
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blowdown: the act of blowing moisture and/or oil accu-
mulation from the engine cylinders through opened cyl-
inder petcocks. Also applies to blowing moisture from the
starting air receivers and air system.

continuous load/rating: the power output capability that
the diesel generator can operate for a period of time, as
specified by the manufacturer, with only scheduled
outages for maintenance.

cranking: the act of using external power sources (elec-

DIVISION 2, Part 16

systems, and additional tests as recommended by the
manufacturer.

2.2 Pre-Start Checks

The owner/operator shall perform pre-start checks to
provide reasonable assurance that the diesel generator
will start and operate as designed without incurring
equipment damage. These checks include engine fluid
levels, engine pre-lube and keep-warm systems, governor
control settings and oil level, starting air system pressure

tricity T-air pressur c) tocausethe cusiuc,a crankshaftto - - . )
rotate without the engine sustaining operation with its and.hne-up, generator pearlng oillevel, Vlsuj’il‘ eak FheCkS'
own cdmbustion and before the engine provides useful engine bar over if applicable, and thoseadditipnal inspec-
work. tions as recommended by the manufacturer,
diesel drives: the assembly or aggregate of assemblies of

_ y T 28816 ; 3 TESTING
one or{more single or multiple diesel engines used as
prime Movers. 3.1 Post-Maintenance/Baseline Testing
equilibfium temperature: the condition at which the diesel . .

.. . The owner/operator’shall perform testing| post-main-
engine|jacket water and lube oil temperatures are both ; ) . .

o o o . tenance on inserviee.engines that is above §nd beyond
within [#10°F (5.5°C) of the normal operating tempera- . o
. . those normal thaintenance-related tests specified by
tures efstablished by the engine manufacturer. . )

1 ' - . _ the diesel eagine manufacturer. These tegqts shall be
excessiyevibration: a condition during operationwherean  performed‘to demonstrate the starting and pperational
enginef or its component parts, vibrates more than is  3dequacy of the overall diesel generator unif. Note that
generally accepted and where a condition exists that is  the reliability tests for newly installed diesdl generator
exceed|ng the acceptance criteria. sets\described in IEEE 387-1995 (reaffirmed| September
keep-wprm system: system(s) that maintains jacket water, ~ ,2007), Section 7.3, “Pre-operational Testing,” do not apply
fuel oil, and/or lube oil temperatures at warm standby (7, Since new unit reliability will have been g¢stablished
values frecommended by the engine manufacturer. during initial type qualification testing. Spction 4 of

. . ) . . ) this Part lists the data that should be congidered for
major naintenance: corrective maintenance associated i K i
. J . engines that have had major maintenance pg¢rformed.
with disassembly and reassembly of engine components ° - . i
« . e . Post-maintenance testing (PMT) is to verjfy that the
as part/of an “open and inspect” maintenancg practice. It . i . 1.
. . . diesel generator is capable of performing ifs intended
also applies to the maintenance that returns the diesel . i .

. . . function and to establish new performang¢e baseline
engingd to operating status following an abnormal : .

X . data where appropriate. PMT establishes current opera-
event. Examples of such an event are crankcase explosion . . .

. - tional readiness and provides reasonable agsurance of
and pigton-rod ejection. s o )

' . ' function in the future. Verification that a dies¢l generator
maximym available load: the ameunt of load that is prac- is capable of performing its intended functjon may be
tical for applying to the dieseljengine for testing purposes accomplished by verifying that the applicable|plant Tech-
onan igolated bus.- The max1mum.ava11ab1e logd may b? at  npical Specification surveillance tests are refperformed
or below the continugus-load rating of the diesel engine. after the maintenance activity. The owner /joperator is
standby condition;theCondition at which the diesel engine required to establish the appropriate conditions to test
jacket yvater, fuel oil, and lube oil systems are maintained a component to establish operability followjng mainte-
by the [keep-watm system within the range of tempera- nance.
tures efstablished by the engine manufacturer. The design function of the maintained domponent,

potential failure modes (e g failure to pumplelectrically

2 NONOPERATING CHECKS

2.1 Post-Maintenance Checks

The owner/operator shall perform an initial check of
the engine components and subsystems to provide
reasonable assurance that the overall diesel generator
unit will operate as designed. This check includes
flushes, hydrostatic tests (if required following major
repair/replacement activities) of fluid systems, visual
checks, functional tests of support components and
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operate), and conditions that may lead to a failure (e.g.,
vibration, operational cycles) must be considered when
establishing the scope of the functional testing/PMT
and the run duration. The diesel generator PMT run dura-
tion should be established based on the need to challenge
components replaced or repaired during maintenance.
Extended run duration is generally not effective in
detecting fatigue-related failure mechanisms based on
the low forcing function frequencies associated with
diesel generator running speed. Once thermal equilibrium
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has been reached, extended runs don’t provide signifi-
cantly more confidence that a failure won’t occur
during a subsequent run. Additionally, electrical compo-
nents tend to fail during transients associated with
changes of state.

3.1.1 General Testing Guidance for Diesel Generator
Components

3.1.1.1 General Mechanical Components. Typically
all mechanical components should be subjected to a

ASME OM-2020

3.1.1.5 Voltage Regulator. The voltage regulator
affects both transient and steady-state control of the
generator output. As a minimum, a fast-start test (see
para. 3.2.3), a load-run test (see para. 3.2.2), a margin
test (at 110% of continuous rating), and a transient
response test designed to demonstrate the new compo-
nent’s dynamic response characteristics should be
performed. Test data should be compared to historical
data, and new baselines established as applicable. Consid-
eration should be given to performing aload rejection test

load-run te§t (see para. 3.2.ZJ as a PMT, where the appro- (see para. 3.2.8), an SIAS and LOOP test (see paral 3.2.6),
priate operpting parameters should be validated against and/or a largest load rejection test (see para.’3|2.7) as
vendor-rechmmended limits as well as historical oper- conditions permit or where small test\acceptance
ating data] Leak checks and vibrational checks (see margins exist.
para. 5.2) should be performed as appropriate. 3.1.1.6 Generator. The generator)has a diredt effect
3.1.1.2| Major Engine Components. These compo- on both transient and steady-state loads on thq diesel
nents have|a direct effect on horsepower output (e.g., generator. As a minimum, a“fast-start test (sep para.
pistons, cohnecting rods, crankshafts, cylinder assem- 3.2.3), a load-run test (see para. 3.2.2), a margin test
blies, headls, cams, injectors, turbochargers, gear (at 110% of continuous ¥ating), and a transient rgsponse
trains). Ag horsepower impacts both transient and test designed to demeonstrate the new compg¢nent’s
steady-statp loading, a slow-start (see para. 3.2.1) ora  dynamic response~characteristics should be performed.

fast-start t
run test (s

bst (see para. 3.2.3) as appropriate, a load-
be para. 3.2.2), as well as a margin test (at
110% of cpntinuous rating) should be performed to
ensure rated horsepower is obtained. Additionally,
engine andlysis (see para. 5.1) should be performed.
These testsshould be performed in addition to any manu-
facturer-re¢ommended break-in runs.

3.1.1.3
component
generator
valves, air
A fast-start
to ensure
frequency
be comparsé

3.1.14
Control. Th|

Active Starting System Components. These
s change state in order to start the diesel
(e.g., solenoid valves, pressure-regulating
tontrol valves, check valves, starting ‘motor).
test (see para. 3.2.3) should betperformed
that the diesel generator reaches rated
hnd voltage as designed. Testtimes should
d to historical data.

Engine Governor or-Electronic Fuel Injection
e governor or electronic fuel injection control
affect both [transient and steady-state control of engine
load and speed. As a minimum, a slow-start (see para.
3.2.1) or a fast-start tést*(see para. 3.2.3) as appropriate,
aload-run test (seépara. 3.2.2), a margin test (at 110% of
continuousjrating)yand a transient response test designed
to demonstfrate-the new component’s dynamic response

Test data should be compared to historical dafa, and
new baselines\established as applicable. Considpration
should be*given to performing a load-rejectipn test
(see para: 3.2.8), an SIAS and LOOP test (se¢ para.
3.2.6)and/or a largest-load rejection test (seg para.
3.2.7) as conditions permit or where small test acc¢ptance
margins exist.

3.1.1.7 Other Diesel Generator Controls
controls may include various relays and pro
trips. The specific function of the control must be
ered in determining the appropriate PMT. Contro
ciated with starting the diesel generator shd
subjected to a slow-start (see para. 3.2.1) or
start test (see para. 3.2.3) as appropriate. Controls asso-
ciated with the governor or voltage regulator shpuld be
subjected to the appropriate loading or transient tests
based on their function. An overspeed trip test|should
be performed when components associated with the over-
speed trip are disturbed or replaced. Testing of pratective
trips should take into account the function of the trip
during design conditions.

Other
fective
consid-
S asso-
uld be
a fast-

3.2 Periodic Tests

characteristics should be performed. Test data should be
compared to historical data, and new baselines estab-
lished as applicable. Consideration should be given to
performing a load rejection test (see para. 3.2.8), an
SIAS and LOOP test (see para. 3.2.6), and/or a largest-
load rejection test (see para. 3.2.7) as conditions
permit or where small test acceptance margins exist. A
leak check should be performed on governor actuators
and associated components as applicable.
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Performance ol periodic diesel generator tests and
monitoring operating parameters provide the owner/
operator with an immediate determination of the
engine performance and material condition. The
owner/operator shall perform periodic tests in accor-
dance with plant procedures. The periodic testing
frequencies identified in this Part are recommendations.
They are identified as a matter of convenience for the
monitoring of operating parameters and to coincide
with plant testing programs.
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Table 1 Periodic Tests

Periodicity
Monthly Quarterly 6 Months 18-24 Months 10 Years
Ref. Tests Cl. 1IE Non-1E ClL. 1E Non-1E ClL. 1E Non-1E Cl 1E Non-1E Cl. 1IE Non-1E
3.21 Slow start X X
3.2.2 Load run X X
3.2.3 Fast start X NA
3.24 LOOP X As req.
3.2.5 SIAS X NA
3.2.6 SIAS and LOOP X NA
3.2.7 Largest-load rejection X X
3.2.8 Design-load rejection X X
3.29 Endurance and load margin X X
3.2.10 Hot restart X X
3.2.11 Synchronizing X X
3.2.12 Protective trip bypass X As req.
3.2.13 Test mode override X As req.
3.2.14 Independence X As req.
Tablg 1 states the periodicity of when the tests in paras. of a diesel generator during this test should be gradual and
3.2.1 through 3.2.14 should be performed. Class 1E is based on a prescribed schedule that is selected to mini-
safety-felated systems and Non-1E is non-safety-related. mize stress and wear on the diesel generatgr. This is a
3.2.1 Stow-Start Test functional .tesF .Of engine. and system compponents to
assure reliability. Testing may be perfdqrmed at a
Class Test Frequency nominal power factor suitable to the grid dondition at
Safety-r¢lated system Monthly: the time of the test.
Non-safgty-related system Quarterly 3.2.3 Fast-Start Test
This|test demonstrates proper startup from standby Class Test Frequency
conditipns and verifies that the required design voltage Safety-related system Every 6 months
and frequency are attained~The diesel generator Non-safety-related system Not applicable (NA)
should|reach rated speed oma prescribed schedule to
minimjze stress and weat. This is a functional test to This test demonstrates proper startup fr¢m standby
verify proper operationReducing the number of starts .., 4itions and verifies that the required degign voltage
for a gon-safety-related system will reduce engine ;4 frequency are attained. The acceptance|criteria for
wear. llowever, extending test frequency beyond quar-  g.equency and voltage should be equal to|or greater
terly will furthersreduce oil retention on component than the minimum required voltage and|frequency
wear Jurfaeesiand increase oxidation on electrical within the specified time allowance for fhe safety-
contact surfaces.

3.2.2 Load-Run Test

Class Test Frequency
Safety-related system Monthly
Non-safety-related system Quarterly

This test demonstrates 90% to 100% of the continuous
rating of the diesel generator for an interval of not less
than 1 hr and until attainment of temperature equilibrium.
This test may be accomplished by synchronizing the
generator with offsite power. The loading and unloading
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related loads. Consider defining normal st

preclude preconditioning debates.
3.2.4 Loss-of-Offsite Power (LOOP) Test

Class Test Frequency

Safety-related Every refueling cycle

system

Non-safety-related Every refueling cycle or every 24 months, if part
system of design feature
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(a) Safety-Related System. This test simulates the
safety-related diesel generator response to a LOOP to
demonstrate that

(1) the emergency buses are de-energized and the
loads are shed from the emergency buses

(2) the diesel generator starts on the auto-start
signal from its standby conditions; attains the required
voltage and frequency, and energizes permanently
connected loads within acceptable limits and time; ener-
gizes all auto-connected shutdown loads through the load

ASME OM-2020

3.2.7 Largest-Load Rejection Test

Class Test Frequency

Safety-related system Every refueling cycle

Non-safety-related system Every refueling cycle or every 24 months

This test demonstrates the diesel generator’s capability
torejectaload equal to loss of the largest single load while
operating at its design load power factor, and verifies that
the frequency and voltage requirements are met and the

sequencer; pnd operates for greater than or equal to 5 min
If the rlequired safety loads are not available, one or
more equivialent loads may be used.

(b) Non-Safety-Related System. If the plant design
incorporatgs LOOP response for the non-safety-related
diesels, thig test simulates the non-safety-related diesel
response tq a LOOP to demonstrate that

(1) th¢busesare de-energized and theloads are shed
from the byises

(2) thg diesel generator starts on the auto-start
signal from| its standby conditions; attains the required
voltage and frequency, and energizes permanently
connected loads within acceptable limits and time; ener-
gizes all afito-connected loads and sequenced loads
through thp load sequencer, if required; and operates
for greater [than or equal to 5 min

If the required loads are not available, one or more
equivalent Joads may be used.

3.2.5 Safety Injection Actuation Signal (SIAS) Test

Class Test Frequency

Safety-related
Non-safety-re

Every refueling cycle
Not applicable (NA)

system

ated system

This test
generator
standby co
within acc
minimum d

demonstrates that on ansSIAS, the diesel
starts on the auto-start.Signal from its
nditions, attains the ffequency and voltage
bptable limits and €ime€, and operates for a
f 5 min.

3.2.6 SIAS and LOOP. Test

Class Test Frequency

Safety-related
Non-safety-re

Every refueling cycle
Not applicable (NA)

systen
ated-system

unit will not trip on overspeed. This test challenges the
ability of the engine governor (or electronic faelitjjection
control) and generator voltage regulator te*maintain the
remaining connected loads. For a non-safety-related
system, the test could be perforpred at unity|power
factor to reduce stresses on the,generator syster.

3.2.8 Design-Load Rejection Test

Class Test Frequency

Safety-related system Every refueling cycle

Non-safety-related system Every refueling cycle or every 24 months

This test demionstrates the diesel generator’s ca
to reject a lodd, equal to 90% to 100% of the con
rating.and equal to or greater than 100% of the|design
load, while operating at its design-load power|factor,
and+verifies that the voltage requirements are met and
that the unit will not trip on overspeed. This test chal-
lenges the ability of the engine governor (or elgctronic
fuel injection control) to recover to rated|speed
without actuating the overspeed trip. For a nonjsafety-
related system, the test could be performed aft unity
power factor to reduce stresses on the generator $ystem.

bability
inuous

3.2.9 Endurance and Load Margin Test

Class Test Frequency

Safety-related system Every refueling cycle

Non-safety-related system Every refueling cycle or every 24 months

diesel
power
Of this

This test demonstrates the capability of the
generator at continuous rating and worst-case
factor for an interval of not less than 24 hr.
period, 2 hr or more should be at a load equal to
105% to 110% of the diesel generator’s contfinuous

This test demonstrates that the diesel generator can
satisfactorily respond to a LOOP in conjunction with
SIAS by verifying that the unit starts on the auto-start
signal from its standby conditions, attains the frequency
and voltage within acceptable limits and time, energizes
the auto-connected shutdown loads through the load
sequencer within the acceptable limits of pump start
time, and operates for a minimum of 5 min.
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rating, and 22 hr or the remaining hours should be at
aload equal to 90% to 100% of the generator’s continuous
rating. The test process should verify that frequency and
voltage requirements are maintained. This test is to
demonstrate the diesel generator’s capability to carry
load for an extended run. For a non-safety-related
system, the test could be run at continuous rating of
the diesel generator for no less than 8 hr at rated
power factor. The 8-hr duration is consistent with
IEEE 387-1995 (reaffirmed September 2007).
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3.2.10 Hot Restart Test

Class Test Frequency

Safety-related system Every refueling cycle

Non-safety-related system Every refueling cycle or every 24 months

This test demonstrates the hot restart functional
capability at full load-temperature conditions (after the
diesel generator has operated for 2 hr at continuous
rating) by verifying that the diesel generator starts on

DIVISION 2, Part 16

This test demonstrates that with the diesel generator
operating in the test mode while connected to its bus, a
simulated safety injection signal overrides the test mode
by

(a) returning the diesel generator to standby opera-
tions

(b) automatically realigning the emergency loads to
offsite power

3.2.14 Independence Test

a manpal or auto-start signal, attains the required
frequepncy and voltage within acceptable limits and
time, gnd operates for longer than 5 min. This test
may b¢ performed following the endurance and load
margin/test described above. The intent is to demonstrate
that the diesel generator is capable of restarting after a
normally scheduled surveillance run, i.e., the diesel
generaltor is “hot” rather than in the normal standby
tempernature range.

d

3.2.11 Synchronizing Test

Class Test Frequency

Safety-r¢lated system Every refueling cycle

Non-safdty-related system Every refueling cycle or every 24 months
The fest demonstrates the ability to

(a) gynchronize the diesel generator unit with offsite
power [while the unit is connected to the emergency load

(b) transfer this load to the offsite power

(c) ipolate the diesel generator unit

(d) 1festore the diesel generator unit to standby’ status

3.2.12 Protective Trip Bypass Test

Class Test Frequency

Safety-rglated system Every refueling.cycle

Non-safty-related system Every refueling cycle or every 24

months, if part of design feature

This
unit tr
oversy
those
bypass|
protec

test demonstrates that automatic diesel generator
ps are bypassed as designed. Typically, engine
eed, genérator differential current trip, and
Erips retained with coincident logic are not
ed. (This test should also verify that the critical
fivie~trips that are not automatically bypassed

Class Test Freguency
Safety-related system Every 10 yr
Non-safety-related system Every,10 jyr if required

This test demonstrates that'by starting ajnd running
(unloaded) redundant units.simultaneously, potential
common failure modes.that may be undetected in
single diesel generatoryunit tests do not occtir.

3.3 Other Testing Guidelines

Subsequentto placing a diesel generator in
a nuclearpower plant, the system shall be tes
cally to.demonstrate that the capability, avai
reliability to perform its design function is acc
fellowing guidelines apply:

(a) Some ofthe periodic tests may be combi
necessarily performed individually.

(b) The tests do not necessarily have to
standby conditions unless specified.

(c) All diesel generator protective trips
should be in operation during the testing.

(d) Periodic testing of the diesel generator
not impair the capability of the unit to meet its|
design requirements in the event of an actual
gency.

(e) All tests should be performed in accoydance with
the manufacturer’s recommendations fof reducing
diesel engine wear, including the prelubing of the
engine, post-test cool down, and post-test lubrication.

(f) The periodic testing should involve operation of the
diesel engine for a minimum of 1 hr after the pquilibrium
(jacket water and lube oil) temperatures|have been
reached or as specified by the plant Technical Specifica-
tions.

o service at
ted periodi-
ability, and
eptable. The

ned and not
begin from
and alarms
unit should

functional/
plant emer-

perform thelr intended function.

3.2.13 Test Mode Override Test

Class Test Frequency

Safety-related system Every refueling cycle

Non-safety-related system Every refueling cycle or every 24
months, if part of design feature
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4 INSERVICE MONITORING OF COMPONENT
OPERATING AND STANDBY CONDITIONS

The diesel generator and supporting components are
operated periodically during normal engine operational
surveillance testing. System performance data should
be monitored and trended to eliminate additional
testing for individual components. The environment
that exists during the periodic engine operation is indi-
cative of engine room conditions during extended
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engine operation. These conditions ensure that adequate
demands are being placed on the equipment, so that oper-
ating data/information gathered is a valid indicator of
component performance, and long-term degradation of
the diesel generator can be identified and corrected.
Given below are the diesel generator subsystem compo-
nents and the parameters to be monitored as applicable to
station requirement/design for the standby diesel
generator system.

Engine operating data should be recorded with the

ASME OM-2020

4.3 Jacket Water and Intercooler Subsystem

(a) Standby Condition Monitoring Parameters

(1) system visual inspection for external cooling
water leaks/degradation

(2) radiator/fan visual inspection for degradation

(3) jacket water keep-warm temperature

(4) jacket water keep-warm pressure

(5) coolant level

(6) cooling water chemical analysis

i i T T fb—OperatiomatPerfornramceMonitoring—Paraneters
diesel engine running at rated load and stabilized at t 11 4 i jl k g g leak
normal opgrating temperatures. In many cases, a sub- q (d) system visual inspection for externalfliea s/
system and/or component’s performance can be moni- egradation

tored by mpre than one parameter. When a desired pa-
rameter is [not available, another accessible parameter
may be avajlable to satisfy the monitoring requirements.
Note that the operating range of each parameter may vary
between enjgine runs, depending on the operating condi-
tion, i.e., oJtside temperature and barometric pressure.
During an pndurance surveillance run, operating data
should be recorded at least hourly to provide the oppor-
tunity to detect emerging malfunctions. Operating data
recorded during engine surveillance runs should be
trended and evaluated, to monitor equipment health
and to identify declining performance or material condi-
tion.

4.1 Engin

(a) Stan
(1) en
(2) sk

(b) Ope
(1) en
(2) en
(3) en

dby Condition Monitoring Parameters

bine mounting bolts tightness

d mounting bolts tightness

fational Performance Monitoring Pardmeters
bine vibration

bine cylinder pressure

bine RPM

4.2 Lubric

(a) Stan

(1) sy
degradation

(2) engine and tutbe’lube oil sump levels
(3) lube oil analysis
(4) engine circulating lube oil pressure
(5) engineCirculating lube oil temperature

(b) Operational Performance Monitoring Parameters

tation Subsystem

dby Condition Monitoning Parameters
tem visual inspéction for external oil leaks/

(2) service water flow rate

(3) service water temperature

(4) jacket water temperature

(5) engine power output

(6) intake manifold temperature

(7) radiator water/air,in/out temperatures
(8) radiator fan vibtation

(9) jacket water, pump pressure

(10) intercoolerpump pressure

4.4 Starting:Subsystem

(a) Standby Condition Monitoring Parameters
(1).'system visual inspection for external aiy
degradation
(2) air compressor oil level
(3) air receiver blowdown
(4) air receiver pressure
(5) air start solenoid valve lubricator operat
oil level
(6) battery/charging systems alarms and lod
cations
(b) Operational Performance Monitoring Para
(1) system visual inspection for external aiy
degradation
(2) fast start test time
(3) compressor run times
(4) compressed air usage
(5) dryer operation
(6) dew point temperature of compressor/d
(7) electrical current consumption

leaks/

on and
al indi-

ineters
leaks/

ried air

4.5 Combustion Air Intake Subsystem

(1) system visual inspection for external oil leaks/
degradation

(2) engine lube oil in/out pressures

(3) turbocharger lube oil in/out pressures

(4) lube oil strainer in/out differential pressure

(5) lube oil filter in/out differential pressure

(6) engine lube oil in/out temperatures

(7) lube oil cooler in/out temperatures
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(a) Standby Condition Monitoring Parameters
(1) system visual inspection for external leaks/
degradation
(2) visual inspection of bird screens and louvers for
obstructions
(b) Operational Performance Monitoring Parameters
(1) air filter in/out differential pressure
(2) engine inlet air temperature
(3) intercooler in/out differential pressure
(4) mechanical blower outlet pressure
(5) scavenging pump outlet pressure
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(6) supercharger outlet pressure
(7) turbocharger outlet pressure

4.6 Exhaust Subsystem

(a) Standby Condition Monitoring Parameters
(1) system visual inspection for degradation
(2) visual inspection of wall/roof penetrations for
possible fire hazard
(b) Operational Performance Monitoring Parameters

(1

exhaust back pressure
+

DIVISION 2, Part 16

4.11 Ventilation and Cooling Subsystem

(a) Standby Condition Monitoring Parameters
(1) visual inspection of inlet louvers and screens for
blockage
(2) diesel room ambient air temperature
(b) Operational Performance Monitoring Parameters
(1) diesel room ambient air temperature
(2) fan vibration

Exciter and Voltage Regulator Subsystem

4.12

@
(3

4.7 Fyel Oil Subsystem

(a)
(1
leaks/(
(2]
quality|
&
(4

(b)
(1
leaks/(
(2]
(3]
(4]
(5]

4.8 Ci

(a)
(1
degrad

(b)
(1
degrad
(2]
4.9 Governor and Control Subsystem

(@)
(1

(b)
(1

cylinder exhaust temperatures
system visual inspection for degradation

Standby Condition Monitoring Parameters
system visual inspection for external fuel oil
egradation
owner-approved acceptance criteria for fuel oil
condition
open low-point drains and inspect for water
visual inspection for blockage of tank vents
Operational Performance Monitoring Parameters
system visual inspection for external fuel oil
egradation
fuel oil transfer pump flow rate
fuel oil transfer pump discharge pressure
on-engine fuel oil pump discharge pressure
strainer/filter in/out differential pressure

ankcase Ventilation Subsystem

Standby Condition Monitoring Parameters
system visual inspection for externhal leaks/
ption
Operational Performance Monitoring Parameters
system visual inspection_for external leaks/
ption
crankcase pressure

Standby Condition Monitoring Parameters
governor oil level

Operational Performance Monitoring Parameters
engine speed response during start and load

(a) Standby Condition Monitoring Paraindters
(1) none
(b) Operational Performance Manitoring |

(1) voltage response duripg\start and |

Parameters
ad

4.13 Control and Protection Subsysten

ters
(where ap-

(a) Standby Condition-Monitoring Paramd
(1) overspeed %rip mechanism position

plicable)
(b) Operatiohal Performance Monitoring |
(1) relay Yesponses

Parameters

4.14 Diesel Generator Output Breaker

(a)” Standby Condition Monitoring Paramdters
(1) breaker flag
(b) Operational Performance Monitoring |

(1) breaker operation

Parameters

5 OTHER CONDITION MONITORING ME
GUIDELINES

THODS/

5.1 Diesel Engine Analysis

Class Test Frequency

art of a
(CBM)

of major
lto reestablish

Safety-related
system

Perform every 24 months as a
condition-based maintenance
program and after completion
engine maintenance activities
baseline operating data

Non-safety-related Same as safety-related system
system

ctive toolin
M program

(a) General Diesel engine analysisis an effe
support of an inservice testing and/or a CB

4.10 Generator Subsystem

(a) Standby Condition Monitoring Parameters
(1) visually check air cooling ports
(2) strip heater operation
(b) Operational Performance Monitoring Parameters
(1) generator bearing vibration
(2) stator temperature
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because

(1) it provides the technical basis for developing a
performance-based maintenance program

(2) it detects certain degraded engine material con-
ditions or engine performance

(3) it provides the basis for engine tuning adjust-
ments to improve power balance

Diesel engine analysis involves recording specific
engine operating parameters during normal operation.
These engine operating parameters include engine cylin-
der pressure (both compression and firing pressure),
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vibration as recorded by accelerometers, and unusual
sounds as recorded by ultrasonic transducers. All three
readings are recorded as a function of crankshaft position
for each cylinder, fuel injection pump, and injector. Cyl-
inder pressure is analyzed for specific quantitative values
(peak pressure, firing pressure angle, cycle variation, etc.)
and profiles during operation. Certain known events
(intake and exhaust valve closing and opening, fuel injec-
tion) are reviewed to verify they occur at the proper
timing. Engine analysis is also used to balance and

ASME OM-2020

Vibratory motion can be described in terms of displace-
ment, velocity, or acceleration; all three are used in the
diagnoses of vibration problems. Vibration analyses on
engine, generator, generator bearing, pumps and
motors (circulating water pumps, circulating lube oil
pumps, turbo soakback oil pumps, fuel pumps, etc.)
should be performed while operating at steady state
and within normal operating temperature ranges.
Changes in vibration level can occur as a result of
changes in operating parameters, e.g., temperature, pres-

tune the enfgine to ensure the power from each cylinder
is nearly equivalent.

NOTE: Some|smaller non-safety-related diesel generators may
not have thg capability to collect and record engine cylinder
firing and c¢mpression pressures if they do not have Kiene
valve fittingg in the cylinder heads.

(b) Bengfits. Benefits realized from diesel engine
analysis, e4pecially as part of a CBM program, include
the following:

(1) Reduced Maintenance. Users of diesel engine
analysis experience reductions in maintenance costs by
eliminating|periodic engine tear downs and part replace-
ments. Thig is achieved by performing specific mainte-
nance and/or repairs required on selected components
identified by engine analysis rather than periodically
disassembling the entire machine and replacing compo-
nents unnefessarily.

(2) Intreased Reliability. Long-term reliability
increases by reducing failures of newly installed engine
componengs and identifying potential maintenance-
induced faijures.

(3) Indreased Availability. Reduced time required for
maintenande activities permits the plant to increase diesel
engine availlability.

(4) Prpblem Identification. Issues identified in the
past using pngine analysis include bent_connecting rod,
degraded ipjector/injection pumps;.cracked intake and
exhaust valves, collapsed valvedlifter, and degraded
engine timing. These types of preblems, when identified
early and cprrected, avoid/major engine failures.

5.2 Vibration Analysis

sure, and engine load.
In general, machinery vibration is complex and-donsists
of many frequencies. To make use of all the.inforjmation
embedded in the vibration signal, frequency analyses
should be performed to determine thexdominant fjequen-
cies and amplitudes. Vibration amplitudes that arelabnor-
mally high are often an indicdtion of an existing
mechanical problem that neéds‘identification and |correc-
tion. The composite amplitude and the amplityides at
discrete frequencies @t each measurement lgcation
should be trended for condition monitoring.
Frequency spectra obtained from measurement
on the engine afd generator structure will reve
frequency components at shaft speed originatin
unbalances,” misalignments, bent shaft, etc. Fre
compoiients originating from the gear mesh
gearbox are generally referred to as medium-fre
components. They correspond to rotational
times the number of teeth on the gear (gea
frequency). In this frequency range, indication
and incipient faults in a gearbox, eccentricity,
gear wheels, and misaligned gears will be fou
the gearbox wears, the amplitudes of the geal mesh
frequency and its harmonics will increase. Frefjuency
components originating from rolling element bearing inci-
pient faults are generally in a higher frequency range. A
crack on the inner race or the outer race will create small
impulses every time a roller element passes over if. These
impulses will excite the bearing housing at its hatural
frequency.
In general, the engine-generator structural and drive-
line natural frequencies, engine-generator forcing
frequencies, and gear meshing frequencies afe less

s made
al low-
g from
quency
in the
quency
speed
mesh
f wear
ineven
nd. As

Class Test Frequency than 500 Hz. Engine-generator vibration signafure up
Safety-related system Perform quarterly to 500 Hz should be measured and trended to monitor
Non—safety—x ated Systent Perfornr quar u::ll_y the phycirn] condition-ofthe nnginn_gnnnrnfnr yStem'

Machinery vibration is the response of the component
structural mass and stiffness combinations when
subjected to an excitation. A diesel engine produces
harmonic excitations as a function of combustion
forces, torque reactions, number of engine cylinders,
and cylinder firing order. Other factors influencing vibra-
tion include engine balance, generator balance, injector
timing, coupling alignment, condition of bearings, and
operating conditions.
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In the case of generator roller bearings, vibration signa-
ture up to 5,000 Hz or 10,000 Hz is necessary to track the
bearing condition.

The owner/operator should refer to the engine manu-
facturer recommended measurementlocations and allow-
able vibration guidelines. Measurements should be
recorded at rated speed during full-load operation. The
composite vibratory amplitude and the amplitudes of
significant frequency components should be trended
and compared to other similar installations.
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5.3 Lube Oil Analysis

Class Test Frequency

DIVISION 2, Part 16

5.4 Cooling Water Analysis

Class Test Frequency

Safety-related system Perform quarterly

Non-safety-related system Perform quarterly

Engine lubricating oil serves to reduce friction and
wear, cool engine parts, and protect against corrosion.
Periodic lube oil analysis is a valuable tool for evaluating
the condition of the oil and assessing material condition of

Safety-related system Perform quarterly

Non-safety-related system Perform quarterly

Engine jacket cooling water is circulated through the
engine cylinder liner and head to remove the heat gener-
ated during the combustion process. Since untreated
water accelerates corrosion of engine parts, a corrosion

the engine. Traces of wear metals in the lube oil can be

used t
analysi
toring.

Lubd
permat
oxidati
ture; i

identify accelerated component wear. Lube oil
s results should be trended for condition moni-

oil degradation includes oxidation, nitration,
hent viscosity change, and additive depletion. Oil
bn is often caused by excessive operating tempera-
increases oil viscosity and creates acids that

corro

e metals and cause wear. Nitration is often a

result ¢f improper combustion; it may result in grease-
like deposits. Permanent viscosity changes will affect
the shefr stability of the oil. Oil additives, i.e., dispersants,
antioxiflants, rust/corrosion inhibitors, and film-strength
agents|are consumed as oil ages in service. (Dispersants
are negded to suspend deposit-forming contaminants in
the oil Yintil they can be removed by the oil filter.) The total

base n
only fal
replace
line) m
may i
deplet
measu
the lub
or cont
Lubs¢
fuel, d
Combul
improjj
increa
engine
cause
Dirt ay

mber (TBN) is a key parameter (though not the
ctor) for determining whether the oil should be
d. TBN measures the total amount of basic (alka=
aterials present in the lube oil. Decreases in*TBN
dicate reduced acid-neutralizing capacity or
bd additive package. Total acid number (TAN)
es the total amount of acid product-present in
e oil. An increase in TAN indicates oil oxidation
amination with an acidic produgt.

oil contaminants include combustion products,
rt, wear metals, water{ and coolant additives.
stion products (soot, sulfur, etc.) are caused by
er combustion ondefective injectors; they will
ke oil viscosity,“form deposits, and corrode
parts. Fuel dilution will reduce oil viscosity and
piston/cylinder scuffing and bearing failures.
d dustiafe caused by inadequate air filtration

and ca
result f
it will

combining wi

leadito vital engine part damage. Water can
am.-eoolant leaks or low operating temperature;

th other contaminants.

The lube oil sampling procedure should specify the
requirement to collect a well-mixed oil sample, e.g.,
during engine operation (flowing sample), at the end
of or shortly after a surveillance run. The owner/operator
should consult the engine manufacturer to determine ac-
ceptable lube oil parameters for the specific diesel engine
being evaluated.
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inhibitor must be added to the jacket-cooling water. While

in service, the chemicals in the treated water
slowly as a function of the diesel engine’s d
order to monitor the effectiveness 6f.the treaf
preventing corrosion, jacket coolihg-water ana
be performed regularly and the analysis resul
trended.

5.5 Thermography

Class Test Freqy

ill deplete
ty cycle. In
ed water in
lysis should
's should be

fency

Safety-related _system Perform every 24

Non-safety:related system Perform every 24

The use of thermography has been a major
piédictive maintenance inspection program|
generators and associated electrical compor
mographic inspection refers to the nondestruy
ination of components through the imaging of
patterns at the object’s surface through th
infrared (IR) detector. The typical approach
graphic inspection is through the use of a
recording camera, in which the features of
naturally at a higher or lower temperature th
ground. A thermal imaging camera is a re
noncontact, nonintrusive instrument thaf
scan and show the temperature distributid
surfaces of machinery and electrical equipni
and accurately.

Thermography can reveal and measure hea
in machines and installations. It shows overheg
nents, and detects and can prevent breakdow

nonths

nonths

addition to
s for diesel
ents. Ther-
ctive exam-
the thermal
e use of an
to thermo-
passive IR
nterest are
n the back-
iable, safe,
is able to
n of entire
ent quickly

generation
ted compo-
ns. The first

principle of IR sensing is “many components heat up

before they fail.” Second, all objects emit therm
inthe IR spectrum thatis not seen by the huma

al radiation
h eye. Third,

calibrated to a temperature scale. This

gesthatare

noncontact

temperature data can be displayed on a monitor in
real time and can be sent to a digital storage device
for analysis. Measurement accuracy is typically £2°C.
IR cameras do not require lighting to produce their
images, and can see hot spots well before excessive
heat or loss of insulation leads to failure. For example,
transformer fluid leaks or internal insulation breakdown
cause overheating that leads to failures. Impending elec-
trical equipment failures due to overheating and loose
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contacts can be identified and corrected. Exhaust system
leaks, and overheated hydraulic system components and
fuel injection pumps, can be identified for corrective
action.

A thermographic report, consisting of a visual and an IR
photo of the scanned object, a temperature curve, basic
thermographic data, and a technical summary, is compiled
and used for later comparison on a periodic inspection
schedule. As overheated conditions are identified, the
plant maintenance team can take corrective action to

ASME OM-2020

7 DIESEL GENERATOR OPERATING DATA AND
RECORDS

Diesel generators at nuclear power stations may experi-
ence relatively few operating hours during their normal
service life. These units must reliably respond to an emer-
gency start signal. Good record keeping, data evaluation,
and trending are essential tools to properly evaluate
engine performance and maintain this type of reliability.

cords

Z-1-Data/Records

resolve the[problem, thereby preventing costly failures.

6 ALARM|AND SHUTDOWN DURING TESTS

During the testing of the diesel engine and its generator,
the unit maly encounter alarmed conditions. Alarm limits
(setpoints) pre important, but the diesel engine/generator
may still beloperable when alarm conditions are encoun-
tered. Som¢times the diesel system must be allowed to
continue operating to evaluate the alarm conditions.
To properly support operations, the owner should estab-
lish diesel hutdown limits to ensure the engine has not
its that may cause the engine system to fail.
le shutdown limits are as follows:
um main lubrication oil pressure
(b) maximum lube oil temperature (out of the engine)
(¢) minifaum fuel oil header (discharge) pressure

Nonmandatory Appendices A and B of this Part'provide
sample tables for data collections.

Section 4 of this Part lists the data that'should be
ered for collection during periodic inservice testi
owner/operator has the responsibility for the d
ment of plant-specific data sheets’ The owner/o
should consult the engine manufacturer for the d
nation of critical operating parameters for the

diesel generator beingeyaluated.

consid-
hg. The
bvelop-
pberator
etermi-
pecific

7.2 Data Evaluation and Trending

tted at
reveal
pendix
hat can

Selected operating parameters should be plo
frequent intervals during operating periods to
trends. EXxamples are given in Nonmandatory Ag
C of this Part to illustrate typical information t

(d) maximum cylinder exhaust temperature be-obtained through trends. These examples illustrate
(e) maxifjnum engine exhaust temperature effective data evaluation and trending techniqups. The
(f) maxijnum jacket water temperature (out of the objective is to review and trend the performgnce of
engine) these parameters of engine performance agaipst the
(g) maxifnum engine speed manufacturers’ accepted values.
(h) maximum allowable generator winding témpera- . .
ture 7.3 Failure to Function (Root Cause)
(i) crankcase pressure An important aspect in maintaining diesel engirje relia-
() generptor current output bility is the determination of root causes of a diesel genera-
Note thaf not all of the above example diesel engine  tor’s failure to perform its design function. An inadequate
alarm and shutdown limits apply to every diesel  zssessment of the failure will likely lead to repeat fhilures.
engine desjgn or installation ifiymaclear power plants.  Therefore, it is important to know what cauged the
As such, it i$ up to the individual\plant owner and its tech- engine/generator to fail so that proper corfective
nical specffications to_apply the appropriate diesel  measures (both immediate and long-term) can bd imple-
generator alarm and shutdown limits within its operating  mented. Maintaining complete and adequate recprds of
procedures| with corsideration of manufacturer’s recom- failures and their root causes will enable the ¢wner/
mendation. operator to prevent malfunctions and identify ddgraded
components. Such records will highlight repeated fompo-
nent fajlures that degrade diesel generator performance
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and material condition, and focus on the need for correc-
tive actions to prevent recurrence.
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Part 16, Nonmandatory Appendix A
Post-Major Maintenance Test Data

See igure A-1 below for test data form.
Figure A-1 Post-Major Maintenance Test Data Form
Plart Unit
Engjne No. Engine RPM
Datg
Engine Load Percent
Engine Parameter 75 100 110
[l Load kW or hp
D Ambient Air Temperature °F (°C)
B Barometric Pressure in. Hg
B Run Duration hr
b Jacket Water Temperature (IN/OUT) °R.(°C)
b Turbo Water Temperature (IN) °F (°C)
7 Turbo Water Temperature (OUT) °F (°C)
B Service Water Pressure (IN/OUT) psig
D Service Water Temperature (IN/JOUT) °F (°C)
10 Intercooler Water (IN/OUT) °F (°C)
1 Lube Oil Heat Exchanger Water (INJOUT) °F (°C)
12 Jacket Water Heat Exchanger Water (IN/OUT) °F (°C)
13 Lube Oil Pump Outlet Pressute psig
14 Lube QOil Filter PressureAINLET/OUTLET) psig
15 Lube Oil Header Pressuré psig
16 Turbo Lube Oil Presstre (TO TURBO) psig
17 Rack Reading/kuél Pressure
18 Lube Oil Temperature (IN/OUT) °F (°C)
19 Exhaust{emperature Turbo (TO/FROM) °F (°C)
20 Combined Exhaust Temperature °F (°C)
n Exhaust Back Pressure in. H,0
22 Air Intake Pressure in. Hg
3 Crankcase Vacuum in. H,0

Turbocharger Lube Oil Brand and Type
Governor Lube Oil Brand and Type
Engine Lube Oil Brand and Type
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Part 16, Nonmandatory Appendix B
Functional/Inservice Test Data

See Figufe B-T below Ior test data form.
Figure B-1 Functional/Inservice Test Data Form
Plant EngineNo. 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 RPM
6 Service Water Pressure (IN/OUT) psig
7 Service Water Temperature (IN/OUT) °F(°C)
8 Jacket Water Heat Exchanger Temperature (IN/OUT)\°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.Qutlet psig
16 | Lube Oil Filter Pressufe INLET/OUTLET) psig | | | |
17 Lube Oil Pressuresat Header psig
18 | Fuel Oil Pressyfe\Before/After Filter psig | | | |
19 Exhaust Temperature to 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 Air Intake Manifold (Receiver) Pressure in. Hg
25 Air Intake Manifold (Receiver) Temperature °F (°C)
26 Crankcase Vacuum in. H20
27 No. 1 Injection Pump Rack Reading
28 Cylinder Exhaust Temperature °F (°C)
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 |
data tr

1gures C-1 through C-5 on the tollowing pages for
ending examples.
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NOTES:
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Figure C-1 Typical Lube Oil System

Lube oil header

Q

Lube oil pump
Temperature control
@ (three-way valve)
6

r

Lube oil filter

Lube oil strainer

] f

Lube oil

®

2

QO

o

cooler

LN

i

Service water

1

Lube oil temperature, upper limit
- 8B — — —
t Note (1) PN Note (2)
D
:
2 —
E -
=
> _
§ ¥ — — — T — — —
h Lube oil temperature, lower limit . o
g Lube oil pressure, lower limit —
L1

} | |

Test Date

(1) Low lubg oil pressure with high lube gil temperature
(a) faulty temperature control (threg=way) valve
(b) restricted service waterflow

(2) High lubé
(3) Lubeoilp

causes

(a) press
(b) lube
(c) beari
(d) lube
(e) lube

lire drop across.lube oil filter, or strainer is high
il pump réliefivalve faulty

g failures

il syStem leakage

ildilute with fuel oil

Trend Plotting — LubeOil Temperature, T;, and Lube Oil Pressure, P,

60

40

20

10

oil pressure with lowiNube oil temperature: data taken prior to engine reaching equilibrium temperature.
essure is deteriorating. Investigation should be made as to cause, although the lube oil pressure is still above the minimum

Lube Oil Pressure, A, psig
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Figure C-2 Typical Jacket Water System

Temperature control
| I\ @ (three-way valve)
2
AN
7’/ Water level
7

Jacket water

|_ heat exchanger
D (D
1 1 '\ '\

Engine I I "'_( )
Jacket water pump ng rT4

Service water

Jacket water temperature, upper limit

Note (1) Note (2)
ote
[T — — T
°. 186 —— — — — — i —————— . —
e T,
=}
& - ] =TT s
° ~— _\ L Nt —
o T T Note (3)
€ om0 N/ @
o 130 T
= Jacket water temperature, lower limit
| | | | | | } |

Test Date

Trend Plotting — Jacket Water Temperature to Engine, T;, and From Engine, T,

NOTES:
(1) High AT across the engine. Possible causes,twith T, — T3 = constant, are
(a) pir in system
(b) fombustion gas to jacket water leak
(c) Testriction in jacket water system
(2) AT d{atisfactory, but temperature (increasing. Possible causes are
(a) heat exchanger fouling
(b) Faulty three-way temperature valve
(c) peawater system restricted
(d) pervice water inlet’temperature too high
(3) Normal operation ¢onditions
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Figure C-3 Intercooler Water System

Temperature control

Pump @ (three-way valve)
: >

@_ Intercooler heat
2 F exchanger +

Intercooler |« QI-)1 L L

Ty r rT3

Service water

115

110 —
'5'1 T;, upper limit
o |105 —
> [%2]
® (100 Q\_
° [
2|95 5
= @
2 | 90 o

o
8 T ower imit | | | | \27)_ | 1

Test Date
Trend Plotting — Air Cooler Water Temperature to T; and From T, Cooler Pump Pressure P,

NOTES:
(1) Both temperatures rising; pressure remains constant

(a) temperature control valve (three-way) failing

(b) restricted service water flow (T, - T3 rising)
(2) Temperafure rise across air cooler and_decreasing pump discharge pressure: air in system.
(3) Temperafure rise across air cooler.'and pump discharge pressure increasing: coolers becoming clogged and requiring cleaning.

212


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020 DIVISION 2, Part 16, Nonmandatory Appendix C

Figure C-4 Typical Air/Exhaust System
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Test Date

Trend Plotting — Air/Exhaust System
Inlet Air Pressure (Vacuum) — P4 =
Air Manifold/Exhaust Back Pressure = P,— P3=
Combined Exhaust Temperature = T3 =

NOTES:
(1) Gradlually increasing inlet air ‘vacuum: inlet air filters plug and require cleaning or changing.
(2) Gradlually increasing combined exhaust temperatures may be caused by

(a) pxhaust/turbocharger flow restriction

(b) furbo deficiency

(c) low air flow caused by plugged air inlet filters

(d) njection titping change (retarded)

(e) faulty injeetion nozzle, not proper spray pattern
(3) Highf combined exhaust temperatures. Possible causes are

(a) fatilty-injection nozzle, nozzle streams foul
(b) lnjection-timing-change-{retarded)
) 1=} o~ U 7

(4) Increasing AP across engine. Possible causes are
(a) 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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Figure C-5 Typical Fuel Oil System

v <

——— - o Day tank

A

1'_|/_ Relief valve

1| Eueloil filter Orifice

:/

Injector pumps

@) []
o aug™

Maximum AP across filter

Pressure Drop, psig

Test Date

Trend Plotting —'Fuel Filter AP = P, — P,

NOTE: (1) Pgessure drop across filter increasing: filter needs.eleaning or elements need replacement.
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Part 21
Inservice Performance Testing of Heat Exchangers
in Water-Cooled Reactor Nuclear Power Plants

DIVISION 2, Part 21

1 INTRODUCTION

This|Part establishes the requirements for preservice
and indervice testing to assess the operational readiness
of certain heat exchangers used in nuclear power plants.

The heat exchangers covered are those required to
perform a specific function in shutting down a reactor
to the pafe shutdown condition, in maintaining the safe
shutdovn condition, or in mitigating the consequences
of an afcident.

This|Part establishes test intervals, parameters to be
measuted and evaluated, acceptance criteria, corrective
actions, and record requirements.

1.2 EXclusions

This|Part does not address the following:

(a) flow-induced vibration

(b) dtructural integrity

(c) fressure-retaining capability

(d) ¢rosion or corrosion

(e) pther mechanical or structufal performance
concerfis

(f) effects of system performance‘on heat exchangers
(e.g., the system providing insufficient flow to a heat

The
design lha :
to be covered by this Part and shall prlorltlze those heat
exchangers in accordance with the guidance provided in
this Part. The Owner shall select the most appropriate 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
following the program requirements as described in
para. 5.1.

215

2 DEFINITIONS

These definitions are provided ‘to ensurg
understanding of selected ternis used in this

accuracy: the closeness of agreement between
value and the true value:

baseline data: data colleeted at specific oper:
tions that establish-a'basis to which subseque
be compared.

baseline testa'performance test to establish b3

bias error:the difference between the averagsg
population and the true value.

bigfilm: a fouling layer consisting of microorg
their by-products.

clean fluid: of the two fluids, the one that hal
potential for fouling a heat exchanger.

component design limit: that value of heat]
performance (usually specified by the mant

a uniform
Part.
ameasured

hting condi-
nt data may

seline data.
of the total

anisms and

s the lesser

exchanger
facturer as

the design point) such that if exceeded, although not

affecting the operational readiness of the
may result in component degradation and
reliability concerns.

confidence level: the relative frequency that th
statistic is correct.

cooling fluid: any fluid (e.g., water, air, or oil) th
carry heat away from the process fluid by thg
heat through the heat exchanger.

omponent,
component

e calculated

at servesto
transfer of

correlational uncertainty: the uncertainty e

parameter may be expected to contain the true value.

design accident conditions: the set of conditions and
constraints that are to be satisfied by the heat 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.

(20)
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design point: the set of operating conditions and
constraints that are satisfied by the heat exchanger as
specified in the heat exchanger specification sheet.

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.

ASME OM-2020

Owner: the organization legally responsible for the
construction and/or operation of a nuclear facility
including but not limited to one who has applied for,
or who has been granted, a construction permit or oper-
ating 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

flow blockaq
reduction i

fouling fluid
potential fg
fouling resis
deposition
material on

heat duty: t
fluid to and

inclusion cr
fied for a t

inservice teq

ge: a reduction in heat-transter surface or a
n flow rate caused by fouling.

: of the two fluids, the one that has the greater
r fouling a heat exchanger.

tance: a resistance to heat flow caused by the
of corrosive products, dirt, or other foreign
a heat-transfer surface.

he heat transferred per unit of time from one
ther.

teria: the set of conditions that must be satis-
sting or monitoring method to be effective.

t: atestto determine the operational readiness

of a structufre, system, or component after first electrical

generation

instrument
ments to giy
during tran

instrument
provide a s

measureme
and the me
bias and py

monitoring
evaluate hd

nominal re
average pa

operability
device shal
its specifieq
strumentat
water, lubr

by nuclear heat.

delay: the characteristic of measuring instru-
e an indicated value that lags the actual value
sient conditions.

Joop: two or more items working together to
ingle output.

ht error: the difference between the true value
hsured value of a parameter. It includes both
ecision errors.

method: a method that is Used to indirectly
at exchanger thermal performance.

cult: the test resultthat is calculated using
ameter values.

a system, subsystem, train, component, or
be operable'when it is capable of performing
safety fanetions. All necessary attendant in-
on, centrols, electrical power, cooling or seal
catien, or other auxiliary equipment that are

required fo

I the system, subsystem, train, component, or

papn ) o | 4= 4= £ H 1
Trepeatca aeperraent nreasurenents ot a smgreparam-

eter.

precision index: the sample standard deviation'basgd on N

measurements.

d after
Compo-
ar heat
nitially

preservice test: a test performed during the perig
completion of construction activities related to the
nent and before first electricaligeheration by nucld
or in an operating plant before the component is

placed in service.

process fluid: any fluid that supplies the heat to the heat

exchanger.

required action limit: that value of heat exchanger
mance such.that, if corrective actions are not per
prior to the hext scheduled test or monitoring, the
operability limit would be exceeded.

perfor-
formed
system

o chan-
rement

result sensitivity: the actual change in a result due 4
ginlg the measurement parameter by its measu
error.

system operability limit: the minimum thermal
mance required of a heat exchanger so as to
the operational readiness of its system.

perfor-
ensure

prature
ptween

called
angers,
be side.

temperature effectiveness: the ratio of the temp
change of the tube side fluid to the difference b
the two fluid inlet temperatures (sometimes
temperature efficiency). For plate-type heat exch
the cooling fluid side can be considered as the tu

bn to be
hermal

temperature of interest: a temperature that is chos¢
monitored because of its dependency on the t
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 quanti

evaluate heat exchanger thermal pnrfnrmanrn
o

atively

device to perform its function(s) shall also be capable of
performing their related support function(s).

operational readiness: the ability of a component to
perform 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.
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test point: the set of parameters retrieved from the heat
exchanger at a specific test condition.

test result: a value calculated from a number of parame-
ters.

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 statis-
tically applied to the test result.
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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 shutting down a reactor to the safe shutdown
condition, in maintaining the safe shutdown condition, or
in mitigating the consequences of an accident, shall be
selected for testing or monitoring, based on individual

Dot
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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

sunporting documentation - \While testing is pr
Bp g g is preferred,

plant desig
generators

bacy Lox tha oo £l oo
EaSts—T o Tre-PHFPOSESoBr—~TSTatres—Steait

shall be excluded from the selection process.

4.2 Heat

Heatexcl
for testing
4.2.1 throu
applied acq
ensure that

Fxchanger Prioritization

langers selected in para. 4.1 shall be prioritized
br monitoring based on the criteria of paras.
bh 4.2.3. These criteria shall be progressively
prding to the interval defined in para. 5.4 to
the requirement of para. 4.1 is met.

4.2.1 Foyling Potential. If a heat exchanger is served
by a fluid that has a high potential for fouling, then that
heat excha{ger should be given high priority.

CAUTION:

service con
variations ¢
fouling tend

or plate heat exchangers, even under similar
itions, differences in flow distribution due to
f plate pattern design may result in different
encies.

4.2.2 Sy
heat excharn
tially identi
same flow

stem Configuration. If there are two or more
gers in parallel and all are subjected to essen-
cal service conditions (i.e., essentially all the
rates and heat loads, none stagnant for lohg
periods of fime), then only one of the heat exchiangers
needs to bg given high priority initially. For-idéentical
heat exchapgers in series, the first one in the\series (as
defined by the fouling fluid) should be given)high priority
initially, as Jt would be expected to collect/the majority of
fouling degosits. If, however, the hedt loads for either
parallel or [series configurations.are not identical, then
the one with the highest héat/load should be given
high priorify.

CAUTION: If heat exchanger geometries and tube plugging
levels are different, thentube velocities should be compared
as part of thp 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

chnical
sible.

ews in
tervals
use in
quired
should
blogies,
E rates,
ity, and

monitoring may be used instead if sufficient{te
justification can be shown that testing is not fea

This program should incorporate periodic rev
which the test or monitoring metheds and in
are evaluated to be the most appropriate for
meeting the intent of this Part@nd such that rg
action limits are not exceeded: These reviews
consider advances in testing and monitoring techn
operating histories of the heat exchangers, foulin
changes in cooling fluid‘quality, heat load availabil
previous test or mehitoring results.

5.2 Preservice Requirements’

med on
r after

Preseryice testing or monitoring shall be perfor
a heat.exchanger in the clean condition prior to
installation in the plant.

Preservice testing or monitoring provides da
results that should be used to establish a preservig
line for comparing with future inservice testing o
toring results. Preservice testing or monitoring sh
used to compare the as-designed heat exchang
provided by the vendor with the as-built heat exc

The preservice testing or monitoring method §
should be the same as the inservice testing or mor
method. However, if the preservice testing or mor
method is different than the inservice testing o1
toring method (i.e., a preservice testing or mon
method may be chosen specifically just to ve
built characteristics), then the inservice testing o
toring method shall also be performed as a part
conjunction with, the preservice testing or mon
method. This will provide a preservice basel
comparing with future inservice testing or mon
results.

ta and
e base-
 moni-
puld be
br data
hanger.
elected
itoring
itoring
moni-
itoring
ify as-
I moni-
f, or in
itoring
ne for
itoring

performan ral-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.
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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 heat

! 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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exchanger. This “as-found” condition is essential for estab-
lishing 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
performed as soon as practicable following structural
changes (excluding minor tube plugging) that make signif-
icant permanent changes to the thermal characteristics of

DIVISION 2, Part 21

6.1 Functional Test Method

6.1.1 Objective. The objective of the functional test
method is to provide an indication of thermal performance
degradation of a heat exchanger over time by measuring a
temperature that is dependent on the thermal perfor-
mance of the heat exchanger and to compare that tempera-
ture with established acceptance criteria (see section 9).

6.1.2 Descriptive Summary. The func
method will demonstrate directly that the hea

tional test
t exchanger

the heqt exchanger (i.e., modifying baffle plates). This
baselipe inservice testing or monitoring shall be
condudted on a clean heat exchanger to provide a compar-
ison with future inservice testing or monitoring results.

5.4 Interval Requirements

ng or monitoring intervals shall be established
at the required action limits are not exceeded

or mofitoring interval, which assumes no corrective
actiong are performed [I (max.) in Figure 1], then correc-
tive action shall be taken.

Intervals shall be established based on preservice (or
baselinje inservice) testing or monitoring and subsequent
inservife testing or monitoring,.

Integvals shall be adjusted as part of the program
review| based on fouling rate, type of fouling, operational
requir¢ments, heat load availability, etc., to guarantee
satisfagtory performance during the interval.

Inteyvals shall not exceed 10 yr.

6 SELECTION OF METHODS

The appropriate testing or monitoying'method shall be
selectefl for each heat exchanger in the program.

If te4t methods are chosen, they,may be supplemented
onitoring methods performed between the tests.
ing methods maylso be used to help determine

tivities| and-uncertainties (see section 8). The criteria for
each me thad should ho app]inﬂ toeach aoftheheat ovchan

is capable of meeting its acceptance criteria

9). It is applied to the temperature of the) co
area that the heat exchanger is designed {
“temperature of interest”) rather than to the te
into or out of the heat exchanger itself. E
temperatures of interest are motor or put
temperatures, bearing oil\temperatures,
temperatures, and dieseljacket water tempe

After meeting the inclusion and exclusion

temperature of interestis then measured and d
the acceptance ‘criteria for that heat exchang
example is presented in Nonmandatory Apper]
Part, para. C-1.

6.1.3.Inclusion Criteria. The functional
shalldbe considered if

(a) the acceptance criteria (see section 9)
exchanger is stated explicitly in terms of a “tenj
interest” (i.e., motor stator temperature fi
cooler)

(b) designaccident flows and inlet tempera
achieved during test conditions®

(c) the heat exchanger can be subjected to t
greater) heat load that would be present und
dent conditions (i.e., for a pump room cooler,
fluid temperature, any ventilation function,
heat loads to the room should be as they
under the accident condition)?

(d) steady-state conditions (see para. 7.1)

6.1.4 Exclusion Criteria. There are nd
criteria for the functional test method.

see section
mponent or
0 cool (the
mperatures
xamples of
np-bearing
ump room
ratures.

criteria, the
ompared to
br. A typical
dix C of this

est method

of the heat
perature of
pbr a motor

fures can be

he same (or
er the acci-
he pumped
and motor
r would be

do exist

exclusion

6.1.5 Required Parameter. The temp|
interest shall be measured to quantitative

erature of
ly evaluate

the heat exchanger thermal performance using the func-

tional test method.

gers selected until, through the process of elimination, the
most appropriate method is selected (see Figure 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.
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NOTES:

(1) The component of interest must be functioning within the
design basis during testing to ensure this method accurately

represents heat exchanger performance.
(2) The temperature of interest can be affected

by malfunc-

tioning or degradation of system components other than

the component of interest.

2When operational restrictions prohibit the establishment of design
accident condition equipment heat load or process inlet temperature for
the conduct of this test, an equivalent heatload may be applied by the use
of portable heaters or other similar means.
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Figure 1 Intervals, Limits, and Parameter Trending (Typical)

Trended per performance parameter (with no uncertainty)

95% confidence interval (to account for measurement errors
and result sensitivities, i.e., to account for total uncertainty
in the test monitoring result)

Heat Exchanger Performance ———

Trended (and projected) performance parameter (after
applying total uncertainty in most conservative direction)

N
N
K] \\\ Projected performance parameter
N
Component Design Limit \\\ SOA N <
I I BEN .\ / \\\
' ' N N N
Required Action Limit ;‘Tv \\ N
_f \\ _F\\ —r\\
| | | \\ | \\ | \\
System Operability Limit D Ny C \\‘B \\\
| | : RN
| D | | | AN AN N
| | \\\l \\\ \\
| (test) l‘—’l | M RN SN
| (test) |<—>| | \\\ N AN
I (max.) AN AN N
NN
| | NN
| | AN
| |
| |
| |

ring 95%

Legend:
I (test) = historical test or monitoring’interval
I (max.) = maximum test or menitering interval if no corrective actions are performed.
If I (max.) < I (test)\then corrective action shall be taken
T1, T2, T} = successive test-orumonitoring data points
T3 = latest test or-nfonitoring data point
A = heat exchanger unable to satisfy requirements specified on component data sheet (with no uncertainty)
B = heat exchanger unable to satisfy requirements for operational readiness (with no uncertainty)
I = heat'exelanger unable to satisfy requirements for operational readiness (after accounting for total uncertainty by apply
confidence interval in most conservative direction)
T3 - I} =.current “absolute” operating margin (with no uncertainty)
GENERAL NOTE: Refer to sections 8 and 9 for discussion of trending, uncertainties, and action limits for test results.
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Figure 2 Method Selection Chart

Section 6.0

Are
criteria for design Are
acceptance accident flow, test Yes Functional
icitly i mperature, and h ndition
stated explicitly in temperature, and heaf conditions test method
TOaU CUTUTtoTTS at olcauy
state?

OTd TUI

[Note(1)]? available?

Is
Is there Are
th_elfe sufficient test
SUffICIeT No accuracy for No conditions Yes
zggﬂ?;xsfz: temperature repeatablg’and
effectiveness steady
methods?, state?

methods?
Temperature

difference

Yes
monitoring methpd

Is
pressure loss
measurement

available?

No

Are both
design accident
flows
available?

Does
a phase
change occur
at test
conditions?

Are test
conditions at
steady state?

Visual inspection
monitoring

Yes
method

Yes

Heat transfer
coefficient test
method with Is
condensation Are test pressure N
No conditions at loss a good °
indication of

Are test
conditions at

steady state? )
HX fouling?

steady state?
Yes
Heat transfer.
coefficient.tést Yes Pressure loss
No method without Yes monitoring
phase)change method
Is
he; |a0ad reservoir ?)?1:2:
N fluid well mixed
availablg.and "\ Yes and can the No . change occurat \_ No Temperature
is the‘thermal temperature Point A test or design effectiveness
trahsient be measured as acgid_ent s test method
2 a function conditions?
gradual? S tirne?
*:\vlu *‘.’w
. . . Yes
Transient Batch Visual inspection
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 coef-
ficient 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 inclu-
sion and exclusion criteria and measuring the required
parameters, a methodology is applied (a typical

ASME OM-2020

6.3 Heat-Transfer Coefficient Test Method (With
Condensation)

6.3.1 Objective. The objective of the heat-transfer coef-
ficient test method (with condensation) is to determine
the heat-transfer capability for heat exchangers having
condensation from steam-air mixtures (e.g., air coolers
or air-to-water heat exchangers) during test conditions.

6.3.2 Descriptive Summary. After meeting the inclu-
sion and exclusion criteria and measuring the required

example is|presented in Nonmandatory Appendix C of
this Part, s¢ction C-2) that will result in the calculation

parameters, a methodology is applied (@ fypical
example is presented in Nonmandatory Appendix C of

of a fouling resistance for the heat exchanger and the this Part, section C-3) that will result inthe’calqulation
determination of the heat-transfer capability of the of a fouling resistance for the heat exchanger gnd the
heat exchafiger to ensure operational readiness. determination of the heat-transférycapability| of the

6.2.3 In']llusion Criteria. The heat-transfer coefficient heat exchanger to ensure operational readiness.
test method (without phase change) shall be considered if 6.3.3 Inclusion Criteria. The heat-transfer codfficient

(a) the design basis specifies safety function (or accep- test method (with condensation) shall be considpred if
tance criterfa, see section 9) in terms of heat duty (Btu/hr) (a) the design basis specifies safety function (o1 accep-

(b) suffigient accuracy (in accordance with section 8) is tance criteria, see seetion'9) in terms of heat duty (Btu/hr)
achievable pt test conditions (b) sufficient a¢curacy (in accordance with section 8) is

(c) a phdse change does not occur at test conditions achievable at tést conditions

(d) steady-state conditions (see para. 7.1) do exist (c) condensation occurs during the test conditions

6.2.4 Exftlusion Criteria. The heat-transfer coefficient (d) steady=state conditions (see para. 7.1) do pxist
test method (without phase change) shall not be consid- 6.3.4. Exclusion Criteria. The heat-transfer codfficient
ered if testinethod (with condensation) shall not be consiflered if

(a) the flow on the shell side traverses flow regimes in {a) the flow on the shell side traverses flow regimes in
going from the test condition to the design accident condi- going from the test condition to the design accident condi-
tion and th¢ resulting correlational inaccuracy cannot bée tion and the resulting correlational inaccuracy cahnot be
accounted for (see para. 8.6) accounted for (see para. 8.6)

(b) the fpuling rate is such that operability canmnot be (b) the fouling rate is such that operability capnot be
maintained between tests (because heat loads are not maintained between tests (because heat loads are not
available, ejg., shutdown cooling heat loads are‘only avail- available, e.g., shutdown cooling heat loads are only avail-
able during plant shutdown; see para. 5.4 and section 9) able during plant shutdown; see para. 5.4 and sedtion 9)

6.2.5 Required Parameters. At least five of the 6.3.5 Required Parameters. At least seven| of the
following pix parameters [(a) thireugh (f)] shall be following 10 parameters [(a) through (j)] shall be
measured o quantitatively evaluate the heat exchanger measured to quantitatively evaluate the heat exdhanger
thermal pefformance using the heat-transfer coefficient thermal performance using the heat-transfer codfficient
test method (without phase/change). The sixth parameter test method (with condensation). Measurement of the
may be caldqulated from.the other five (see para. 8.5). The following parameter in (a) is required:
accuracy of the calculated parameter depends on the accu- (a) process fluid (steam-air mixture) pressure
racy of the|other.fivé’ parameters (see section 8). In addition, at least five of the following six pargmeters

(a) coolipg fluid inlet temperature [(b) through (g)] shall be measured. The sixth parameter

(b) coolipg\fluid outlet temperature may be calculated from the other five (see para. 8]5). The

(c) process fluid inlet temperature

(d) process fluid outlet temperature

(e) cooling fluid flow rate

(f) process fluid flow rate

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

222

accuracy of the calculated parameter will depend on the
accuracy of the other five parameters (see section 8).

(b) cooling fluid inlet temperature

(c) cooling fluid outlet temperature

(d) process fluid (steam-air mixture) inlet tempera-
ture

(e) process fluid (steam-air mixture) outlet tempera-
ture

(f) cooling fluid flow rate

(g) process fluid (steam-air mixture) flow rate
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In addition to the above, any one of the following three
parameters [(h) through (j)] is required:

(h) process fluid (steam-air mixture) inlet relative
humidity

(i) process fluid (steam-air mixture) outlet relative
humidity

(j) processfluid (steam-air mixture) condensation rate

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

6.4 TiG

6.4.1 Objective. The objective of the transient test
method is to determine the thermal performance of a
heat ejchanger when steady-state conditions (see para.
7.1) capnot be achieved during the test.

6.4.2 Descriptive Summary. After meeting the inclu-
sion ar}d exclusion criteria and measuring the required
parameters, a methodology is applied (an example is
presented in Nonmandatory Appendix C of this Part,
sectiop C-4) that will result in the calculation of a
fouling| resistance for the heat exchanger and the deter-
minatipn of the heat-transfer capability of the heat
exchanpger to ensure operational readiness.

The fransient test method refers to measuring the time
it taked for temperatures to change in response to a tran-
sient hpat load being placed on the heat exchanger. The
transiept test method may be used where flow rates or
inlet tgmperatures (or both) vary during the test. An
example would be the cooling of the component
cooling water loop after its initial temperatute has
been aJlowed to increase temporarily by stopping the
cooling water flow to the component cooling water
heat ejchanger.

6.4.3 Inclusion Criteria. The transient test method
shall b¢ considered if

(a) the design basis specifies safety function (or accep-
tance criteria, see section 9)interms of heat duty (Btu/hr)

(b) {ufficientaccuracy (indccordance with section 8) is
achievgble at test conditions

(c) dn appreciable heéat load is available such that the
temperjature of thepprocess fluid can be raised temporarily

(d) 3 phasetchange does not occur at test conditions

6.4.4
shall n

q

} Exclusion Criteria. The transient test method
bt be considered if
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(d) the fouling rate is such that operability cannot be
maintained between tests (because heat loads are not
available, e.g., shutdown cooling heat loads are only avail-
able during plant shutdown; see para. 5.4 and section 9)

(e) significant condensation occurs at the test condi-
tions

6.4.5 Required Parameters. At least seven of the
following eight parameters [(a) through (h)] shall be
measured to quantitatively evaluate the heat exchanger
a Ormance-USing ahsi est method.
Measurement of the following six pafameters [(a)
through (f)] is required:

(a) cooling fluid inlet temperature time h

(b) process fluid inlet temperature time h

(c) cooling fluid flow rate time) history

(d) process fluid flow rate/time history

(e) cooling fluid initialtemperature profil
heat exchanger

(f) process fluid initial temperature profil
heat exchanger

In additionysatleast one of the following two
[(g) and (h)) shall be measured:

(g) coeling fluid outlet temperature time

(h) ‘process fluid outlet temperature time

Other relevant parameters may be measursg
thetotal uncertainty in the calculated result

story
istory

o)

inside the

o)

inside the
[parameters

history
history
d to reduce

thod

6.5.1 Objective. The temperature effectiveness test
method is used to predict the effectiveness|of the heat
exchanger at a known reference point (design accident
condition, design point, test point, established using
the heat-transfer coefficient test method). This method
assumes that the process and cooling fluid mass flow
rates at the test point are essentially the saine as those
at the reference point (within +#5%). This tpst method
is accomplished by collecting the process and cooling
fluid inlet and outlet temperatures at the|test point,
choosing two temperatures at the referencq point, and
calculating the remaining two temperatures at the refer-
ence point.

6.5 Temperature Effectiveness Test Me

6.5.2 Descriptive Summary. The temperfture effec-
tiveness is the ratio of the temperature change of the

tube-side fluid to the difference between the two fluid

(a) the transient is a steep function of time, such that
the thermal inertia of the heat exchanger becomes signifi-
cant [“steep” being defined as the left sides of inequalities
(1) through (3) in para. 7.1 being >0.25Q]

(b) thevalueofthermalinertia (per para.7.1) cannotbe
calculated

(c) the flow on the shell side traverses flow regimes in
going from the test condition to the design accident condi-
tion and the resulting correlational inaccuracy cannot be
accounted for (see para. 8.6)

mlet temperatures (sometimes called temperature effi-
ciency). For plate-type heat exchangers, the cooling
fluid side may be considered to be the tube side.

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 consis-
tent manner.

After meeting the inclusion and exclusion criteria and
measuring the required parameters, the temperatures
that are measured are applied using a methodology (a

223
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typical example is presented in Nonmandatory Appendix
C of this Part, section C-5) that will result in the determi-
nation of two of the four temperatures at the known refer-
ence point, which can then be compared with the
acceptance criteria. This method is conservative if the
design accident condition temperatures are higher
than the test condition temperatures because of the
improved heat-transfer coefficient at higher tempera-
tures.

6.5.3 In¢
ness test mlethod shall be considered if

(a) suffigientaccuracy (in accordance with section 8) is
achievable pt test conditions

(b) bothestflows can be manipulated to within +5% of
the design hccident flows

(c) design accident temperatures cannot be achieved
during test|conditions (e.g., for pump room coolers)

(d) steady-state conditions (see para. 7.1) do exist

6.5.4 Ex
to occur at
the temper]
considered

6.5.5 Re|
parameters
tively evaly
using the
Measurem
through (d]

(a) cooli

(b) cooli

(c) procq

(d) proc

clusion Criteria. If a phase change is expected
bither the test or known reference point, then
hture effectiveness test method shall not be

uired Parameters. Six of the following eight
[(a) through (h)] shall be used to quantita-
ate the heat exchanger thermal performance
temperature effectiveness test method.
ent of the following four parameters [(a)
] is required:
hg fluid inlet temperature at test conditions
hg fluid outlet temperature at test conditions
ss fluid inlet temperature at test conditions
bss fluid outlet temperature at test conditions

In additign, only two of the following four-parameters
[(e) through (h)] shall be chosen:

(e) cooling fluid inlet temperatureat the reference
point

(f) coolipg fluid outlet temperature at the reference
point

(g) proc
point

(h) proc
point

Other rel
the total u

bss fluid inlet €eniperature at the reference
bss fluid outlet temperature at the reference

bvant-parameters may be measured to reduce
certainty in the calculated result.

ASME OM-2020

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 holding
the cooling fluid inlet temperature constant. Using the
thermal capacity of the process fluid reservoir, the
temperature effectiveness and the overall heat-transfer
coefficient can be calculated.

eservoir
1 proce-
b., a cool

NOTE: The description presented herein assumes the r
to contain the process fluid. The test and the calculations
dures will remain valid if the reverse condition exists (i.
reservoir is being heated by the process fluid),

b inclu-
quired
ypical
ix C of
ination
1 heat-

6.6.2 Descriptive Summary. After.meeting th
sion and exclusion criteria and measuring the r¢
parameters, a methodologynis”applied (a f
example is presented in Nenmandatory Append
this Part, section C-6) that will result in the determ
of the temperature effectiveness and the overa
transfer coefficientf the heat exchanger.

6.6.3 InclusionCriteria. The batch test method phall be
considered if

(a) sufficient accuracy (in accordance with secti
achievableg at test conditions

(b)*the temperature of the process fluid reserv
be.feasured as a function of time

{c) the fluid in the process fluid reservoir is wel

(d) the heat exchanger is the sole medium
enthalpy change in the process fluid reservoir
the test

(e) steady-state conditions (see para. 7.1) do n|

on 8) is
oir can

| mixed
for the
during

bt exist

6.6.4 Exclusion Criteria. The batch test methqd shall
not be considered if

(a) the flow on the shell side traverses flow reg
going from the test condition to the design acciden
tion and the resulting correlational inaccuracy ca
accounted for (see para. 8.6)

(b) the fouling rate of the heat exchanger is su
the overall heat transfer of the heat exchanger is ¢
during the test

(c) the fluid in the process fluid reservoir unde
phase change

(d) the flow rate or inlet temperature of the
fluid is subject to variation during the test

imes in
t condi-
hnot be

ch that
hanged

rgoes a

cooling

6.6 Batch Test Method

6.6.1 Objective. The objective of the batch test method
is to determine the temperature effectiveness 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 reservoir). It
provides an alternative to the previous test methods
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6.6.5 Required Parameters. The following six param-
eters [(a) through (f)] shall be determined to quantita-
tively evaluate the heat exchanger thermal
performance using the batch test method. These six pa-
rameters are required to calculate the temperature effec-
tiveness.

(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
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(e) cooling fluid flow rate

(f) cooling fluid inlet temperature

In addition, to calculate the overall heat-transfer coeffi-
cient, the following parameter in (g) shall be measured:

(g) process fluid flow rate

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

6.7 Temperature-Difference Monitoring Method

6.7. The objective of the temperature-

(b) temperature of interest

DIVISION 2, Part 21

Other relevant parameters may be measured to reduce

the total uncertainty in the calculated result

6.8 Pressure-Loss Monitoring Method
6.8.1 Objective. The objective of the pr

essure-loss

monitoring method is to monitor the pressure loss
across a heat exchanger, corrected for flow conditions.

6.8.2 Descriptive Summary. After meetin

g the inclu-

differetce monitoring method is to provide an indication
of thermal performance degradation of a heat exchanger
over time by monitoring the relationship between the
temperature of interest and the inlet temperature of
the coqling fluid.

6.7.2
where
(e.g., du
ture),
manc
temper
inlet tg
ence, g

Descriptive Summary. In certain applications,
he heat exchanger coolant temperatures fluctuate
e to seasonal fluctuations in cooling fluid tempera-
n indication of heat exchanger thermal perfor-
b may be obtained by monitoring the
ature of interest and the exchanger cooling fluid
mperature. With accumulated operating experi-
correlation between these temperatures may
be established that permits detection of changes in
exchanfger performance through comparison of results
from syiccessive tests.

Afteq meeting the inclusion and exclusion criteria and
measufing the required parameters, the temperature of
interegt and the cooling fluid inlet temperature are
measufed. Deviation of the measured temperature/differ-
ence ffom that predicted by the correlation for the
measufed cooling fluid inlet temperature provides an indi-
cation ¢fheat exchanger performance change. An example
is prespnted in Nonmandatory Appendix C of this Part,
section| C-7.

6.7.3 Inclusion Criteria. The temperature difference
monitoring method shall be-considered if

(a) the equipment load$\and the process temperatures
and flovs that create thiehieatload of the heat exchanger of
interest are of the §ame magnitude for each test in the
series

(b) heat load‘and flows can be repeatedly attained for
each tgst inLa\Series of tests

(c) steady-state conditions (see para. 7.1) do exist

Ston and exclusion criteria and measuring_t
parameters, a methodology is applied
example is presented in Nonmandatory Ap
this Part, section C-8) that will resultvin the
of a pressure loss, corrected to~the accepta

he required
(a typical
bendix C of
calculation
hce criteria

flow rate, for comparison with-an acceptance criteria

at that same flow conditiofi

Increases in pressure’loss observed in a t
used as an indicator of'the onset of flow blocka
as an aid in determining inspection and cleani
cies (refer to pafa. 6:10 and Nonmandatory A
this Part, section C-10). If the heat exchanger i
and frame type, this method may be the most
monitoring performance.

Even‘if heat loads are available, when fouli
high, pressure loss monitoring may provide a
to monitor fouling without having to frequen|
heat-transfer analysis.

6.8.3 Inclusion Criteria. The pressure loss
method shall be considered if

(a) the design basis specifies safety functio
tance criteria, see section 9) explicitly in termg
loss

(b) the correlation between pressure lo
transfer is known

(c) the fouling characteristics (see Non
Appendix B of this Part, section B-11) ar
create a flow restriction

6.8.4 Exclusion Criteria. The pressure loss|
method shall not be considered if

(a) the heat exchanger fouling layer thickn
so as to preclude pressure loss from providiy
indication of heat exchanger capability

(b) the fluid being monitoredisaliquidont
of a heat exchanger

end can be
ge and thus

g frequen-
pendix C of
ofthe plate
ensitive for

ng rates are

simple way
tly perform

monitoring

h (or accep-
of pressure

s and heat

Imandatory
e likely to

monitoring

ess is small
g a reliable

he shell side

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 parameter
trending, may be required), then temperature difference
monitoring method shall not be considered.

6.7.5 Required Parameters. The following two param-
eters [(a) and (b)] shall be measured to indirectly evaluate
the heat exchanger thermal performance using the
temperature difference monitoring method:

(a) cooling fluid inlet temperature
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(c) the degree of operating margin is known to be small

(in which case one of the more rigorous “tes
combined with parameter trending, may be

t” methods,
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

6.8.5 Required Parameters. The following

two param-

eters [(a) and (b)] shall be measured to indirectly evaluate
the heat exchanger thermal performance using the pres-

sure-loss monitoring method:
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(a) the monitored fluid flow rate

(b) the monitored fluid pressure loss

Other relevant parameters may be measured to reduce
the total uncertainty in the calculated result.

6.9 Visual Inspection Monitoring Method

6.9.1 Objective. The objective of the visual inspection
monitoring method is to determine the condition of the
component in relation to its ability to transfer heat.

6.9.2 D¢

ary. assumes
that the hdat exchanger being inspected will perform
its intended function if it is maintained within a preestab-
lished acceptably clean condition. After meeting the inclu-
sion and ejclusion criteria and measuring the required
parameters, the heat exchanger is inspected (typical
inspection types and techniques are presented in Non-
mandatory] Appendix C of this Part, section C-9) and
the ability pf the heat exchanger to meet its acceptance
criteria is gvaluated based on the as-found condition of
the compornent.

The visual inspection monitoring method consists
of visually [inspecting the heat exchanger periodically,
usually by flisassembly, allowing access to the internals
of the cooling fluid and process fluid sides. Also, corrective
action (e.g.|cleaning) or additional inspections (e.g., eddy
current teqting or other NDE to determine integrity)
can be impglemented based on the inspection results.
The inspectfion interval can be adjusted, based on experi-
ence.

6.9.3 Ing
toring metH
(a) itis

tllusion Criteria. The visual inspection moni-
od shall be considered if

hot possible to test or monitor by one of the
previously fescribed methods.

(b) therdis sufficientaccess to the heat ex¢hanger, such
that the evalluator is able to cover a represéntative sample
of the heat|exchanger surface on the side most likely to
foul.

(c) itis understood by thosé:deing the inspections that
the thickness of many biofilm layers is significantly
reduced when they afe)ih a dry condition and the
layers can appear de€eptively thin during an inspection
when in faft theytmay be significantly thicker in their
normal wef conidition. Even wet fouling layers of only
a few thousandths of an inch can cause significant degra-

ASME OM-2020

(a) unacceptable fouling would not be readily detect-
able by visual inspection (i.e., biofilms or very low allow-
able fouling resistances)

(b) 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)

6.9.5 Required Parameters. Although no specific pa-
rameters are required for the inspection monitoring

types and techniques, refer to Nonmandatory App!
of this Part, section C-9.

6.10 Parameter Trending

6.10.1 Objective. The objective of-parameter ti
is to provide a systematic method for trackin
exchanger performance oyer time and to prd
tool for predicting the need~for remedial action.

Parameter trending-shall be used to help eg
appropriate intervals and acceptance criteria,
supplement thé testing and monitoring m
described in paras. 6.1 through 6.9.

ending
g heat
vide a

tablish
and to
bthods

6.10.2 Descriptive Summary. Parameter trending uses
the results from one or more of the test or motfitoring
methods described in paras. 6.1 through 6.9. In adldition,
othér parameters may be trended. The measured ofr calcu-
lated heat exchanger performance parametgrs are
trended to determine a projected rate of performance
degradation (see Figure 1). The time to the next r¢quired
corrective action, and changes in the rate of performance
degradation that may indicate the onset of operational
problems, may be readily detected through parpmeter
trending.

After selecting the parameters to be trended (s¢
mandatory Appendix C of this Part, section C-1
trending these parameters for a minimum of thi
or monitoring points, the trended parametsg
compared to the applicable acceptance criterid
to section 9 and Figure 1). Typical trendable par3
are presented in Nonmandatory Appendix C of th
section C-10.

te Non-
0) and
ee test
rs are

(refer
meters
is Part,

7 TESTING AND MONITORING CONDITION:

dation 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 moni-
toring method shall not be considered if
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7.1 Steady State

Steady state as defined here is applicable to the
following test and monitoring methods:

(a) functional test method using inequality (1) below

(b) heat-transfer coefficient test method without phase
change using inequalities (1) through (3) below

(c) heat-transfer coefficient test method with conden-
sation using inequalities (1) through (3) below, but
expressed in terms of enthalpy
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(d) temperature effectiveness test method using
inequality (1) below

(e) temperature difference monitoring method using
inequality (1) below

For all other test and monitoring methods, steady state
is not required.

Flows and temperatures should be held constant
throughout the duration of the test to minimize precision
errors (see para. 8.1), to minimize errors associated with
sensor response times, and to allow the heat exchanger

Ty
t

T3
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minimum of average bulk h

eat transfer

rate calculated using the following two

steady-state formulas, Btu
Q = |(WC)shen(T1 - T2)|
Q = (WO wve(Ts - T
shell-side inlet temperat
time period 71, °F
tube-side inlet temperat
time period 1, °F

/sec:

ure during

ure during

shell-side outlet temperature during

time td reach steady-state conditions.

A stefady state exists when the transient part of the heat
duty is|very small when compared to the total heat duty
defined as

[Z(Mixci)}[(AT;we)/(AT)] <Q 1)

and th¢ fluid flow on both the cooling fluid and process
fluid sides has reached a steadiness defined as

[T - TI[AWC)g| < @ @

[t — I AWO)ye | < @ (3)

CAUTIQN: The application of time-independent analysis
techniques (i.e., steady-state methods) to time dependent
(i.e., transient) conditions will result in invalid analyses.
If steadly-state conditions cannot be achieved or adequately
determfined, an alternative testing or monitoring-ntethod
should |be considered.

NOTE: The variation in the total heat duty should be sufficiently
small tq ensure that steady-state conditiohis-exist for a given
application. Experience has shown that variation in total heat
duty of 3.0% or less, when applied/to inequalities (1)
through| (3), will result in conditions jthat adequately approxi-
mate stg¢ady state for current analytical models. Determining the
rate of dhange of T,y for variation in the total heat duty does not
require [the use of highly accurate instruments. Statistical tech-
niques rthay be used to evaluate the difference between a series of
points oyer time. This.evaluation of the difference will negate the
biasinhprent to théihstrumentstringbeing 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 dufy canthen be achieved by increasing the number of data

t

Tave

(WC)shell, min

(WC)tube, min

time period 71, °F
tube-side outlet temperd
time period 71, °F,
instantaneous average o
and both outlet tempera
only threetemperatures aij
then the foutrth temperatur
calculated using the steady]
tions

minimum value of the prg
shell-side mass flow rate
heat during time interval
minimum value of the prd
tube-side mass flow rate
heat during time interval

ure during

both inlet
ures, °F; if
e measured
e should be
Lstate equa-

duct of the
and specific
rl
duct of the
ind specific
rl

AT, = change in T,y over At tinpe, °F
A(WC)shen = change in the product of shell-side
mass flow rate and specific heat
during time interval At, Btu/°F-sec
A(WC)wpe = change in the product of tube-side
mass flow rate and spegcific heat
during time interval At, Btu/°F-sec
At = time interval between suc¢essive data
points, sec
Tl = ten times the maximum value of either

of the following in second

My (WO
i

) [Mici/(WC)tube,
i

NOTE: The above is not applicable to situations
fluid is undergoing a phase change.

S:

nin ]
in ]

Where either

sets taKemr {see Nommmanmdatory Appendix € of thisPart, para:
C-11.1.2).

These inequalities must be continuously satisfied for a

time period greater than t1,
where

C; = specific heat of material of i energy
storage element, Btu/lbm-°F

M; = mass of i energy storage element (i.e.,
tubes, shell, water) in the heat
exchanger, lbm

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 speci-
fically limited or prohibited by the exclusion criteria for a
specific testing or monitoring method.
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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 uncer-
tainty associated with traversal of flow regimes on the tube
side. This may significantly affect the overall accuracy of the
calculated value for the thermal performance of the heat
exchanger.

ASME OM-

2020

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

7.3 Tempe¢ratures

Testing shall be conducted at temperatures as close to
design accident conditions as practicable to minimize
the errors|introduced by changes in fluid properties
when extrdpolating from test to design accident condi-
tions.

8 ERRORS, SENSITIVITIES, AND UNCERTAINTIES

ciated with| measurement parameters used as equation
inputs shalllbe propagated through the equation to deter-
mine the sqgnsitivity of each measurement parameter on
the test or monitoring result and to determine the total
uncertainty] of the test or monitoring result.

The total uncertainty shall be determined every time
a test or monitoring is performed, because the total
uncertainty will depend significantly upon the heat
load availgble during the test and the cleanliness of
the heat eqchanger during the test. In fact, the cleaner
the heat efxchanger is, the more sensitive the test
result will be to errors in the measuremént parameters.
This is primarily because of the reduction in terminal
temperatufe differences associated with a clean heat
exchanger| making those differences (and thus the
LMTD) mdre sensitive to errors in their individual
temperaturgs.

A 95% copfidence level'shall be applied to the calculated
result for the purpose-oef comparing the testing or moni-
toring resullts to the aceeptance criteria. Based on the heat
exchanger fesjgnivalues and the plant design require-
ments for pagh-heat exchanger function, a “required
action limi corrective—actions—sha abished
(see para. 9.3 and Figure 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 justi-
fiable.

»
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8.1 Measurement Errors

Instrumentation accuracies used for testinglandl moni-
toring shall be such that, for each method selec{ed, the
determination of measurement errgrs,‘in conjunction
with the result sensitivities, allows_corrective fctions
to be performed so as to maintain’heat exchanger| opera-
tional readiness at all times.\T'hie measuremenit error
consists of bias (fixed), precision (random), and|spatial
errors. A conventional method for calculating mgasure-
ment errors is summarized in Nonmandatory Appendix
C of this Part, seetion C-11.

The following/considerations shall be addre
minimize measurement errors:

(a) selettion, calibration, and placement of
ments {(Se€e Nonmandatory Appendix C of thi
section-C-11)

{b) test and monitoring conditions (see sectio

{c) instrument response times, transport delay
and other factors (see Nonmandatory Appendices
of this Part)

tsed to

instru-
s Part,

n7)
I times,
A and B

8.2 Result Sensitivities

Result sensitivities refers to how the prey
discussed measurement errors are propagated
the calculational process. These sensitivities will b
enced by the test or monitoring method selected
are two basic methods for determining result sensi
analytically and numerically. Due to the complg
calculating the partial derivatives of a heat exd
test result (e.g., fouling factor) with respect to
the measurement parameters (i.e., the ana
method), the numerical method is the pre
method for this application. This method (sometimes
called the “numerical perturbation” method) is symmar-
i i = Appendi is Pag ection C-

riously
hrough
e influ-
| There
fivities:
xity of
hanger
pach of
lytical
ferred

8.3 Total Uncertainty

Total uncertainty refers to how the previously
discussed 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
monitoring method selected. A method for determining
the total uncertainty is summarized in Nonmandatory
Appendix C of this Part, section C-11.
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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 might
occur during the test. After collecting the appropriate
number of data sets (see Nonmandatory Appendix C of
this Part, para. C-11.1.2) and after rejecting any inconsis-
tentdata, each parameter shall be averaged. The testresult
shall then be calculated based on these average values.

DIVISION 2, Part 21

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, more accu-
rately reflect the true value of the heat-transfer coefficient.

9 ACCEPTANCE CRITERIA

Acceptance criteria consists of the following three types

To m
of the (
are abl
tainty
measu
A typi
Appen

. e +lo L+l 1ad
Hinize-error-propagationthrough-the-remainder
alculations, if additional, nonrequired parameters
e to be measured (see section 6), the total uncer-
n the result should be calculated using both the
ed and the calculated value of each parameter.
al approach is summarized in Nonmandatory
lix C of this Part, para. C-11.4.

lidity Check

dditional, nonrequired parameters may also be
a validity check for the method being used
tion 6).

xample, for the heat-transfer coefficient test
(without phase change), although measurement
five of the six parameters is required (the sixth
ter being calculated), the sixth parameter may
measured to provide a means for validating the
omparing the calculated value of the sixth param-
he measured value of that same parameter. If the
rameter is measured, and if the calculated value
t agree with the measured value, then the.differ-
llbereconciled (see Nonmandatory Appendix A of
t for potential causes).

As another example, for the heat-trafisfer coefficient
test mgthod (with condensation), although measurement
of onlyfone of the steam-air mixturé relative humidity pa-
rametelrs is required, it is recommended that both relative
humidity parameters be measured to provide a means for
validatjng the test by comparison with the other relative
humidity parameter.

Additional parameters may be measured, in excess of
the required parameters, if desired, to use as additional
validity checks

8.6 Corretational Uncertainty

£.1: i
(a) system operability limits
(b) component design limits
(c) required action limits (see Figure 1 and
definitions)

ection 2 for

9.1 System Operability Eimits
ed for each
ty Analysis
ther design

System operability limits shall be establish
heat exchanger, in aceérdance with the Safée
Report, safety evaluation requirements, or o
calculations.

System operability limits shall be used t
required action limits (see para. 9.3).

Examples of system operability limits are

(a), a‘requirement that a prescribed amo
mustbe transferred by some combination of h
gers under several operating conditions

(b) a requirement that pressure loss mu
tained below a certain value at a given fl
ensure adequate performance

(c) arequirement (based on the intended
tion) that the temperature of a component (e.
temperature) or an enclosed space (e.g., a p|
being serviced by a heat exchanger be 1
below a set temperature under accident con

o establish

as follows:
unt of heat
eat exchan-

5t be main-
ow rate to

safety func-
0., a bearing
ump room)
haintained
ditions

9.2 Component Design Limits

ed for each
exchanger

Component design limits shall be identifi
heat exchanger, in accordance with the hea
specification sheet, the heat exchanger design data
sheet, or other similar component design specification.
This as-designed heat exchanger data should be verified
to correspond to the as-built heat exchanger.

Component design limits shall be used [to indicate
component degradation that, although not exceeding

Additional uncertainty may be introduced 1nto the test
result due to the uncertainty associated with the empirical
correlations used for heat-transfer film coefficients (i.e.,
the correlational uncertainty, typically 15% to 20%). This
is especially true if the flow on the shell side traverses flow
regimes in going from the test condition to the design acci-
dent 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 manufacturer by using
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the system operability limits, may nonetheless be of
concern from a component reliability standpoint.

NOTE: System operability limits may allow either more or less
component degradation than component design limits. When the
system operability limits allow more component degradation
than the component design limits (as depicted in Figure 1),
while system operability may not be threatened, component
reliability could be threatened (refer to Nonmandatory Appen-
dix 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
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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 avail-
able opportunity to ensure continued component reliability.

Component design limits shall also be used during
preservice testing to confirm that the component is or
isnotperformingaccording to the component design limit.

Examples of component design limits are as follows:

(a) a requirement that a single heat exchanger was
designed to transfer a specific amount of heat

ASME OM-2020

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).

Inaddition to evaluation of the heat exchanger receiving
the corrective action, evaluation of other heat exchangers
may be required. If the fouling (or degradation)
mechanism responsible for the first failure was the

(b) a requirement that a single heat exchanger was
designed fdr operating with a specified pressure drop

9.3 Requifed Action Limits

Required|action limits shall be established for each heat
exchanger fo allow corrective action to be taken prior to
exceeding fhe system operability limit. Required action
limits are bpsed on the known fouling (or other degrada-
tion) rate, ap determined by parameter trending (see para.
6.10), after|applying a 95% confidence level to the data.
This 95% cqnfidencelevel is determined based on the total
uncertainty| calculated for the test or monitoring result
(see sectionn 8 and Figure 1).

Required action limits shall be used to ensure heat
exchanger pperational readiness throughout the entire
interval of festing or monitoring (see para. 5.4).

10 CORRHCTIVE ACTION

Correctivle action (flushing, mechanical cleaning, chem=
ical cleaning, mechanical repair, etc.) shall be performed
following fafilure to meet the acceptance criteria as,defined
in section P, or whenever I (test) exceeds I (max.), as
described ipn Figure 1. As part of this correétivé action,
the root capise of the failure should be determined (see
Nonmandafory Appendix A of this Part).

Unless the effectiveness of the oorrective action has
been documented to be consisténtly repeatable, then
following the corrective action, the heat exchanger
should be jjetested or remeonitored.

Following the corrective action, the heat exchanger
shall, as a minimum, be‘evaluated to ensure the intended
results of the corre€tiye action have been accomplished.

NOTE: This |evaluation involves examining and judging the
performancgq of;,anid need not involve testing or monitoring.
However, if ke eeti ien—Hrvekre eanins—the—she
side of the heat exchanger, then the heat exchanger should
be retested or remonitored due to the possibility that fouling
or cleaning materials (or both) may have been redistributed
within the shell, or on the outside of the tubes, during the
cleaning process (instead of being removed). Also, if the potential
exists for debris (either fouling or maintenance related) to get
trapped against a tube sheet following the cleaning process, or
following upstream maintenance, then the heat exchanger
should be retested or remonitored following that cleaning or
maintenance.
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“normal” or “expected” mechanism, and if it-odcurred
at the “normal” or “expected” rate, then no further pvalua-
tion isrequired. If, however, the mechanismfor foulling (or
degradation) is discovered to be of a different nature than
expected, or if the fouling (or degradation) occurrgd more
rapidly than expected, then othepheat’exchangers|should
be evaluated according to the following priority:

(a) Evaluate those heat exehangers that are kn
have the least margin.

(b) Evaluate those heat exchangers that are ljkely to
have been subject torthe same fouling (or degrafdation)
mechanism.

(c) Evaluate those heat exchangers that are nex
existing schedule.

own to

[ on the

11 RECORDS AND RECORD KEEPING

1%.1' Equipment Records

Arecord shall be maintained that contains the fo
information for each heat exchanger covered het

(a) the manufacturer’s name

(b) the manufacturer’s as-built design heat ex
specification sheet(s)

(c) the manufacturer’s as-built design drawings

lowing
e:

hanger

(d) the manufacturer’s acceptance test report, |f avail-
able

(e) preservice test results, if available

(f) the date the equipment was initially placed in
service
11.2 Plans and Procedures

A record shall be maintained of plans and prog¢edures
for tests, monitoring, and inspections that shall include the
following:

a) identification of the he exchange elected

(b) identification of the method selected for each heat

exchanger and a justification for each method selected®
(c) identification of the interval selected for each heat

exchanger and a justification for each interval selected

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 nonselec-
tion is required.
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11.3 Record of Results

A record shall be maintained of the results for each test,

monito

ring, 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) i

(b) date of the test, monitoring, or inspection

(d) 3
inspec
before
section|

dentification of the heat exchanger

c test, periodic maintenance, postmaintenance

complete set of test data, monitoring data, and
ion observations for the “as-found” conditions

any corrective actions (per the requirements of
5)

(e) a complete set of test data, monitoring data, and
inspection observations for the “as-left” conditions
following any corrective actions (subject to the exceptions
as noted in sections 5 and 10)

(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

Records shall be maintained of correetivie a¢tion, which
shall include the following:
(a) a summary of corrective actions taken, including
dates
(b) subsequent testing, 4monitoring, or {nspections
performed
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Part 21, Nonmandatory Appendix A
Diagnostics

This Appfndix provides general guidelines to assist in A-I.Z4 Testing Errors
identifying [potential causes of abnormal or unexpected ) . . )
performande, as may be indicated by the testing or moni- Potentle_ll error or over51ght n test%ng shoyld He care-
toring metHods carried out in accordance with the provi- fully scrutinized whenever discrepancies between the test
sions of Patt 21. results and expected heat exchanger performancé occur.
Three tygjes of potential inadequacies may be indicated Some typical examples of causes of errors in testing of heat
as follows: exchangers are presented below:
(a) heat [duty deficiency (a) The instrumentation is.fmprecise, faulty, of inade-
(b) excegsive pressure loss quate. The demand on the.level of required instfrument
(c) mechanical dysfunction accuracy depends on the temperature approacl] in the
heat exchanger under the test conditions. The test engi-
neer should establish the instrument accuracy l¢vel re-
A-1 HEAT| DUTY DEFICIENCY quirements and_establish that the selected or available
Thermal performance degradation of the heat instrumentation is adequate. The measurement jof vital
exchanger pelow its design point may be due to actual data (i.e., flow rates and terminal temperatures)|should
deterioratipn in the heat exchanger’s heat duty due to have, inSofar as possible, redundancy to prqvide a
cooling flulid side fouling, process fluid side fouling, means.of double-checking key data. Additional mpasure-
and/or mefhanical dysfunction. Degradation may also ments (i.e., of intermediate fluid temperature bptween
be indicated due to errors caused by improper application _&wo shell or tube passes) can also provide useful informa-
ofthe meth¢ds outlined in Part 21 (e.g., testing errors and/ tion to identify performance deficiencies. For pressure
or computdtional errors). measurements, deposits on or around the sensing
1 element or pressure tap may result in significant error.
A-1.1 Cooling Fluid Side Fouling (b) The heat load for the test is inadequate. [This is
The most common reason for actual decline in heat closely tied to errors, sensitivities, and uncertainties,
exchanger [performance is fouling beyomithe design as discussec} in Part 2.1. Heat. loads that might not other-
point for the heat-transfer surfaces. Ifi most cases, the wise be available during testing can be provided Hy sche-
fouling ocgurs on the cooling fluid, side of the heat duling testing (when pOS,Sible) during plant Cf)Ol'd pwn for
exchanger. decay _heat coolers, during heatup and recirculdtion of
water in the borated (refueling) water storage thnk for
A-1.2 Process Fluid Side Fouling containment spray heat exchangers, by using feactor
building temperature during startup for contajnment
If cleaning of the cogling fluid side does not restore  ¢qolers, using spent fuel pool heat, using suppldmental
performarnce, then, the possibility of fouling on the  heaters, as well as other methods. When using $upple-
process fluid side ofthe heat exchanger should be inves- mental heaters, it is necessary to ensure that adequate
tigated. THis is best achieved by performing a heat- mixing of the heated air is occurring.
transfer t¢stfollowing a thorough cleaning on the (c) The flow rates selected for testing result in|severe

cooling fluld—stde1f tire performmance 15 st shortof
design by more than the design fouling resistance,
then process 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 dysfunction
should be investigated (see section A-3).
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temperature cross (a condition where the cold fluid outlet
temperature exceeds the hot fluid outlet temperature)
such that the heat exchanger performance is insensitive
to large oscillations in flows.

(d) Testing is performed without complete vent-off of
the noncondensibles. Trapped air (i.e., an air pocket) may
render a portion of the tube bundle ineffective during the
test.
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(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 mathema-
tical analysis of the test data. Some examples of incorrect
analysis are presented below.

(a) The tuhe- si
conditipn is sufficiently low so as to produce laminar con-
ditions|in all or part of the tube bundle while the math-
ematical analysis uses turbulent flow correlations.

(b) Fouling on the tube surfaces has occurred unevenly
in different tube passes while the mathematical analysis
assumgs uniform fouling deposition.

(c) Hxtensive plugging of tubesin one or two passes has
caused|gross inequalities in the number of tubes in the
differ¢nt passes while the mathematical analysis
consid¢rs equal number of tubes in each tube pass.

(d) The header design of the heat exchanger produces
apprecjable flow maldistribution among the tubes while
the anglysis assumes uniformly distributed flow.

(e) The baffle configuration is not appropriately
modeldd.

A-2 EXCESSIVE PRESSURE LOSS

Meagurement of pressure loss is an important way to
obtain [heat exchanger performance characteristics«that
are notfso easily derived from thermal data alone. Pressure
lossis discussed below in terms of tube side, shell'side, and
in plat¢ heat exchangers.

A-2.1 [Tube-Side Pressure Loss

Excepsive tube-side pressure loss.is almost always an
indicator of a large accumulation of foreign matter
(macr¢fouling) in the tubes; or on the tube sheet,
leading to flow blockagérand roughening of the tube
inner purface. Moderate pressure loss may be the
result pf biological fouling (or other microfouling) of
the tulje inner surface (see Nonmandatory Appendix B
of this [Part, séction B-11).

A-2.2 |Shelt-Side Pressure Loss

DIVISION 2, Part 21, Nonmandatory Appendix A

the shell-side flow in crossflow, causing an increase in
pressure loss as well as an increase in heat transfer.

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 Nonman-
datory Appendix B of this Part, section B-10).

If flushing or cleaning does not restofre p4
then the possibility that mechanical,dysfu
be causing the performance degradation shou

trformance,
nction may
Id be inves-

tigated. In most cases, mechanicahdysfunction is intrinsic

tothe design and/or manufactureofthe heate
certain limited instances it is,possible to mod
exchanger to eliminateCor minimize the effg
dysfunctions. These dysfunctions may inclu
not limited to, thosedescribed below.

A-3.1 Tube<Vibration

Over a‘period of time, steel baffles in c
exchahgers may corrode, resulting in enla
baffle;holes. An enlarged baffle hole enabl
towvibrate with a larger amplitude. The effect d

kchanger. In
ify the heat
cts of such
de, but are

brtain heat
rgement of
bs the tube
f this vibra-

tion on the heat-transfer rate is small when ifp the turbu-

lent regime. However, under laminar cond
mechanical vibration may cause a chan|
regimes, and thus alter the shell-side film cg

Another reason for tube vibration is inade

tions, tube
ge in flow
efficient.

uate baffle

spacing for the shell-side flows. This problem usually

reveals itself during initial operation d
exchanger. Additional staking (the process
a “stake” between adjacent tube rows to lim
placement under dynamic conditions) may
to prevent collisions between adjacent tubes
movement at the center of the unsupported

In a properly designed heat exchanger, tul
usually does not occur unless the shell-side flo
than twice the design flow. If a heat exchang
vibration with laminar flow, then something
wrong with the heat exchanger.

A-3.2 Interfluid Leakage

f the heat
bf inserting
it tube dis-
be required
by limiting
tube span.
e vibration
w is greater
er has tube
is seriously

Excessive shell-side pressure loss generally originates
from flow blockage, although the blockage mechanism
may be more complex. Clearances between the baffles
and the shell ID, and between the tubes and baffle
holes, contribute to the reduction of the overall shell-
side pressure loss by diverting some of the flow into
the leakage and bypass streams. Deposition of corrosion
products in these narrow passages may alter the flow field
in the heat exchanger, resulting in an increased portion of

Massive tube leaks may cause errors in pressure

measurements, affecting the accuracy of the methods
that rely on pressure, and the conclusions drawn from
them. For example, a tube leak could cause the corrected
pressure loss to be low (normally a good indication) when
in fact the performance of the heat exchanger is degraded
(due to the tube leak).

Another path for interfluid leakage is at the tube-to-tube
sheetinterface. Often a very small leakage path in this area
will increase in size due to the high AP between the tube
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side and the shell side. This will result in a “worm hole,”
which will allow leakage between the tube and shell sides.
Because plate-type heat exchangers are especially
sensitive 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 theair flow isheing measured, the actual air flow

ASME OM-2020

tion of the heat exchanger is significantly degraded due to
the bypass flow. Internal bypass flow often results in
temperature stratification of the outlet fluids due to inade-
quate mixing and/or nonuniform heating of the fluid. This
may significantly affect the accuracy of the measured
outlet fluid temperatures (refer to Nonmandatory Appen-
dix B of this Part, section B-3).

Changes in internal bypass flow may occur in heat
exchangers due to the following:

(a) internal deformations caused by shop or system

across the cpil will notbe accurately measured. Likewise, if
air temperature is being measured upstream of where the
airin-leakage is, the inlet air temperature may not be accu-
rately meagured, especially if the air in-leakage tempera-
ture is significantly different than the ducted air
temperatufe. If test results for the ducted air cooler
appear errgneous, inlet air in-leakage should be consid-
ered, locatdd, and quantified.

A-3.4 Internal Bypass Flow

Althougl} less common than fouling as a cause for
performanice degradation, internal bypass flow may
occur in both tube and shell sides, and its effect on reduc-
ing the heat duty may be quite considerable [see refer-
ences in|Part 21, paras. 3.2(a) and 3.2(b)].
Furthermofe, the corrected pressure loss may indicate
low (normdlly a good indication), when, in fact, the condi-

pressure testing of the equipment; typical of such p situa-
tion is the bowing of the unstayed (U-tube)tube sheet
when the heat exchanger is hydrotested,

(b) internal deformations due to improper co
tion, fluid impingement forces/and/or exd
thermal strain. Typical of such assituation is the
(either damaged or missing) af'd pass partitio
gasket due to excessive flow~excursions, which [results
in significant shell-side flow~bypassing the tube pundle.
Another example is deformation of pass pajrtition
plates in the channels of certain types of heat exchangers
(e.g., TEMA types‘AJand C) due to high differential pres-
sures caused.by. tube blockage, resulting in tube-side
bypass flow.

(c) misinstallation or wear of longitudinal baffle seal
strips;(used in certain removable bundle TEMA|type F
or G\shells).

nstruc-
essive
failure
h plate
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Precautions
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Som§ precautionary measures to avoid misinterpreta-
tion of fest data and to prevent damage to the equipment
during|testing are presented below.

B-1 EXCESSIVE FLOW

Testing the heat exchanger at a shell-side flow rate that
exceedp the design flow rate should not be done unless the
tubes are determined to be safe from flow-induced vibra-
tion (refer to Part 11 for additional discussion).

Testing the heat exchanger at tube-side flow rates that
exceed|the design point may not presenta serious problem
as long as the testing is of limited duration.

Excepsive flow rates may occur when performing flow
balanc¢ testing of the system.

When heat exchangers are designed for series or
parallel operation or when pumps operate in parallel,
there efxists the potential for operating a heat exchanger

in exce
to a pg
operat
can re
mode 3
(a)
design
flow to
(b) 1
design
the floy
(c) 4
capacit
water

s of its allowable flow. The flow rates may increase
int that will cause malfunction or damage to the
ng unit. Listed below are three situations that
sult in an overload or an abnormal operating
s a result of flow conditions.
emoving a heat exchanger from service that is
bd for parallel flow operation without throttling
the heat exchanger remaining.in service
emoving a heat exchanger-from service that is
ed for series flow operation without adjusting
vV rates to the heat exchanger remaining in service
perating a heat exchanger with increased pumping
y; for example, with three half-capacity cooling
bumps operating in parallel

If the design dimits are exceeded, accelerated erosion
and failure may.eccur. There are no definitive guidelines
presenfly available that can adequately determine the
relatio{ship of erosion to length of time at overload or

It should be noted that reducing flow rate
design flow rates (to increase temperature
and, thus, to increase test accuracy) will hequ
lation back to the original design conditions. 1
flow rates may also prevent the heat exch
achieving steady-state conditions:

When using one of the héat-transfer coe
methods, the heat exchahger should be teste
cient number of shell:side flow rates to alld
shell-side film coefficients to be back-calcy
the preservicedest data. This will allow ex
of the shell-side film coefficient at any futui
test shell:side flow rate.

B-3 TEMPERATURE STRATIFICATION

Temperature stratification may occur
thermal streams within a fluid are not

k below the
differences
re extrapo-
he reduced
hnger from

[ficient test
d at a suffi-
w multiple
lated from
trapolation
e inservice

whenever
dequately

mixed. Since many of the test thermowells provided by

system designers are located directly on th
the heat exchangers, where thermal stream
to exist and where adequate mixing is n
occur, most temperature stratification prol
in measuring outlet fluid temperatures. Th

e outlets of
s are likely
t likely to
lems occur
is problem

can be minimized by intentionally mixing the thermal

streams, and then taking the temperature m
downstream from where the mixing occurs. M
achieved by allowing the outlet fluid to pass
least two pipe bends or through a discharge v:
measurement. If this or other measures are n
then provisions should be made to install 3
temperature sensors, 90 deg apart, and th
the readings.

When laminar flow is assumed, there is th
possibility of having temperature stratificati

pasurement
Ixing can be
through at
ilve prior to
ot possible,
t least two
en average

e increased
b1,

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.
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B-4 OVERCOOLING

Maintaining turbulent flow for the duration of the test

(to keep the correlations valid) could result in overcooling
systems served by the heat exchanger. This is especially
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.
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B-5 FLASHING

Flashing of the cooling or process fluid may occur if
there is a loss of static pressure in the fluid system.
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

£ £ d £ 43
Fatatre—rtowart—sataratiott:
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(c) ifthe selected method would result in unacceptable
safety system unavailability

Where radiation exposure is a concern, consideration
should be given to performing one overall test of a pair 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.

fluid tempe

Flashing
described
assume thal

will also invalidate many of the methods
in Part 21, since the correlations used
t flashing is not occurring.

B-6 EFFE

When ev3
heat-trans
(including
be conside
of the plug
area. The 1

CTIVE SURFACE AREA

luating heat exchanger performance using the
fer method, any deliberate tube plugging
those plugged during initial service) should
red by removing the effective surface area
ged tubes from the total effective surface
eduction in the number of tubes available
for flow wl{ll increase velocity through the remaining
tubes and, |hence, increase the inside film coefficient,
h;. While these two effects will tend to offset each
other, they| must still be taken into account to ensure
an accuratel evaluation of the overall heat-transfer coeffi-
cient and the total heat duty.

If “enhanfed tubes” (i.e., tubes with internal or external
fins) are uded in the heat exchanger, then the effective
surface areg due to these enhancements must be propetly
accounted fpr (i.e., accounting for the area on bothssides of
a finned sufface).

When evgluating heat exchanger performance using the
pressure lo$s method, tube plugging will résult in a higher
differential pressure across the heat exchahger for a given
flow rate. Thus, tube plugging must be accounted for here
as well.

B-7 WATER HAMMER

In establfshing systém-alignment and conditions for
testing, prefautionshould be taken to prevent the occur-
rence of water hammers.

B-8 MISCELLANEQUS CONSIDERATIONS

B-10 PLATE HEAT EXCHANGERS

While Part 21 primarily addresses shellland tu
exchangers (as shell and tube heat exchangers cyrrently
dominate most safety-related applications), Part|21 has
been written to be applicable to-“plate and frame” or
“plate” heat exchangers as wellkHowever, due to th¢ signif-
icant differences between these two types of heat ¢xchan-
gers, caution should be exer¢ised when applying Part 21 to
plate heat exchangers.(Ih ' many instances, the manufac-
turer will need to,belsolicited for specific design param-
eters and constants (which are often consfdered
proprietary) before applying Part 21 to plate heat ¢xchan-
gers.

Some additional precautions are described bel

be heat

B-10.1 Torque Requirements

cal that
pr tigh-
odoso
mance.

If plate heat exchangers are being used, it is criti
the manufacturer’s recommendation be followed f
tening torque when assembling the plates. Failure
may result in leaking gaskets and decreased perfor

B-10.2 Flow Stability

Plate heat exchanger pressure losses are very s¢
to changes in flow. Thus, flow stability becomes eve
important for plate heat exchangers when using th
sure-loss monitoring method.

nsitive
nmore
e pres-

B-11 FOULING CHARACTERISTICS

The type of fouling present in the heat exchan
significantly affect the test and/or monitoring repults. 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

ber can

While the criteria for selection of methods (as presented
in Part 21) should, in general, be followed, there 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
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levels that can cause significant degraded heat transfer.
If, however, the fouling layer creates a rough constriction
(asistypical of mostbiofilms) or results in tube plugging at
the inlet tube sheet, then the pressure loss can be signifi-
cantly higher than that calculated due to smooth constric-
tion and may serve as a very good indicator of fouling due
to blockage.
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B-12 COMPONENT DESIGN FUNCTION

Although Part 21 is written to ensure that heat exchan-
gers meet their “safety function,” it is also important to
compare results to the heat exchanger “design function.”
This is important because of the “margin” that may exist
between the “safety” performance point and the “design”
performance point. For example, cleaning a heat
exchanger that has margin to the point of meeting its
safety performance point may still leave some residual

DIVISION 2, Part 21, Nonmandatory Appendix B

temperature sensors, or due to the thermal resistance
of thermowells and air spaces, if using thermowells).

(b) Temperature Measurement External Transport
Timeshift. The difference between actual fluid tempera-
ture and indicated fluid temperature due to the fluid trans-
port delay time between the heat exchanger and the
location of the temperature-measuring device, external
to the heat exchanger.

(c) Temperature Measurement Internal Transport
Timeshift. The change in fluid outlet temperature in

fouling-en—the—tubes—thatcowldtaterresulintube
pitting] Thus, comparing results to the safety function
of the heat exchanger is important to ensure operational
readingss, but this should not exclude comparing results
to the Hesign function of the heat exchanger to ensure
reliabillity.

B-13 1

Erro
discus

[HERMAL DELAYS

s, in addition to the bias and precision errors
ed in section 8 of Part 21, may be introduced
into testing by the following thermal delays:

(a) [Femperature Measurement Transient Response. The
difference between the actual fluid temperature and the
indicatpd fluid temperature due to the thermal inertia of
the mdasuring device (e.g., thermal delays due to the
thermdl resistance of piping, if using surface-mounted

response to a change in fluid inlet temper]Tture, prior
to establishing a new steady state and dueto-the transport
delay time of the fluid passing throughtheheat exchanger.

These thermal delays should be propérly adcounted for
to minimize additional errors. By, properly applying the
testing and monitoring conditions as outlihed in Part
21, section 7 (e.g., achievingst€ady-state test fonditions),
these additional errors(an be minimized.

B-14 MATERIAL(PROPERTIES

Where heat'exchanger tube (or plate) materjial has been
changed from a’copper alloy to a stainless steeljalloy, biolo-
gical fouling may be experienced even though it may not
have been experienced with the copper aljoy. This is
becatse copper alloys create a toxic film that tends to
retard biological growth.
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Part 21, Nonmandatory Appendix C
Examples

This Apjpendix provides examples to demonstrate
simplified gpplication of the methods described in Part
21. Paragraph 3.2 provides additional references that
may be uged if more complex application of the
methods is|required.

C-1 FUNCTIONAL TEST METHOD

The methodology used in the following example
involves determining the temperature of interest (in
this case, dontainment spray pump bearing tempera-
tures), and fhen comparing it with the acceptance criteria
(in this casd, the pump manufacturer’s maximum allowed
temperatufe). The test is performed with the cooling
system (if this case, component cooling water, or
CCW) placdd in a simulated design accident condition.

As demopstrated by the following example, the func-
tional test fnethod is ideally suited for heat exchangers
on a closed cooling loop system, as the temperature of
the closed ¢ooling loop can be more easily manipulated
than that of an open cooling loop.

C-1.1 Establish Cooling Water Maximum Design
Congitions

The CCW|system is allowed to climb to@and stabilize at
its 130°F design temperature by red{icing the service
water flow [through the CCW heat exchanger.

C-1.2 Establish Flow

The CCW|flow through thielbearing coolers is brought to
the design point via system alignment, but the flow need
not be meajsured.

C-1.3 Establish Temperature of Interest Design
Con?iitions

C-Z HEAT TRANSFERCOEFFICIENT TEST METHOD
(WITHOUT PHASE CHANGE)

The heat transfer coefficient test method (Without
phase change) is used to determinesthe heat transfer
capability of the heat exchangeri. The heat tgansfer
capability may be calculated ifderms of either| of the
two following quantities, Q,-and r:

(a) Q, (the projected heat duty at design accidgnt con-
ditions). Q4 (the requiredheat duty at design accidgnt con-
ditions) would represent the “system operability limit”
and would be used-to develop the “required|action
limit” for the a€geptance criteria (see section 9).

(b) r. (thextotal fouling resistance at the test] condi-
tions). r,(the total fouling resistance specified at
design-adcident conditions) would represgnt the
“system operability limit” and would be ujsed to
deyelop the “required action limit” for the accgptance
criteria (see section 9).

In terms of the equations that follow,

1= 1o, ¢((L/Ef) + 13, 1(Ag t/A; 1)

and
ra = 1o,d(1/Ef) + 1 4(Ag 4/A; 4)

where (dropping the subscripts “t” for “test conditions”

and “d” for “design accident conditions”)

A; = inside effective surface area, ft?, balsed on

inside surface area, including any fin prea

A, = total effective surface area, ft?, baked on
outside surface area, including any fif area

A,/A; = ratio of total-to-inside effective surfafe area

(dimensionless)

Ef = weighted fin efficiency (dimensionless, equal

to 1 for nonfinned tubes, less than 1 foy finned

The containment spray pump is then operated and the
two pump-bearing temperatures reach steady-state
values of 143°F and 145°F.

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.

tubes)

r = total fouling resistance, hr-ft2-°F/Btu, based
on outside surface area

r; = inside fouling resistance, hr-ft2-°F/Btu, based
on inside surface area

r, = outside foulingresistance, hr-ft2-°F/Btu,based
on outside surface area

For the heat transfer coefficient test method (without
phase change), first, the design film coefficients are calcu-
lated using the mean temperature difference (MTD)
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method and back-calculation. 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 accident (emergency) conditions is determined,
given the current fouling level measured under test con-
ditions.

The methodology used in the example below can be
applied to any heat exchanger, with the exception of
coil-tube heat exchangers.

DIVISION 2, Part 21, Nonmandatory Appendix C

T2,q4 = process fluid outlet temperature, °F, at
design accident conditions
t, 4 = cooling fluid outlet temperature, °F, at design

accident conditions

C-2.1.1.1 Data Set (for a Counterflow Heat

The ¢xampleis foradecay heatcooler thatis a shell-and-
tube hdat exchanger with the process fluid on the shell side
and thd cooling fluid on the tube side. The heat exchanger
is designed as a counterflow type with one shell pass and
two tube passes.

Thisis a relatively simple example that assumes that no

Exchanger)
LMTD,; = 43.65
Tiq = 140.0
tl,d = 75.0
Trq = 119.3
tra = 97.0
C-2.1.2 Calculate MTD,

MTD; = (LMTD))(F;)

tubes afe plugged and there is an equal number of tubes in where
each tupe pass. The relationship for the log mean tempera- F; = LMTD correCtion factor (dimengionless), to
ture difference correction factor can be easily solved and is adjust fordeviations from true dounterflow,
well dgcumented in the literature. at design accident conditions (dquals 1 for
The dlata set given in para. C-2.1 is taken from the design trie counterflow and parallel flow)
accident conditions and is used to back-calculate the LMTD, =Jog mean temperature differdnce, °F, at
outsidg film coefficient, based on outside surface area, design accident conditions
at design accident conditions. The data set given in MTDy'= mean temperature difference, °F, at design
para. (-2.2 is taken from the test point and is used to accident conditions
project the heat duty at design accident conditions by
using the ratio method to calculate the outside film coeffi- F, is a function of Ry and P, and can be obfained from
cient, based on outside surface area, at the test conditions Figures B-1 through B-9 of the reference giyen in para.
and solving for the total fouling resistance at the test con- 3.1(b) or Figures T-3.2A through T-3.2M of tHe reference
ditions ) ) ) in para. 3.1(a).
In thie example below, the cooling fluid flow rate:is the
same af the test and design accident conditions;however, Ry= (Tl,d - Tz,d)/(tz,d - fl,d)
the codling and process fluid inlet temperatures and the By=(tyg—t1,0)/(Ti,q — t,4)
process fluid flow rate at the test conditidns are less than
their cgrresponding values at the degign accident condi- where
tions. P; = temperature effectiveness (dimensgionless) at
. . . .. design accident conditions
C-2.1 [Evaluation at Design‘Accident Conditions Ry = capacity rate ratio (dimensionlesg) at design
(MTD Method) accident conditions
C-2.1.1 Calculate KMTD,. For parallel flow Ti1q = process fluid .it'ﬂet temperature, °F, at design
accident conditions
LMTDy = (h,d = td) = (Ba — td) t14 = cooling fluid inlet temperature, °¥, at design
n[(T,q — t,0)/(Ta,q — ta,d)] accident conditions
T, = process fluid outlet temperature, °F, at design
For trye counterflow accident conditions
— — — tr—=—coolingfhtidoutlettemperature—2F, at design
LMTDy; = Ui = Ba) = (1d = hya) accident conditions
In[(T,q = t2,0)/(T,q — #,4)]
where NOTE: For F correction factor curves that are available for split-
. o flow, divided-flow, and cross-flow heat exchangers, T; and T,
LMTD,4 = log mean temperature difference, °F, at shall be for the shell side fluid and t; and t, shall be for the
design accident conditions tube side fluid.
T14 = process fluid inlet temperature, °F, at design
accident conditions C-2.1.2.1 Data Set (for a Counterflow Heat
t1,4 = cooling fluid inlet temperature, °F, at design Exchanger)
accident conditions F; = 0.9588
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U,; = overall heat transfer coefficient, Btu/hr-ft2-°F,
based on outside surface area, at design acci-

dent conditions*

CAUTION: Plugged tubes, if not equally plugged in each tube
pass, willresultin 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 to be employed to accurately solve the problem.
For the sake of this example, we are assuming no plugged

Pg = (tza = t1a)/(Tra — t1d)
= (97.0 - 75)/(140.0 - 75)
= 0.3385

Ry = (Tya — T2a)/(t2a4 — t1,a)
= (140.0 - 119.3)/(97.0 - 75.0)
= 0.9409

Tiq = 140.0

tl,d = 75.0

Tpq = 1193

trqg = 97.0

This result (specifically for a one-shell pass, two-tube pass

flow arranjgement) can be obtained in either of the
following ways:

(a) byrepding the number from Figure B-1 of the refer-
ence in parp. 3.1(b)

(b) by callculating the number from the following equa-
tion (the subscript “d ” has been dropped for simplicity):

ForR#1
F E (R2 + 1)1/2/(R - 1)]
[ln[(l ~ P)/(1 - PR)]
/h{{z ~ PR+ 1- (R2 + 1)1/2]}
/{2 ~ PR+ 1+ <R2 + 1)1/2]}”
ForR=1
F=[p/(1]- P)]

(21/‘ /ln{[z — P2 - 2H/12 - P2 21/2)]})

where

MTD,4

tubes amdequaltabe passes:

NOTE: Refer to Nonmandatory Appendix B of thisRart; s
6 for precautions related to effective surface (areas.

ction B-

C-2.1.3.1 Data Set (for a Counterflow Heat

Exchanger)
Anq = 5,080
MTD, = 41.85
Q4 = 65,870,000
Uy = 309.8

C-2.1.4 Calculate r,, (for Back-Calculating h{
bare tubes

ry = (d,/24k) In[d,/(d, — 2t)]

For integral circumferentially finned tubes
tld, + 2nz(d, + z)]
r —
v 12k(d, — t)

For extended finned tubes
Ao,ddo In[d,/(d, — 2t)]
t, =
v 24k(Ao,tube)

4). For

where
Additional equations are available for other flow Aoa = totall effective surfac.e aref’a, ft, based on
arrangements, and can be found i the references in out51d.e surfac.e area, 1ncl.u.d1ng any fin area,
paras. 3.2(1) through 3.2(1). at dtles'lgn' accident conditions, from|design
specification sheet
LMTDp="43.65 A, rupe = total bare tube surface area, ft?, based on
MTDj = 41.85 outside surface area, at design accident con-
ditions
C-2.1.3 (alculateclUy d, = outside diameter of bare tube dr root
vy = Qd/(Ao,d)(MTDd) diameter of fin, in.
k = thermal conductivity of tube wall, Bty/hr-ft-
°F, from the reference in para. 3.2(g)
= total effective surface area, ft?, based on n = number of fins per in.
outside surface area, including any fin area, rw = tube wall resistance, hr-ft*-°F/Btu, based on
at design accident conditions, from design outside surface area, at design accident con-
specification sheet ditions
= mean temperature difference, °F, at design t = tube wall thickness, in.
accident conditions z = fin height, in., from design specification sheet

Qa

= heat duty, Btu/hr, based on outside surface
area, at design accident conditions, from
design specification sheet

or drawings

1 U, may also be obtained from technical specifications and design

specification sheets.
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C-2.1.4.1 Data Set (for a Counterflow Heat ug = 0.7966
Exchanger)
d, = 0.75 C-2.1.7 Calculate h; 4 (for Back-Calculating h,, 4). For
k = 8.754 turbulent flow, Re; > 10,000
n = n/a (bare tubes) 0.14
rw = 0.0004999 hi.g = 0.023(12ky/d) (Reg) S (Prp)' 3 g/ 1, 1)
t = 0.049
z = n/a (bare tubes) For laminar flow, Re; < 2,100
; hi g = 1.86(12ky/d;)(Rey)'/ 3 (Pry)'/3(d;/L)"/3
C-2.1.5 Calculate Re, (for Back-Calculating h,, q) i,d . d/ i d d i
0.14
Rey = (124p,Vad;) /1y <ﬂd/ﬂw d)
where where
d; [ inside diameter of tube, in d; = inside diameter of tube;\in
Req Rzyngqu n‘?r&qbgr (dlm.ZnSISHIeS(Si?t_Of the tube h;4s = inside film coefficient; Btu/hr-ft2-°F, based on
sice fluld at design accident concitions inside surface ared,/at design acciflent condi-
V4 E tube velocity, ft/sec, based on flow rate and tions
fir.sss-sectlonal flow area, at design accident con- ks = bulk thermal>eéonductivity, Btu/hr-ft-°F, of the
tons . . L tube side-fluid at design accident|conditions,
Uq E bulk absolute viscosity, centipoise, of the tube from he Yeference in para. 3.2(¢)
side fluid at design accident conditions, from _ . o
L = total length of tube, in., carrying|flow, from

the reference in para. 3.2(f)

paq E bulk density, Ibm/ft?, of the tube side fluid at
design accident conditions, from the reference
in para. 3.2(f)

design specification sheet or drawings

Pry, = Prandtl number (dimensionless) pf the tube
side fluid at design accident conditions

Ré; = Reynolds number (dimensionless) |of the tube
side fluid at design accident conditions

C2.1.5.1 Data Set (for a Counterflow Heat uq = bulk absolute viscosity, centipoise,|of the tube
Exchanger) . . : : .
d E 0652 side fluid at design accident conditions, from the
- f i .3.2
Re, | 49,400 (definitely turbulent flow) _ reference in para. 3.2(f) .
Uwq = absolute viscosity, centipoise, of the tube side
Vqa E 7.83 . . . .
fluid at the tube wall temperature at|design acci-
Ug E 0.7966 s .
dent contitions, from the reference in para.
pa E 62.16

3.2(f)

C-2.1.6 Calculate Pr, (for Back-Calculating h,,q) C-2.1.7.1 Data Set (for a Counterflow Heat

Pry = (242Cpmy)/%g Exchanger)
d,’ = 0.652
where h;s = 1503
Cpq E specific heat, Btu/lbm-°F, of the tube side fluid at ks = 0.3556
design accidenitconditions, from the reference in L = n/a (turbulent flow)
para. 3.2(€) Pry = 5.411
ks F bulk thermal conductivity, Btu/hr-ft-°F, of the Rey = 49,400
tube.side fluid at design accident conditions, uqg = 0.7966
from the reference in para. 3.2(e) Uwa = 0.7966 (use same value as g for this tempera-
Pr, E_Prandtlnumber (dimensionless) of the tube side re ran
fluid at design accident conditions
ug = bulk absolute viscosity, centipoise, of the tube C-2.1.8 Calculate Ef (for Back-Calculating h,, )
side fluid at design accident conditions, from — 1 _TAx _
the reference in para. 3.2(f) Br=t Afin,a/ Ao,all 1 =11
where
C-2.1.6.1 Data Set (for a Counterflow Heat Afing = totalfin surfacearea,ftz,atdesignaccidentcon-
Exchanger) ’ ditions
Cpq = 0.9982
ks = 0.3556
Pry = 5.411
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A, q = total effective surfacearea, ft?, based on outside
surface area, including any fin area, at design
accident conditions, from design specification
sheet

Ef = weighted average of efficiency of outside
surface
n = fin efficiency

For efficiencies of fins around a single tube, the fin effi-
ciency, n, may be calculated using Figure C-4.1 of the refer-

ASME OM-2020

A, q = total effective surface area, ft%, based on
outside surface area, including any fin
area, at design accident conditions, from
design specification sheet

A, q/A;q = ratio of total to inside effective surface area
(dimensionless) at design accident condi-
tions

E; = weighted fin efficiency (dimensionless,
equal to 1 for nonfinned tubes, less than
1 for finned tubes)

ence in parp. 3.2(d). If a fin is shared by more than one
tube, the arpa associated with one tube may be calculated
by dividing fhe fin sheet area by the number of tubes pene-
trating this| fin.

1/2
2
dn = [(4Asheet/””) + 4, ]

where
Asheer = prea of one side of multitube fin, in.?
dfn = quivalent diameter of a single tube fin, in.
d, = putside diameter of bare tube, in.
n = pumber of tubes sharing single fin

This dg,, alpng with other fin parameters, can be used to
calculate fin efficiency, n.

(1/hgng) = (1/ho g) + 75,4

Im coefficient of fin, Btu/hr-ft*>-°F, at design
ccident conditions

utside film coefficient, Btu/hr-ft>-°F, based on
utside surface area, at design accident condi-
ons

utside fouling resistance, hr-ft*-2F/Btu, based
n outside surface area, assumed for design
ccident conditions, from, design specification
heet

=
N
QU
1l

LN 9 o o . o o Q) 2

Since h, 4 dgpends on Eg; and:Exdépends on h, 4 the solu-
tion is iterdtive.

Calculate R, 4

h;q = inside film coefficient, Btu/hr-ft°-°H, based
on inside surface area, at design-afcident
conditions

h,q = outside film coefficient, Btu/hr-ft2-°I,based
on outside surface areapat design akccident
conditions

riq = inside fouling resistance, hr-ft?- F/Btu,
based on inside-surface area, assurped for
design accident conditions, from [design
specification sheet

r,q = outside fouling resistance, hr-ft2- F/Btu,
based)on outside surface area, aysumed
fof. design accident conditions| from
deésign specification sheet

Iy = tubewall resistance,hr-ftz-°F/Btu,based on
outside surface area, at design accidgnt con-
ditions

U,; = overall heat transfer coefficient, Btu hr-ft?-
°F, based on outside surface area, atl design
accident conditions

If either r;4 or r, 4 is not given, assume it is equal o zero.

CAUTION: The h, 4 calculated by this method will be yalid for
the test condition only if the shell side test flow if main-
tained in the same flow regime as the shell side|{design
flow, and only if phase conditions are the same [for the
test and design conditions. If these conditions cannot be
met, then the direct calculation method (below) or acompu-
terized method must be used.

C-2.1.9.1 Data Set (for a Counterflow Heat

which becomes

Exchanger)
C-2.1.9 Using the*Values Calculated Above, Back- AgafAig = 115
Ef = 1.0
_ hyg = 1,503
Ug = 1/, g(X2Ef) + 1 4(A a/As a) + (1/hg 4)(1/Ef) hey = 2581
+ 1y + (1/hi g)(A, 4/A; 4)] ria = 0.0005
Foa = 0.001
r, = 0.0004999
U, = 309.8

ho,d = V/Ef(1/Uy) — (r,4/Ef) — 1 d(Ap d/Aj a) — 1y

= (1/hj 9) (A, q/Ai @)]

where
A;q4 = inside effective surface area, ft?, based on
inside surface area, including any fin
area, at design accident conditions

C-2.1.10 Calculate h, 4 (Direct Calculation Method).
Empirical relationships for h, may be found in the litera-
ture that allows for direct calculation at different flow
rates and for different configurations [for these relation-
ships and direct calculation methods, refer to para. 3.2(m)
and references therein].
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C-2.1.10.1 Data Set (for a Counterflow Heat
Exchanger)
h,4 = n/a (using back-calculation method)

C-2.2 Evaluation at Test Conditions

C-2.2.1 Collect the Test Data. Record the following
temperature and flow data at steady-state conditions.
This set of data will be termed the test point. Only five
of the six parameters are required (the sixth being calcu-

lated); poweverforvaliditrptrpe para—S-50
Part) it is recommended that all six parameters be
record¢d.
T1,¢|= process fluid inlet temperature, °F, at test con-
ditions
t1,¢|= cooling fluid inlet temperature, °F, at test con-
ditions
T, |= process fluid outlet temperature, °F, at test con-
ditions
tp|= cooling fluid outlet temperature, °F, at test con-
ditions

W, |= coolingfluid flow rate,Ibm/hr, at test conditions
W,,|= process fluid flow rate, Ibm/hr, at test condi-
tions

C-2.2.1.1 Data Set (for a Counterflow Heat

Exchanger)
T.c|= 120.0
tl,t = 60
Tyc|= 97.5
tre|= 78.7

W.¢|= 3,000,000

Wp,|= 2,500,000

C-2.2.2 Calculate Q; (MTD Method):For process fluid
Q= Wp,t[cpp’t(ﬂ,t —T,)]

For cog¢ling fluid
Qe,r = Weel €, (1, — 12,0)]

where

Cp.¢| = bulkgspecific heat, Btu/lbm-°F, of the cooling
fluid at test conditions, from the reference in
para. 3.2(e)

NOTE: Refe ara guida
parameters should be measured and which should be calculated.
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process fluid outlet temperature, °F, at test con-
ditions

cooling fluid outlet temperature, °F, at test con-
ditions

cooling fluid flow rate, Ibm/hr, at test condi-
tions

process fluid flow rate, lbm/hr, at test condi-
tions

oD -11.4 for guidance on which of the above

C-2.2.2.1 Data Set (for a Counterflow Heat

Exchanger)
Cpc,t = 0.9988
Q: = 56,030,000
tl,t = 60.0
tZ,t = 78.7
W,. = 3,000,000 (note that test was dorle at design

flow rate)

C-2.2.3 Calculate LMTD, (MTD Method). For parallel

flow

For true counterflow

where
LMTD,

tor

LMTD; =

LMTD, =

(Ti,p —tip) — (B =ty
(T — t1,0)/ (T =ty

[

(Ti,p —tor) = (B — ti
W[(T,¢ — t,)/ (T — 116

[

= log mean temperature differencg, °F, at test
conditions
= process fluid inlet temperature], °F, at test
conditions
= coolingfluid inlet temperature, °H, at test con-
ditions
= process fluid outlet temperaturg, °F, at test
conditions
= cooling fluid outlet temperaturg, °F, at test
conditions

C-2.2.3.1 Data Set (for a Counterflow Heat

Cpp,cL =\bulk specific heat, Btu/lbm-°F, of the process Exchanger)
fluid at test conditions, from the reference in LMID, = 59.57
para. 3.2(e) Ty = 120
Q. = heat duty, Btu/hr, for the cooling fluid at test tye = 60
conditions Toe = 97.5
Qp,c = heat duty, Btu/hr, for the process fluid at test tar = 78.7
conditions
T1: = process fluid inlet temperature, °F, at test con-
ditions
t1: = cooling fluid inlet temperature, °F, at test con-
ditions
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C-2.2.4 Calculate MTD,; (MTD Method)

ASME OM-2020

(a) byreadingthe number from Figure B-1 of th
ence in para. 3.1(b)

erefer-

(b) by calculating the number from the following equa-
where tion (the subscript “t” has been dropped for simplicity)
F, = LMTD correction factor (dimensionless), to ForR # 1
adjust for deviations from true counterflow,
at test conditions, equals 1 for true counter- F = <R2 + 1)1/2/(R Y
flow and parallel flow
LMTD, = log rrlle.an temperature difference, °F, at test [ln[(l _ Py - PR)]
conditions
MTD, =| mean temperature difference, °F, at test con- 5 1/2
ditions /In {2 —PR+1— (R + 1) ]}
.Ft is a fupction of R, and P, and can b.e obtained from / 2—pPlR+14+ <R2 P 1)
Figures B-1{through B-9 of the reference in para. 3.1(b) or
Figures T-32A through T-3.2M of the reference in para.
3.1(a). ForR=1
Ry=(Ti,s — Tp)/(tyr — t1,4) F=[P/(1 - P)]
P = - T, —
y = (e —t1,)/ (T — t1) (zl/z/ln{[2 _ @ 2 - P2 + 21/2)]})
where o . )
P, = temperature effectiveness (dimensionless) at Additional equations are available for oth¢r flow
tekt conditions arrangements,*and can be found in the referefces in
R, = capacity rate ratio (dimensionless) at test con-  Paras. 3.2(h) through 3.2(D).
dikions LMTDy~= 39.37
T1: = process fluid inlet temperature, °F, at test con- MTD, = 37.52
difions
t1; = cooling fluid inlet temperature, °F, at test condi- C-2.2.5 Calculate U, (MTD Method)
tigns U = (Qy)/(A,,¢)(MTDy)
T, = process fluid outlet temperature, °F, at test con-
difions where
tz = cooling fluid outlet temperature, °F, at test con- A,. = total effective surface area, ft*, baked on
difions outside surface area, including any fin area,
and any reduction in area due to plugged
NOTE: For F forrection factor curves that are.available for split- tubes, at test conditions
flow, divided-flow, and cross-flow heat'\exchangers, T; and T, MTD, = mean temperature difference, °F, at tgst con-
shall be for the shell side fluid and t; and t, shall be for the ditions
tube side flufid. Q; = heat duty, Btu/hr, at test conditions
U, = overall heat transfer coefficient, Btu/h --ft2-°F,
C-2.214.1 Data Set{for a Counterflow Heat based on outside surface area, at test| condi-
Exchanger) tions
F, = 0.953
P, = (78.7 =+60)/(120 - 60)
= 0.8117 CAUTION: Plugged tubes, if not equally plugged in each tube
R, = (1R0C 97.5)/(78.7 - 60) pass, willresultin an unequal number of tubes in passes, and
¢ - 1203 thus violate the assumptions made in the LMTD correction
- factor charts. If this is the case, then computerized methods
Ty, = 120 may need to be employed to accurately solve the problem.
te = 60 For the sake of this example, we are assuming no plugged
Ty = 97.5 tubes and equal tube passes.
tr, = 78.7

This result (specifically for a one-shell pass, two-tube pass
flow arrangement) can be obtained in either of the
following ways:
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C-2.2.5.1 Data Set (for a Counterflow Heat
Exchanger)
A,: = 5,080 (note, there is no tube plugging

accounted for here)

DIVISION 2, Part 21, Nonmandatory Appendix C

C-2.2.6.1 Data Set (for a Counterflow Heat

Exchanger)
NTU, = 0.5
P, = (78.7 - 60)/(120 - 60)

MTD, = 37.52 = 0.3117
Q. = 56,030,000 R, = (120 - 97.5)/(78.8 - 60)
U, = 294.0 = 1.203
Ty = 120
C-2.2.6 Calculate U; (NTU Method) ti, = 60
U, = (NTUN(W, )(Cp /A, , Tae = 975
* A 7L A Toe = 787
where . o
A,| = total effective surface area, ft2, based on This result (specifically for a one-'shell pags, two-tube
’ . . . . pass flow arrangement) can be obtainéd in dither of the
outside surface area, including any fin area, .
and any reduction in area due to plugged following ways:
y s pluss (a) by reading the number from Figure B-12 of the
tubes, at test conditions reference in para. 3.1(b)
Cp.} = bulk specific heat, Btu/Ibm-°F, of cooling fluid para. o. .
’ - . (b) by calculating thetumber from the follgwing equa-
at test conditions, from the reference in para. . T . L.
3.2(¢) tions (the subscript, “t®’has been dropped foy simplicity)
NTU} = number of transfer units (dimensionless) at For R = 0 and R =‘infinity
test conditions N , NTU = In[1/(1 — P)]
U}l = overall heat transfer coefficient, Btu/hr-ft“-°F,
based on outside surface area, at test condi- For R # 0vand R # infinity
tions
W,} = cooling fluid flow rate, lbm/hr, at test condi- 2 )1/2

tions

NTU}is a function of R, and P, and can be obtained from
Figureq B-10 through B-12 of the reference in para. 3.1(b)
or Figures T-3.3 through T-3.3B of the reference in para.

3.1(a).

where

Re= (T, — B)/(ta — tip)
P = (ty,; — t1,6)/(Ti,¢ — tigg)

P, F thermal effectiveness\(dimensionless) at test

conditions

R, F capacity rate ratio\(dimensionless) at test con-

ditions

T1: F process fldid)inlet temperature, °F, at test con-

ditions

t1: F coolingfluid inlet temperature, °F, at test condi-

tions

NTU = [1/(R +1

lln[{z 1 (@) )
/{2 P 1)”2]}]]

Additional equations are available for [other flow
arrangements, and can be found in the references in

paras. 3.2(h) through 3.2(1).

Aot
Cpce
f
Wee

C-2.2.7 Calculate Re;

5,080
0.9988
294.9
3,000,000

Re; = (124Pt‘/¥di) /Hy

T, F ‘process fluid outlet temperature, °F, at test con- where
ditions d; = inside diameter of tube, im.
t,: = cooling fluid outlet temperature, °F, at test con- Re; = Reynolds number (dimensionless) of the tube
ditions side fluid at test conditions
V. = tube velocity, ft/sec, based on flow rate and
NOTE: For NTU curves that are available for split-flow, divided- cross-sectional flow area, at test conditions
flow, and cross-flow heat exchangers, T; and T shall be for the ue = bulk absolute viscosity, centipoise, of the tube
shell side fluid and ¢y, t,, W,,,, and Cp, shall be for the tube side side fluid at test conditions, from the reference
fluid. in para. 3.2(f)
p. = bulkdensity, Ibm/ft>, of the tube side fluid at test
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conditions, from the reference in para. 3.2(f)
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C-2.2.7.1 Data Set (for a Counterflow Heat Uy, = absolute viscosity, centipoise, of the tube side
Exchanger) fluid at the tube wall temperature, at test con-
d. = 0.652 ditions, from the reference in para. 3.2(f)
Re; = 39,900
Ve =78 C-2.2.9.1 Data Set (for a Counterflow Heat
U, = 0.9847 Exchanger)
pe = 62.31 d; = 0.652
h;e = 1,339
C-2.2.8 Calculate Pr; k. = 0.3474
Pr. = (2.42Co 1)/ k. L = n/a (turbulent flow)
. e Pr, = 6.851
where Re; = 39,900
Cp. = bylk specific heat, Btu/lbm-°F, of the tube side pe = 09847 .
flyid at test conditions, from the reference in fwe = 0.9847 (use same value as g for'this tempera-
para. 3.2(e) ture range)
k. = thprmal conductivity, Btu/hr-ft-°F, of the tube .
side fluid, at test conditions, from the reference C-2.2.10 Calculate h,, (Ratio.Method)
in|para. 3.2(e 0.6 2027 1/3 2
Pr, = Pr:)ndtl nurrEbZ:r (dimensionless) of the tube side ho,t = ho,d(We/ W) ™ (/M) (Cpt/de> (keAka) P
flJid at test conditions
u. = bylk absolute viscosity, centipoise, of the tube where N :
sidle fluid at test conditions, from the reference Cpa = bulk spécific heat, Btu/lbm-°F, of the shell side
in[para. 3.2(f) fluid at design accident conditions, frpm the
reférence in para. 3.2(e)
C-2.2/8.1 Data Set (for a Counterflow Heat Cp. =bulk specific heat, Btu/lbm-°F, of the shiell side
Exchanger) fluid at test conditions, from the refergnce in
Cpt = 0.9988 para. 32(6) 5
k. = 0.3474 h,q = outside film coefficient, Btu/hr-ft*-°F, based on
Pr, = 6.851 outside surface area, at design accident condi-
pe = 0.9847 tons . ,
h,, = outside film coefficient, Btu/hr-ft*-°F, based on
C-2.2.9 talculate h; ;. For turbulent flow, Re, ¥10,000 outside surface area, ?t,tes’t conditions
014 kg = bulk t}?ermal.conductl_\/lty, Bt_u/hr-ft-"F .o_f the
b, = -023(12kt/di)(Ret)0'8(Prt)l/S(Nt/#w t) shell side fluid at design accident condlitions,
’ ’ from the reference in para. 3.2(e)
. k. = bulk thermal conductivity, Btu/hr-ft-°F| of the
For lamina flow, Re, < 2,100 o4 shell side fluid at test conditions, from thf refer-
o ) 1/3 /8y /7y1/3 ) ence in para. 3.2(e)
hl’t = 1.86(112k;/d;) (Rey)" ™™ (Pry) (/L) ('ut/'uw’t> W4 = flowrate, Ibm/hr, of the shell side fluid at design
where accident conditions
d, = inkide diametér of tube, in W, = fIOV\(Ij rate, Ilbm/hr, of the shell side fluid] at test
S I - I 2 o conditions
hie = ig:gz iﬂrg;accze;?:;egtt’ titsltl/clz)zfitit-ioisbased on uq = bulk absolute viscosity, centipoise, of the shell
k. = bulk thermal conductivity, Btu/hr-ft-°F, of the :lllde ﬂfmd at d-e51gn ac;:l;ent conditions, from
tLTbe side fluid, at test conditions, from the refer- L h‘ﬁbri::flr‘l (ii m}:il;af 'Ff?h.m;m el
ence in para. 3.2(e) AR A AR ¢ shell
L = total length of tube, in,, carrying flow §1de fluid at test conditions, from the reference
Pr, = Prandtl number (dimensionless) of the tube side in para. 3.2(f)
fluid at test conditions
Re; = Reynolds number (dimensionless) of the tube Exch(a:.;l;;:')'m.l Data Set (for a Counterflow Heat
side fluid at test conditions C.. = 09990
u, = bulk absolute viscosity, centipoise, of the tube de _ 0.9985
side fluid at test conditions, from the reference hpt _ 2.581
in para. 3.2(f) od — %
h,: = 2,081
ks = 0.3730
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k. = 0.3653
W, = 3,200,000
W, = 2,500,000
g = 0.5050
e = 0.6146

CAUTION: Although the variable subscripts used for calcu-
lating the outside film coefficient are the same as those used
for calculating the inside film coefficient, the outside film
coefficient variables relate to the shell side fluid and the

r'e

rw

Ue

DIVISION 2, Part 21, Nonmandatory Appendix C

total fouling resistance, hr-ft2-°F/Btu, based
on outside surface area, at test conditions
ru,t(l/Ef) + ri,t(Ao,t/Ai,t)

tube wall resistance, hr-ft2-°F/Btu, based on
outside surface area, at design accident con-
ditions

overall heat transfer coefficient, Btu/hr-ftz-
°F, based on outside surface area, at test con-
ditions

inside;Lllm coefficient variables relate to the tube side

fluid (

stated in the variable definitions above).

C-2.2.11 Calculate h, . (Direct Calculation Method).

Empiri

Fal relationships for h, may be found in the litera-

ture thiat allows for direct calculation at different flow

rates a
ships a

hd for different configurations [for these relation-
hd direct calculation methods, refer to para. 3.2(m)

and references therein].

C-2.2.12.1 Data Set (for a Counterfflow Heat

Exchanger)
Ao/A;e = 1.150
Er= 1.0
h, = 1,339
hoe = 2081
r. = 0.001562
ry, = 0.0004999
U, = 294.0

C-2.2.11.1 Data Set (for a Counterflow Heat
Exchanger) C-2.3 Projection at Design Accident Copditions
h,: ¥ n/a (using back-calculation method
ot /a (using ) C-2.3.1 Calculate U,. Using the values|calculated
p 8
C-2.p.12 Calculate r;. Using the values calculated above, solve the following equation for U
above, [solve the following equation for r; U= 1
U 1 B I+ (U ) (V/Ep) + 1y + (1 ) (A /A )]
t =
[ + (1/ho ) (1/E;) + 1y + (1/hy 1) (Aq ¢/ Aj )]
where
where A;; = inside effective surface area, ftf, based on
J;. = inside effective surface area, ft?, based-on ms(;de surfe:jce ‘ect_rea,_lncludlr(lig ariy ﬁrll aree;,
inside surface area, including any. fin area, ?nb anyt l;e tuc 10Crl1.t1.n area dueto plugge
and any reduction in area du€ te*plugged ubes, a e? conditions
tubes. at test conditions A, = total effective surface area, ftf, based on
4, = total effective surface area,ft*>, based on outside (slurface i‘lreat’_ lnC-ludll:lg a;y fin
outside surface area,\including any fin ai'ea, ilnt t‘;my rtet utc lond_ltr_l area due 1o
area, and any reduction in area due to plugged tubes, at test conditions
plugged tubes, at-test conditions A,/A; = ratio of total to inside effective qurface area
A, /f;; = ratio of total to-inside effective surface area (dlr.nensmnl-ess) a.t t.est cond¥t10ns .
(dimensionless) at test conditions Ey = weighted fin efficiency (dimensionless,
Ef = weighted/fin efficiency (dimensionless, iqfualf_to 1df(;rg10nf1nned tubep, less than
equal to)1 for nonfinned tubes, less than - for finned tu ?S,) 20
1 forfinned tubes) h;4 = inside film coefficient, Btu/hr-ff*-°F, based
h, . =.inside film coefficient, Btu/hr-ft2-°F, based on inside surface area, at design accident
on inside surface area, at test conditions cond_ltlor.ls .
hoa = de fil ff Btu/hr-fit*-°F, based
o= outside film coefficient, Btu/hr-ft*-°F, based od = OHtSI‘*e‘_: m f?‘fi‘in ICIftlt,ﬂ Elj/" l‘flg -°F, '?lse .
on outside surface area, at test conditions o ‘(’1‘_‘{_”‘“” Surraceareaaaesigh acaden
r;c = inside fouling resistance, hr-ft*-°F/Btu, conaitions , 2 0
based on inside surface area, at test condi- ric = inside fouling resistance, hr-ft-°F /Btu,
tions? based on inside surface area, at test condi-
. . . tions
r,, = outside fouling resistance, hr-ft>-°F/Btu,
ot 5 / r,. = outside fouling resistance, hr-ft2-°F/Btu,

based on outside surface area, at test condi-
tions?

2 Assume the design value (or zero) for either r;. or r, . (whichever one
is not calculated).
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I'e

based on outside surface area, at test condi-
tions

total fouling resistance, hr-ft2-°F/Btu, based
on outside surface area, at test conditions

ro,t(l/Ef) + 1i(Aoe/Air)
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tube wall resistance, hr-ft2-°F/Btu, based on

ry =
outside surface area, at design accident con-
ditions

U, = overall heat transfer coefficient, Btu/hr-ftz-

°F, based on outside surface area, projected
at design accident conditions based on
fouling at test conditions

C-2.3.1.1 Data Set (for a Counterflow Heat

ASME OM-2020

Since the condensation rate strongly depends on the
saturation pressure at the gas-condensate interface
(which depends on the gas-condensate interface
temperature), the heat transfer coefficient associated
with the convection outside the tubes (and any fins)
varies over the heat transfer surface. Also, the change
in enthalpy of the steam-air mixture cannot be expressed
as mCpAT, and a closed form solution for F, or effective-
ness, cannot be derived. Because of these two reasons,

Exchanger) the heat transfer equations must be integrated numeri-
Ao/Aie ¥ 1.150 cally.
Er 3 1.0 Basically, the procedure is to vary the foulingregistance
h;s 3 1,503 until the calculated parameters match thesmeasufed pa-
ho,q 3 2,581 rameters. The fouling resistance thustebtained [is then
r. 3 0.001562 used to calculate the heat transferrate under the
ry 3 0.0004999 design accident conditions.
U, ¥ 311.1 The methodology used in the fellowing examplq can be
applied to any heat exchangér;with the exception|of coil-
C-2.3.2 Calculate Q,. Using the values calculated  tube heat exchangers.
above, solvp the following equation for Q,:
Q, = (Up)(4,,)(MTDy) C-3.1 Collect the Test Data
Paragraph 6.3)describes the data needed for this test.
where Various combinations of data can be used. In this example,
A, = [total effective surface area, ft?, based on it has been‘assumed that the following data are avpilable:
outside surface area, including any fin area, (a) progess fluid (steam-air mixture) pressurg
and any reduction in area due to plugged (b)*cooling fluid inlet temperature
tubes, at test conditions {¢) cooling fluid outlet temperature
MTD, = |mean temperature difference, °F, at design (d) process fluid (steam-air mixture) inlet tempera-
accident conditions ture
Q, = |heatduty, Btu/hr, projected at design accident (e) process fluid (steam-air mixture) outlet tefnpera-
conditions based on fouling at test condition ture
U, = [overall heat transfer coefficient, Btu/Hr-ft*-°F, (f) cooling fluid flow rate
based on outside surface area, projected at (9) process fluid (steam-air mixture) inlet felative
design accident conditions based\on fouling ~ humidity
at test condition . . . .
C-3.2 Write the Finite Difference Equations
C-2.3/2.1 Data Set (for a-Counterflow Heat Write the finite difference equations of the heat tiransfer
Exchanger) process. Equations (C-1) through (C-24) are shown|here as
Ao = [5,080 aguide. These equations are for a cross-flow unmixied heat
MTDg = (41.85 exchanger having only one tube row with fins|on the
Qp = 166,140,000 outside. Figure C-1 shows this heat exchanger along
Up, =311.1 with its j™ finite element bounded by two parallel
planes in the y-z plane. The airflow is along the y direction.
C-3 HEAT|TRANSFER COEFFICIENT TESTMETHOD  The water flow is along the x direction. The flow param-
(WITH CONDENSATION) eters along the z direction are uniform. The goyerning

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 transfer
occurs because of a difference in steam partial pressure
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 the tubes. The condensation rate is equal to the
mass transfer rate.

248

equations 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.
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Figure C-1 One Tube Row Air-to-Water Cross-Flow Heat Exchanger
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Figure C-2 Fin, Condensate Layer, and Interfaces

X

V4 Fin \

Condensate layer

/ Gas-liquid interface

From the lajw of conservation of mass applied to the fluid

outside the
note the fo

where

Wcond,j =

Wda =

tubes in the /™ element of the heat exchanger,
lowing:

T/Vda(‘ﬁl,j - ¢2,j) = I’Vcond,j (¢-1)

/Vda(q&llj - 4’2}/) = MANA,j<§> (€-2)

¢1}j=¢in}13jSN

total outside heat transfer area, ft>

Afin + At,exp [See €q. (C'6)]

length of heat exchanger ‘along water flow
direction, ft

molecular weight of apor, Ibm/lbm-mole
vapor mass transfer rate per unit outside
area, lbm-mete/hr-ft?, of j™ element of
heat exchanger

mass flow-rate of condensate generated per
unit length, Ibm/hr-ft, along the direction of
water.flow of j™ element of heat exchanger
mass flow rate of dry air per unit length,

I/V;Jla(el,j -

T.

;) = %(%)B(Tmu + Too,j) — T
(C-3)
+ (I/Vcond,j)(econd,j)
€1,j = €in
Tool,j =Twin i 1Sj<N (C-4)
€ =f1(¢; Too)

where

€1,

92,]'

econd,j
€in

fi

total outside heat transfer area, ft*
Afin + At,exp [See €q. (C'6)]

length of heat exchanger along watpr flow
direction, ft
enthalpy of air-vapor mixture, Btuflbm of
dry air, upstream of tube row| of j
element of the heat exchanger
enthalpy of air-vapor mixture, Btuflbm of
dry air, downstream of tube row of ;™
element of the heat exchanger
enthalpy of the condensate, Btu/Ibr, of j™
element of the heat exchanger
enthalpy of the air-vapor mixture, Btu/lbm
da, at the inlet
functional operator 1

fnmpnrafnrn OF of air—vapor mixtude
U T P

¢1,j =
$2; =
¢in =

b/ hr=ftatongthedirectiomr of water flow
vapor-to-dry air mass ratio upstream of tube
row of /™ element of heat exchanger
vapor-to-dry air mass ratio downstream of
tube row of j™ element of heat exchanger
vapor-to-dry air mass ratio at inlet

From the law of conservation of energy applied to the
fluid outside the tubes in the j™ elements of the heat
exchanger, note the following:

Teo1,

Tz,

Too, in

temperature, °F, of air-vapor mixture
upstream of the tube row of j element of
the heat exchanger

temperature, °F, of air-vapor mixture down-
stream of the tube row of j™ element of the
heat exchanger

temperature, °F, of air-vapor mixture at inlet
tube side fluid temperature, °F, of j" element
of the heat exchanger
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U; = overall heat transfer coefficient, Btu/hr-ft*- 1 _ 1 do In(d, / d;)
°F, of j™ element of the heat exchanger U(Afin + Ayexp)  ifin, (AR + At exp) 2k ywaiAo

Weona; = mass flow rate of condensate generated per (1 (C-6)

unit length, Ibm/hr-ft, along the direction of + X(h_ + rﬁ)
water flow of j™ element of heat exchanger A
W4, = mass flow rate of dry air per unit length,
Ibm/hr-ft, along the direction of water flow where . 2
¢ = vapor-to-dry air mass ratio Afin = :c,ur.face area of the fins, ft ,
A; = inside area of the tubes, ft ,

From the law of conservation of energy applied to the Ao _ Sufflgi i‘rliiff’qtl}fﬂtftf)\isg“f}t‘m £2. this is th
fluid inside the tubes in the j© element of the heat vEP - AR RN this Is the
exchaniger, note the following: area of the tubt.es that is in direct'dontact with

the outside fluid
(WCP)t(Tt,j - Tt,j—l) = Uj(AA) jj i insid.e dia.meter of the tube, ft
, = outside diameter of the.tube, ft
%(Tool,j + To2j) = T (C-5) Rinj = hgat traqsfer coefficient, Btu/hllt‘l; t>-°F, asso-
) ciated with the fin surface of j " |element of
l<j=N the heat exchdnger
Tio=Tyin and T ot = Ty N h; = tube side heat-transfer coefficient| Btu/hr-ft*-
°F
where kwan = thermalconductivity of the tube whll material,
A = total outside heat transfer area, ft? Btu/hr-ft-°F
= Apin + Apexp [see eq. (C-6)] rs = dnside fouling resistance, hr-ft?-°H/Btu
DA = area, ft?, of a finite element of the heat U; =hoverall heat transfer coefficient, Blu/hr-ft2-°F,
exchanger (also total heat transfer area of of jM element of the heat exchanger
the heat exchanger divided by the number n; = fin efficiency (dimensionless) assqciated with
of elements into which the heat exchanger the fin surface of j'" element ¢f the heat
has been subdivided) = A/N exchanger
N = number of elements into which the heat
exchanger has been subdivided Since the heat flows from the outside fluid to the inside
T4:; = temperature, °F, of air-vapor mixture fluid via the condensate layer and the fins, ore can write
upstream of tube row of j™ element;of the  the following:
heat exchanger keond
To2,; = temperature, °F, of air-vapor mixture down- q; = C;m (To,j - Ts,j) (C-7)
stream of tube row of /" element of the heat J
exchanger
T}in = tube side fluid inlet temperature, °F
T.o = tube side fluid tempetrature, °F, upstream of g = hout(Too,j = To,j) (C-8)
the first heat exchanger element
., = tube side fluidt€mperature, °F, ofjth element
of the heat-exchanger
T¢}-1 = tube side fluid temperature, °F, of (j - 1)th %= UJ'(TOOJ - Tf,j) (C-9)
element of the heat exchanger
Tehue = tube’side fluid outlet temperature, °F where
U; €-overall heat transfer coefficient, Btu/hr-ftz- how; = outside heat transfer coefficient, Blu/hr-ft2-°F,
°F, of j element of the heat exchanger associated with simultaneous hedt and mass
(WCp), = productofthe tube side flow rate and specific transfer of j element of the heat exchanger
heat, Btu/hr-°F Keona = bulk thermal conductivity of the condensate,
Btu/hr-ft-°F

The local heat transfer coefficient is a function of local q; = local heat transfer rate per unit outside area,
temperature and vapor partial pressure and needs to be Btu/hr-ft?, of j* element of the heat exchanger
calculated simultaneously. To evaluate the local overall T; = temperature, °F, of bulk fluid around the tubes
heat transfer coefficient, the following equations can of j* element of the heat exchanger
be established using the law of conservation of energy, T,; = temperature of gas-condensate interface, °F, of

various constitutive relationships, and definitions. The
overall heat transfer coefficient can be expressed in
terms of individual conductances as follows:

251

j™ element of the heat exchanger
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Ty; = local average temperature, °F, of outside heat
transfer surface of j*" element of the heat
exchanger

T,; = tube side fluid temperature, °F, ofjth element of
the heat exchanger

U; = overall heat transfer coefficient, Btu/hr-ft2-°F,
of j™ element of the heat exchanger

6; = condensate layer thickness, ft, ofjth element of
the heat exchanger

ASME OM-2020

Prot _PA,o,'
Ny = ka jlnf —=——=% (C-13)

Prot T PA, 0,

1
_ C-14
PA,c0,j = z(pA,ool,j + Pa 002,) (€14)
where

ka; = mass transfer coefficient, lbm-mole/hr-ftz, of

;th

Thelocalheat transfer rate per unit outside area is equal
to the sum pf convective heat transfer rate per unit area
and the endrgy release rate per unit area associated with
the condenpation of vapor. Therefore,

6 =[1i(Too,j = To,) + (Na,j) (hig) (M) (C-10)
and
1
Too,j = E(Tool,j + TooZ,j) (¢11)
1
Tcond,j = E(’Ib,j + Ts,}) (C-12)
where

hg, = |heat of condensation of the vapor, Btu/lbm
h; = |outside heat transfer coefficient, Btu/hr-ftz-

°F, of j'" element of the heat exchanger

adjusted for high mass transfer rate assos
ciated with sensible heat transfer only

M, = |molecular weight of the vapor, Ibm/lbm-mele

N,,; = |vapor mass transfer rate per unitoutsidearea,

Ibm-mole/hr-ft?, of j™ element wf the heat

exchanger

q; = |local heat transfer rate per@nit’outside area,

Btu/hr-ft?, of j* element of the heat exchanger

Tcona; = |condensate temperature,F, of jth element of

the heat exchanger

Te,; = |temperature, °F, ofbulk fluid around the tubes

of j™ element.of the heat exchanger

Te1; = [temperature,~°F, of the air-vapor mixture
upstreaf of the tube row of j™ element of

the heat-exchanger

Tey; = [temperature, °F, of the air-vapor mixture

downstream of the tube row of j* element

] £fib ol 15N i
+—elementoftheheatexchangernetadjusted

for high mass transfer rate

N4; = vapormass transfer rate per unitoutsigle area,
Ibm-mole/hr-ft?, of j element of the heat
exchanger

Paw,j = average vapor partial pressure, psiaf in the
bulk fluid of j* eleméntof the heat exdhanger

Paco1,; = vapor partial pressure, psia, upstrean of the
tube row of j™element of the heat exdhanger

Paco2; = vapor partial pressure, psia, downstijeam of
the tube rew of j™ element of thle heat
excharger

Paoj = sattration pressure, psia, of the vapor at
temperature T, of j™ element of thje heat
éxchanger

Dion & pressure, psia, of the vapor-air mixtiire

Thelocal convective heat transfer coefficient is altered by
the local mass flux and is given as follows:

Ny, iCa

hi=— 2= (C-15)
] 1-— e_(NA,jCA/hj)
where
C, = molar specific heat, Btu/lbm-mole-°F, pf pure

vapor
h; = outside heat transfer coefficient, Btu/h --ft2-°F,
in noncondensing situation of j™ elemjent of

the heat exchanger

i, = outside heat transfer coefficient, Btu/h -ft2-°F,
of j™ element of the heat exchanger agljusted
for high mass transfer rate associatdd with
sensible heat transfer only
N4; = vapor mass transfer rate per unit outside area,
Ibm-mole/hr-ft?, of j*™ element of tHe heat
exchanger

of the heat exchanger
T,; = temperature of gas-condensate interface, °F,
of j™ element of the heat exchanger
local average temperature, °F, of outside heat
transfer surface of j element of the heat
exchanger

‘U"ﬂ
<
1

The mass transfer rate per unit outside areais related to
vapor partial pressure difference by the mass transfer
coefficient as follows:

Assuming that thermodynamic equilibrium exists at the
gas-condensate interface, the vapor partial pressure at
the interface is equal to the vapor pressure of the
liquid at the interface temperature as follows:

PA,o,j = psat('I;,,j) (C-16)
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where Note, hg, should be used to calculate fin efficiency (refer
Pao,; = partial pressure, psia, of the vapor at the to para. C-2.1.8).
gas-liquid interface of j™ element of the The condensate layer flows vertically downwards along
heat exchanger the fin surface. Its thickness can be calculated using the
Psat(%yj) = saturation pressure, psia, of the vapor corre- following expression:
sponding to T, 1/3
T,; = temperature of gas-condensate interface, _3 3uNg My L (C-20)
°F, ofjth element of the heat exchanger 74 p1(p1 = 1,8
The relationship between vapor partial pressure and where
vapor mass fraction can be expressed as follows: g = acceleration due to gravity, ft/hr<
L = vertical length, ft, of fins over which|condensate
by ;= M| Pacol (C-17) layer slides
T Mgl Py ~PA, 01 M, = molecular weight, Ibm/lbm-rmole, of the vapor
N,; = vapor mass transfer rate'per unit optside area,
Ibm-mole/hr-ft?, of j* element ¢f the heat
exchanger
b = M| Faje2 (C-18) §; = condensate lagey thickness, ft, of /"] element of
20 Myg| By — PA 02, the heat exchanger
u = viscosity,(lbm/hr-ft, of the condenspte
where p1 = density; Ibm/ft?, of the condensate
M, = molecular weight of the vapor, lbm/Ibm-mole py = density, Ibm/ft’, of the air-vapor npixture
Mj, = molecular weight of dry air, Ibm/Ibm-mole
Pac]; = vapor partial pressure, psia, upstream of the Theanass transfer coefficient can be evaluatpd using the
tube row of /™ element of the heat exchanger anal(?gy bgtvs./een heat transfer and mass transfer. This
Pacd; = vapor partial pressure, psia, downstream of relationship is as follows:
the tube row of j™ element of the heat W (pr\2/3 c21
exchanger kg = E(E) (C-21)
Dbt = pressure, psia, of the vapor-air mixture
¢4, = vapor-to-dry air mass ratio of /" element of  \yhere
heat exchanger upstream of tube row; C = molar specific heat, Btu/Ibm-mole-°H, of the air-
¢4, = vapor-to-dry air mass ratio of /¥ elément of vapor mixture
heat exchanger downstream of tube row h = outside heat transfer coefficient, Btu fhr-ft>-°F, in
noncondensing situation
The lheat transfer coefficient associated with the outside k, = mass transfer coefficient, Ibm-molé hr-ft?, not
heat transfer surface can be expressed in terms of outside adjusted for high mass transfer rate
fouling| resistance, condensate.Jayer resistance, and the Pr = Prandtl number of the air-vapor mixthre (dimen-
outsidg convective resistance:-Therefore, sionless)
1 1 5 19 Sc = Schmidt number of the air-vapg¢r mixture
o o F it (C-19) (dimensionless)
in, j out)j cond
where It is clear from the above equations that thie humid air
hgo| = héat transfer coefficient, Btu/hr-ft>-°F, asso- outlet- enthalpy and vapor mass fraction are qnctlons of
" Cidted with the fin surface ijth element of the distance from the vapor inlet, “x.” The mixed mean
theheat-exchanse: outlet temperature of the humid air can be related to
houtj = outside heattrarllssfer coefficient, Btu/hr-ft>-°F, the mixed mean values of 0}1tlet enthalpy ar-ld vapor
associated with simultaneous heat and mass mass fraction. The expressions of humid air mixed
transfer ijth element of the heat exchanger mean outlet enthalpy and vapor mass fraction are as
Keona = bulk thermal conductivity of the condensate, follows:
Btu/hr-ft-°F ) N
rro = outside fouling resistance, hr-ft?-°F/Btu Cout = z €,j (C-22)
6; = condensate layer thickness, ft, ofjth element of j=1

the heat exchanger
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N
1
Pout = 3 2 P, (c-23)
j=1

where
e;; = 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

ASME OM-2020

is uniform over the entire heat transfer surface. After inte-
gration, the relationship between boundary tempera-
tures, flow rates, specific heat, overall heat transfer
coefficient, and the heat transfer area are usually
presented in a F-P chart or P-N chart with R as a parameter
(see section C-2).

When a heat exchanger undergoes a transient, the
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

N = nummber of elfements mto WitiTIT the iTeat
ekchanger has been subdivided

¢,; = vppor-to-dry air mass ratio downstream of the
tyibe row of j™ element of the heat exchanger
¢our = Vppor-to-dry air mass ratio at the outlet

The mix¢d mean outlet temperature of humid air is
related to the mixed mean outlet enthalpy and mixed
mean outlef vapor mass fraction. This is shown symbo-
lically by thje following relationship:

Too,out = f2 (eoutJ ¢out) (C-24)
where
eout = |enthalpy, Btu/lbm of dry air, of the air-vapor
mixture at the outlet
f> = [functional operator 2
Too,out = |mixed mean temperature, °F, of the air-vapor
mixture at the outlet
¢our = [vapor-to-dry air mass ratio at the outlet

C-3.3 Solye the Finite Difference Equations and
Evaluate Fouling Resistance

The 24 equations shown in para. C-3.2 have te be solved
simultaneopsly to evaluate the tube sid¢ fouling resis-
tance. The| following variables are known from the
test: Tt,in ; rool » Poo1 5 Wt; Tt,out ; Tw,out ; and Ptot-

The solutjion of finite difference egs. (C-1) through (C-3)
and (C-5) re¢quires the overall hieat transfer coefficient, U,
as a functidn of location within the heat exchanger. The
equations 4re nonlineap-bécause the coefficients them-
selves deppnd on theunknown variables. Therefore,
these equalions require iterative techniques for their
simultaneofpis splution.

The overpll-precedure is to assume a tube side fouling
i dndidey atrflavy rata Tha camhination Afthaca
resistance d ik £ £ these

may be amenable to direct closed form solution, Hgwever,
for arbitrarily specified time-dependent boundaryf condi-
tions of fluid inlet temperatures or flow rates,.a numerical
integration must be performed.

To integrate the partial differentialequations, the initial
condition of the temperatures, in addition to the boundary
conditions, are needed.

In the example that followsnthe applicable set ¢f finite
difference equations, the\required test data, and data
evaluation procedurerare presented for a simplified
shell-and-tube heat{exchanger. A similar procesy would
be followed for a‘plate heat exchanger.

C-4.1 Establish the Initial Conditions

Beforethe difference equations obtained in parp. C-4.2
can b&solved, the initial conditions (the fluid tempprature
profiles inside the heat exchanger) must be established.
This can be done in one of the following tw¢ ways
depending on whether the hot fluid flow tan be
stopped or not.

C-4.1.1 Process (Hot) Fluid Flow Can Be Stoppéd. Stop
the flow of the process fluid through the heat exdhanger
and watch the inlet and outlet temperatures of the cooling
fluid. The inlet temperature of the cooling fluid rhust be
constant. When the outlet temperature of the coolipg fluid
becomes equal to the inlet temperature, the entifre heat
exchanger is at the cooling fluid inlet temperatyre and
this is the initial condition.

C-4.1.2 Process (Hot) Fluid Flow Cannot Be S{opped.
If the process fluid cannot be stopped, then the heat
exchanger must operate at a steady-state compdition
before the transient testing begins. Under these| condi-
tions, the initial temperature profiles at the beginning
of transient testing can be obtained by solving thg differ-

e O vv—Toce—HHe-CoH ot tro-o—+1es

two values that matches with the two measured outlet
temperatures is the proper airflow rate and tube side
fouling resistance.

C-4 TRANSIENT TEST METHOD

The steady-state temperature profiles of fluids inside a
shell-and-tube heat exchanger during steady state can be
represented by a set of ordinary differential equations.
These equations can be integrated when specific heat
is constant and when the overall heat transfer coefficient

€nce equations using any reasonable mitial conditions for
along enough period so that a steady state is achieved. The
temperature distribution thus calculated will provide the
initial conditions for the transient test. In this situation, the
cooling fluid is usually stopped, the process fluid loop is
allowed to heat up, and the cooling fluid is reinitiated. The
initial steady-state condition would normally exist just
before the cooling fluid is stopped.

Alternatively, the initial conditions can be established
by solving the steady-state differential equations.
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If the process fluid flow 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.

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) nracess fluid inlet temperature time history

DIVISION 2, Part 21, Nonmandatory Appendix C

A(mc); = summation of stored mass and specific heat
of the components associated with the shell
side flow divided by the number of elements
into which the heat exchanger has been
divided; these elements are the shell, shell
side fluid, and half of the tube wall (the
other half of the tube wall thermal inertia
is part of the tube side fluid)

At = time step size

(c) dooling fluid flow rate time history
(d) wrocess fluid flow rate time history

C-4.2.2 In addition, record one of the following two
paraméters:

(a) gooling fluid outlet temperature time history

(b) wrocess fluid outlet temperature time history

If both outlet temperature time histories are measured,
then the second outlet temperature can be used as a check.

CAUTIQN: Itis desirable to have steady flow rates. However,
ifitis n¢t possible, then the heat transfer coefficient needs to
be calcplated 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 solu-
tion, then one would need to write the differential equa-
tions. 4 closed form solution may not be obtainable in
many ipstances. Under these conditions, a numerical s¢lu-
tion of [the finite difference equations is the only alterna-
tive.

Figufre C-3 shows a one-tube pass and one-shell pass
countefcurrent flow heat exchanger. Figure C-4 shows
an infjnitesimal element of this-heat exchanger
bound¢d by two parallel planes mormal to the length
ofthe heat exchanger. The following finhite difference equa-
tions bpsed on the energy conservation equation and the
definition of the overall heatytransfer coefficient can be
writter] for the shell and-tube side flows. The governing
equatigns for other typés-of arrangements can be written
in a similar way usihg/the procedure described here as a
guide.
NOTE: The follewing equations are dimensionally consistent,
and any| dimensionally consistent set of units may be used.

The rate of energy entering from the shell|side of the
( - 1)™ element is as follows:

(WCp), (T 1)

where
T,;-1" = temperature ofthe shell side flujd in the (j -
1)™ elementtat the p'™ time step
(WCp); = product of the shell side mass flpw rate and

the spécific heat

The rate of enérgy exiting out of the shell sifle of the j™
elementis\as follows:

(WCp), (T, )
where
T,/ = temperature of the shell side fllfid in the i
element at the p'™ time step
(WCp)s = product of the shell side mass flpw rate and

the specific heat

The rate of energy transfer to the tube side flpw in the j*
element is as follows:

U(AA)(T, ;¥ - T, ;P)
where

T,/ = temperature of the shell side fluid in the ™

element at the p™ time step

T,/ = temperature of the tube side fluid in the jm

element at the p™ time step

U = overall heat transfer coefficient, referred to the

outside area; this could vary with tine if the flow

rate is also varying with time

AA = total heat transfer area of the heat exchanger

3 DR T RETER S~ NEEE T 3 Adh 3 P
For theshettsideftuid—im LIE CICIIICIIU UIIE I'dlE Ol
increase of stored energy is as follows:

+1
prl_ TS}].P

Ame)| =

where

T,/ = temperature of the shell side fluid in the jh
element at the p™ time step
temperature of the shell side fluid in the j™
element at the (p + 1) time step

p+1
T,

divided by the number of elements into
which the heat exchanger has been divided

From the law of conservation of energy,

T;jP'H — TS],P
(WCP)STS,]'—IP = (WCP)STS,]p + A(mc)s #

+ UMA)(T, P — T, ;)

where all the variables are defined above.
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Figure C-3 Schematic Representation of a Countercurrent Shell-and-Tube Heat Exchanger

j Ts,IN

|.|r|_\

TN

1.

T U—-o:W

T; out

Figure C-4 |A Small Element of a Countercurrent Shell-
and-Tube Heat Exchanger

Shell-side fluid
Ts,jf 1 Ts,j 7-s,j+1
_ -
Tyj-n Ty j T
-
haN
N4s-side fluid
A AA

Solving for|the unknown temperature,
(WCp) (AF)

AA j Ts, ouT

Ty o = temperature.df the shell side fluid upstream of
the first heat'exchanger element at the p™ time
step

For the tubelside fluid in the j™ element, the [rate of
increase of ‘stored energy is as follows:

+1
T, .PT4 _ 1}’]}7

t
A(mc)t / Ar

T,/ = temperature of the tube side fluid ir the jm
element at the p™ time step

= temperature of the tube 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 tube

side flow divided by the number of elements

into which the heat exchanger has been

divided; these elements are the tube side

fluid and half of the tube wall (th¢ other

half of the tube wall thermal ingrtia is

T PTL[= 4_119 . .
$)j A(me); 5)j part of the shell side fluid)
At = time step size
M [(WCp), + U(AA) At] TP (C-25)
S} - .
A (me), ! The rate of energy entering from the tube sidq of the
U(SA) 5T 1 Letermenttsasfottows:

T..P,1<j<N
A(mc)s t,} ) —]_

where all variables are as defined above.

From the shell side inlet boundary condition,

Tof = Ty (©26)
where
Tsin” = inlet temperature of the shell fluid at the pth
time step

(ch)tTt,j+ lp

where

T,j.1" = temperature of the tube side fluid in the (j +
1)™ element at the p'™ time step
product of the tube side mass flow rate and
the specific heat

(WCp).

The rate of energy exiting out of the tube side of the j™
element is as follows:

256
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P
(WCP)tTt,]
where
T,/ = temperature of the tube side fluid in the jm
element at the p™ time step
(WCp), = product of the tube side mass flow rate and

the specific heat

The rate of energy transfer from the shell side fluid of the

DIVISION 2, Part 21, Nonmandatory Appendix C

+1 +1
Ton! = T\ (C-29)

+1 +1 .
Ti’,om'p = Tt,lp (C-30)

AA and At must satisfy the inequalities (C-31) and (C-32)
simultaneously to satisfy the stability criteria,

A(me),

th ; . At ——— 5 (C-31)
j' element is as follows: (WCp)_+ UAA)
U(AA)(T, jF — T, ;)
where ' o " A(mc)t
Ts,jp = temperature of the shell side fluid in the ] At < m (c'32)
element at the p™ time step Pt
T,/ |= temperature of the tube side fluid in the i h h iabl Cined )
element at the p'™ time step where the variables are as‘defined previously.
U |= overall heat transfer coefficient, referred to the . e . .
. ) e C-4.4 Solve the Finjte Difference Equations and
outside area (this could vary with time if the Evaluate the Fouling Resist
flow rate is also varying with time) vatuate tfie Fouling Resistance
AA |= total heat transfer area of the heat exchanger The procedusg.is to guess a value of total fguling resis-
divided by the number of elements into  tance, expresséd by eq. (C-34) in terms of|inside and
which the heat exchanger has been divided outside fouling resistances, and calculate fthe overall
heat transfer coefficient, U, using eq. (C-33)] If the flow
From the law of conservation of energy, rate§’are also changing during the transi¢nt testing,
then the overall heat transfer coefficient wquld change
WCp), T, i F + UAA)(T, P — T, ;P
(WP, Tij+1 (A4)(T; L) with time and would need to be calculatled at each
T, P 1, P time step.
=(WCp), T; ;¥ + A(me),|— J
’ At 1 1 d, 1
=ty (C-33)
Uk ) d; by
Solving for the unknown temperature,
= e d
/ A(me), J TfE=Tfo+ frf,i (C-34)
1
B [(WCp), + U(&AYAL] . (c-27)
A(fne), 4 where
d; = tube inside diameter
M P <j<N ! . .
Ame), Sy d, = tube outside diameter
h; = inside heat transfer coefficient refdrred to the
where [the variablesare as defined previously. inside area
h, = outside heat transfer coefficient referred to the
Fron} the tube’side inlet boundary condition, outside area
T nt1l = TP (C-28) rg; = inside fouling resistance referred t¢ the inside
’ ’ area
where 7o — ottside fuulius reststancetreferredto the outside
T, " = inlet temperature of the tube side fluid at the area ) ) )
p™ time step Tee = totz;l fouling resistance referred to the outside
Tyn+1" = temperature of the tube side fluid upstream Su£ ace lalrea . ferred to th id
ofthe N element of the heat exchanger at the ry = tube wall resistance re err_e : to the outside area
U = overall heat transfer coefficient, referred to the

p™ time step

The outlet temperatures are set equal to the tempera-
ture in the boundary element, which is just upstream of the
outlet. Thus,

257

outside area; this could vary with time if the flow
rate is also varying with time

The procedures for calculating h;, h,, r,, etc. are
described in detail in section C-2.
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Equations (C-25) through (C-30) can be solved to yield
temperatures with superscript (p + 1) using the values of
temperatures with superscript p. At each time step, the
temperatures with superscript p are known and the
temperatures with superscript (p + 1) are unknown. 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-step
manner. Repeat the calculations with a smaller time
step and finer noding to check for convergence of the

2020

C-5.2.1 Data Set

Ty =
tie =
To
tor =

145.0
70.0
123.4
93.0

C-5.3 Calculate the Capacity Rate Ratio

Re= (T —Tp)/(trr — tip)

calculated ¢utlet temperature time histories. The value
of fouling resistance that best matches the measured
outlet temperature time histories is the actual fouling
resistance ¢f the heat exchanger.

C-5 TEMRERATURE EFFECTIVENESS TEST
METHOD

The temperature effectiveness test method is used to
calculate a projected temperature of a heat exchanger at a
known refdrence point (typically at the design accident
conditions) based on data collected at the test point.
The methofl described below can be applied to a wide
variety of heat exchangers, and can be calculated by
hand. It adsumes 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 thethod is accomplished by collecting the
process andl cooling fluid inlet and outlet temperatures
at the test point, choosing two temperatures at the refers
ence point,|and calculating the remaining two tempera-
tures at thg reference point.

C-5.1 Establish Flows

Although| the flow rates (cooling fluid ahdyprocess) are
not requirefl to be permanently and accurately measured,
since the t¢gmperature effectiveness will vary with both
flow rates,|repeatable flow rates must be established
(e.g., samg valve lineups, header pressures, pump
currents, efc.). Both flows,/should be within +5% of the
flow rates fhat were ugéd‘to establish the acceptance
criteria.

C-5.2 Col{ect the*'Temperature Data

where
R, =

Tie =

C-5.3.1 Data Set

R, =
T160%
by =
Tz: =
tor =

C-5.4 Calculate the Temperature Effective

where
P, =

Tl,t =
tie =

tor =

capacity rate ratio (dimensionless).at te
ditions
process fluid inlet temperature, °F, at td
ditions

cooling fluid inlet temperdture, °F, at tes
tions

process fluid outlettemperature, °F, at t4
ditions
cooling fluid outlet temperature, °F, at te
ditions

0.9391
145.0
70.0
123.4
93.0

P=(ty, — t1,0)/ (T, — 1)

thermal effectiveness (dimensionless)
conditions

process fluid inlet temperature, °F, at te
ditions

cooling fluid inlet temperature, °F, at tes
tions

cooling fluid outlet temperature, °F, at te
ditions

st con-

st con-

condi-

st con-

st con-

1€ss

at test

st con-

condi-

st con-

Record the'following temperature data at steady-state . .
o - - hermal
conditions. This set of test data will be termed the test i . i
effectiveness or temperature efficiency, and is always a

number between 0 and 1.

C-5.4.1 Data Set

point.

T1: = process fluid inlet temperature, °F, at test con-
ditions

t;: = cooling fluid inlet temperature, °F, at test condi-
tions

T, = process fluid outlet temperature, °F, at test con-
ditions

t,: = cooling fluid outlet temperature, °F, at test con-
ditions
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P, =
Ty =
tie =
tor =

0.3067
145.0
70.0
93.0
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C-5.5 Calculate the Projected Temperatures

Using the capacity rate ratio and temperature effective-
ness at the test point (as calculated in paras. C-5.3 and
C-5.4) and any two temperatures at the reference
point (i.e., any two accident condition temperatures),
calculate the two projected temperatures at the reference
point (i.e., the other two accident condition temperatures)
using the following equations. If the accident condition
temperature of interest does not meet the acceptance

DIVISION 2, Part 21, Nonmandatory Appendix C

tl,d = 75.0
Tpq = 119.3
trq = 94.08°

C-5.5.4 If T, 4 and t, 4 Are Known
td=tyd + Pty g — T g)/(1 — Ry — P)
G,g=Tq+ Rltyg—t4)

C-5.5.4.1 Data Set

criteri
essary.
tures 4
calculg

frefer-to-seetion-Othencorrectiveactionishee
For the example that follows, the known tempera-
nd the acceptance criteria (used to compare the
ted temperatures against) are assumed to be

the sarhe as para. C-2.1.1.1 data set or as follows:
Tl,d = 140.0
tl,d = 75.0
Tyq F 1193
tra F 97.0
C-5.5.1 If T, 4 and t; 4 Are Known

thd=t,q+ P(T,q—t4)
Bg=T,qg— Rltr,qa — t1,4)

C-pb.5.1.1 Data Set
P, [ 0.3067
R, F 09391
Tiq | 140.0
tl,d = 75.0
Toq | 121.3°
tra | 94.93°
C-5.5.2 If T, 4 and £, 4 Are Known

g =tyq+ Pty g — T o)/ (1= P)

P = 0.3067

R, = 0.9391
Tiq = 135.1°
tiq = 80.13°
Tyq = 119.3
tz,d = 97.0

C-5.5.5 If T, 4 and T34 Are Known
ta=4,0+ (g — T,0)/ReP
tra=4d— (g — T 4)/R¢

C-5.5.5.1 Data Set

P, =20.3067
R.=70.9391
Fie = 140.0
t1q = 68.13°
TZ,d = 119.3
trq = 90.17°

C-5.5.6 If t; 4 and t; 4 Are Known
T,g=t,q+ (trg—t,a/P
B,d=T,d — Rtag — t1,4)

C-5.5.6.1 Data Set

Dg=T,q— Rty 4ty 4) P, = 0.3067
R, = 0.9391
C-p.5.2.1 Data Set T, 4 = 146.73
P. [ 0.3067 trg = 75.0
R, | 0.9391 Tpq = 12613
Tl,d = 140.0 tZ,d = 97.0
tia | 77.98°
Toa [F 9700 C-6 BATCH TEST METHOD
tZ,d = 1221
The batch test method is used to calculate the tempera-
C-5.53 1 T5gamd tr7 Are Kmowm——————————tureeffectivenessand-overattheat transfereeefficient of a

tyd=t,d+ P(Thq—t,4)/(1 — PRy)
B,g=T,q+ Rty g — t1,4)

C-5.5.3.1 Data Set

P, = 0.3067
R, = 0.9391
Tiq = 137.23

3 These values should be compared with the para. C-2.1.1.1 data set,
with appropriate consideration of uncertainty.
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heat exchanger by measuring initial and final process
temperatures over a measured time period, while
holding 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.

The following example demonstrates the batch test
method for a reservoir of process fluid containing
100,000,000 Ib of water being cooled from 200°F to
180°F in 20.55 hr. The flow rate of the cooling fluid is
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1,000,000 lb/hr and the inlet temperature of the cooling

C-6.2.1 Data Set

fluid is 60°F. The shell side of the heat exchanger is Cpe = 100,000,000
supplied by the fluid of the reservoir. Cper = 1
NOTE: Although this example is for the cooling of a reservoir tie = 60
containing the process fluid, the methodology for the heating Ty = 180
of a reservoir containing the cooling fluid would be similar. Tici = 200

W.. = 1,000,000
C-6.1 Calculate the Thermal Capacity of the T = 20.55

Process Fluid
Therefore,
P, = 0.75

Cp,t = (M ,t)(cpp,t)

where
Cp: = thermal capacity of the process fluid, Btu/°F, at
tpst conditions
Cpy,: = specificheat of the process fluid, Btu/lbm-°F, at
tpst conditions, from the reference in para.
32(e)
M,. = mass ofthe process fluid, Ibm, at test conditions

C-6.1.1 [rata Set
1

Cp: = 100,000,000
Cppe = 1
M,. = 100,000,000

NOTE: In thelevent that the thermal capacity of the process fluid
reservoir caijnot be ascertained accurately, measuring the heat
duty througlf the heat exchanger as a function of time and inte-
grating it to ¢btain the total quantity of heat transferred during
the period of testing is an acceptable procedure.

C-6.2 Calrulate the Temperature Effectiveness

P, = [Cp p/(TW,¢Cp. NInl(Ty ¢, = 1, ATt — 1,0)]

where

Cp: = thermal capacity of.the process fluid, Btu/°F, at
test conditions
Cpp,: = Heat capacity.ofthe cooling fluid, Btu/Ibm-°F, at
tpst conditions, from the reference in para.
32(e)

temperature effectiveness (dimensionless) at

tpst(conditions

P, =

C-6.3 Calculate the Capacity Rate Ratio

Ry = W, iCp, / Wp,CH, ,

where

Cp.: = heatcapacity of the cooling fluid, Btu/Ibjn-°F, at
test conditigns, from the reference ih para.

3.2(e)
Cpp,: = heat eapacity of the process fluid, Btu/|bm-°F,
at test conditions from the reference in para.

3:2(e)
R, =»capacity rate ratio (dimensionless) at t¢st con-

ditions

W, = mass flow rate of the cooling fluid, lbn
test conditions

W, = mass flow rate of the process fluid, lbn
test conditions

C-6.3.1 Data Set

Cpc,t =1

Cppe = 1

W, = 1,000,000

W, = 833,000
Therefore,

R, = 1.2

NOTE: Refer to para. C-5.5 to calculate projected tempers
design accident conditions, or continue with the next
calculate the overall heat transfer coefficient.

C-6.4 Calculate NTU

0 /hr, at

1/hr, at

tures at
steps to

t1: = cooling fluid inlet temperature, °F, at test con-

ditions

Ty.s = final process fluid inlet temperature, °F, at end
of time 7 at test conditions

T1.; = 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

T = time required to cool the process fluid, hr

260

For countercurrent flow

where
NTU, = number of transfer units (dimensionless) at
test conditions
P, = temperature effectiveness (dimensionless) at

test conditions
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R, = capacity rate ratio (dimensionless) at test con-
ditions

NOTE: Equations for NTU for other than countercurrent flow
configurations are given in the reference in para. 3.2(c).

C-6.4.1 Data Set

DIVISION 2, Part 21, Nonmandatory Appendix C

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 1,650
gpm. The process flow inlet temperature is 170°F at a
flow rate of 450 gpm. The heat exchanger for this
example is a single pass, countercurrent flow heat
exchanger with 90-10 copper-nickel tubes.

mperature

P, = 0.75 For this example, the temperature of interest is the
R, =12 process fluid outlet temperature, and the terms “tube
side” and “cooling water” are used interchangeably.
Therefore, CAUTION: In reality, the EDG might employ(a
NTU} = 4.58

C-6.5 |Calculate U; (NTU Method)

U = (NTU) (W, 0)(Cy )/ A

where
A,} = effective external surface area, ft?, at test con-

ditions

Cp.} = heat capacity of the cooling fluid, Btu/lbm-°F,

at test conditions, from the reference in para.

3.2(e)

NTU} = number of transfer units (dimensionless) at

test conditions

U} = overall heat transfer coefficient, Btu/hr—ft2-°F,

based on outside surface area, at test condi-

tions

Wt = mass flow rate of the cooling fluid, Ibm/h;-at

test conditions

C-6.5.1 Data Set

A,} = 10,000

Cpst =1

NTU} = 4.58

W.} = 100,000
Therefpre,

U, =| 458

NOTE: Hor NTU cugves that are available for split-flow, divided-
flow, anfl cross-flew'heat exchangers, Ty ;and T, . must be for the
shell side fluid-and ¢, ;, t; , W..,, and Cp., must be for the tube side
fluid.

control valve to modulate process flow to the hejtexchanger
to prevent too much or too little heat from.-being removed if
it detected a process fluid temperatare ‘outsid¢ a specified

range. If this were to occur, significant cha
process flow may influence the-resulting pj
outlet temperature, the rate‘of heat transfer
the cooling water outlet temperature. Significarj
in the process flows, heatload, and process in
ture may invalidaté, the use of this monitor
unless their effects(are taken into considerati

Since seasonal influences may significantl
cooling water inlet temperature, it may be
establisha\correlation that can be used to bag
ceptable“operating range of the heat excha
coolihg water inlet temperature varies with
assshown in Figure C-5.

ges in the
ocess fluid
, as well as
tdeviations
et tempera-
ing method
bn.

y affect the
lesirable to
und the ac-
hger as the
the season,

Figure C-5 shows that the temperature
between the process fluid outlet temperat

difference
re and the

cooling water inlet temperature may be incrdased signif-
icantly above the 13.73°F value as the cooling water inlet
temperature decreases. Additionally, this figyre is based
on the heat exchanger supplying the required heat
transfer of 12.37 million Btu/hr, with the pfocess fluid
inlet temperature at 170°F and with the pfocess flow
and the cooling water flow rates at 450 gpnp and 1,650
gpm, respectively. For example, at 90°F, the baseline
cleanliness test revealed a temperature difference of
3.44°F. By using this correlation, the tempergture differ-
ence can be allowed to increase to approxithately 23°F
before the heat exchanger would travers¢ the point
where it would no longer satisfy its performaice require-
ments.

The heat exchanger tube resistance (and resulting
temperature difference) is permitted to increase as the
cooling water inlet temperature decreages for the

Refel LU PdI d. \4'2.2.7 W Ld‘lLuldLE (WiLll SUIIIT dL‘lL‘liLiUlldl L‘Ide)
the projected overall heat transfer coefficient and heat transfer
rate at design accident 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
thatthe process outlet temperature does not exceed 112°F

reason that the performance of the heat exchanger
meets its design basis heat transfer requirements. In
this example, a tube resistance of 0.006624 hr-ft>-°F/
Btu would be permitted provided that the CWIT was
equal to orless than 75°F. Witha CWIT of 85°F, the limiting
tube resistance becomes 0.005205 hr-ft*>-°F/Btu. Further-
more, as the CWIT increases to the design basis
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Figure C-5 Cooling Water Inlet Temperature Versus Temperature Difference
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(a) Tempera
(b) Cooling W

temperatu
further red|

ure difference = AT
ater inlet temperature = t;

e of 100°F, the limiting tube resistance is
iced to 0.002962 hr-ft*>-°F/Btu.

CAUTION:

the cooling water inlet temperature starts an

C-7.1.1 Data Set

upward trgnd, the degree of operating margin will be

reduced in
be the best
manner. In|
the differen
by the curr
actual CWIl

The prod

C-7.1 Calg
Des

corresponding manner and experience will
guide to dictate corrective actions in a timely
this example, the operating margin may be
ce between the limiting CWIT as determined
ent temperature difference (T, - t;) and the
) tl'

edure for this example is given below.

tulate the-Temperature Difference at
gn Accident Conditions

t1q = 100
Tyq = 112
AT, = 12
C-7.2 Plot the Design Accident Condition Data

Plot the data point corresponding to t; ; and
shown in Figure C-5.

C-7.3 Extrapolate the Design Data to Deter

the Acceptable Range

Extrapolate the design data to determine the acc
range of temperature difference (AT) when
weather causes a drop in the cooling water inlet te

AT, as

mine

eptable
cooler
mpera-
own in

e tests.
differ-

AT — T ture (CWIT or t;). This acceptable range (as shl

o LA Figure C-5) will be used as a tool to gauge futur

The extrapolation of the limiting temperature
where . L . . ence corresponding with the lowest anticipated cooling
ta = coo'hng fluid ¥n'let temperature, °F, at design inlet water is derived using a heat balance Q = mCpAT
accident co'nd1t1ons . ) = UA(LMTD). The cooling water outlet temperature and
T4 = process fluid outlet temperature, °F, at design 1,0 op01] side outlet temperature are solved using the
accident condlt'lons . . above heat balance. The shell and tube side flows, as

AT, = temperature difference, °F, at design accident

conditions

well as the design fouling resistance, are considered
constant over the range of the extrapolation. The heat
transfer will increase as the cooling water inlet
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temperature decreases. The unknowns are the shell side
outlet temperature and the tube side outlet temperature.

For Figure 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
temperature 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, respec-
tively. At the cooling water inlet temperature corre-

DIVISION 2, Part 21, Nonmandatory Appendix C

chance that the heat exchanger would be unable to
perform acceptably.

CAUTION: The ability to take advantage of the margin gained
during cooler weather may be prevented by the wording in

the FSAR or other design documents.

C-8 PRESSURE LOSS MONITORING METHOD

The methodology used in the example g
involves determining the corrected pressur

iven below
e loss for a

spondihg to 75°F, the tube side outlet temperature and
the she¢ll side outlet temperature were determined to
be 95.29°F and 94.37°F, respectively. Once the shell
side oytlet temperatures are determined, the value of
the tellperature difference corresponding to a selected
cooling water inlet temperature may be determined
and plotted.

C-7.4 (Calculate the Temperature Difference at
Test Conditions

AT, =T g #,t

given heat exchanger. When applying this-method, it is

important to remember that the type
present in the heat exchanger can signific
the sensitivity of this method (see Nenthanda
dix B of this Part, section B-11):

C-8.1 Establish Flow and‘Collect Flow

A steady-state flowshould be established
heatexchanger as clése'to the same flow rate th
to establish the aeceptance criteria as pos
differences between the test flow rate and the
criteria flowrate can be corrected in the cal

C-8.2¢Collect the Pressure Loss Data

of fouling
hntly affect
ory Appen-

Data

hrough the
atwas used
tible. Small
acceptance
culation.

where
t1. | cooling fluid inlet temperature, °F, at test con- Using a differential pressure gauge, record the pressure
ditions loss at steady-state conditions, as described in/para. C-8.1.
T, 4 [ process fluid outlet temperature, °F, at design
accident conditions C-8.3 The Corrected Pressure Loss
B . R .
AT, = temperature difference, °F, at test conditigfs Since the pressure loss varies with flow ratg, it must be
corrected from the test flow rate to the acceptdnce criteria
C-7.4.1 Data Set . b ;
. L g flow rate from which the acceptance criteria was derived.
1t |-
Toa E 112 C-8.3.1 Calculate the Corrected Pressure Loss (PL.)
AT, E 27 PL. = (W,/W,)"(PL;)
This femperature difference attest conditions shouldbe ~ where
calculafed at appropriate intérvals to assess the fouling n = 2.0 if test flow rate is in the turbulent regime
tendengy of the heat exchafnger and to indicate the poten- = 1.8iftest flow rate is in the turbulentregime and
tial neled for correctigedactions. Generally, a lower if the pressure loss is primarily due fo frictional
tempefrature difference indicates a cleaner heat losses in flow through the tubes, rather than
exchanger. entrance/exit losses
. . = 1.0 if test flow rate is in the lamingr regime
C-7.5 [Plot the'Test Data Against the Design Data PL. = pressure loss (same units as PL,), dorrected to
Plotting,the data point corresponding to the CWIT at the acceptance criteria flow rate
test comditions; t7 3 anmd thetemperature differenceat PL, = pressureloss (mmp"mmnq_ I:)’L) averaged from
test conditions, AT,, will reveal that the heat exchanger data collecteq at test conditions _
is closely approaching its limit in transferring the required W, = acceptance criteria flow rate (same units as W),

amount of heat, even in cooler than normal weather. If the
CWIT were to increase several degrees, there is a good

263

on which the acceptance criteria is

based
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W, = testflow rate (same units as W,), as measured at
test conditions

CAUTION: Both W, and W, must be in the same flow regime.

CAUTION: See Nonmandatory Appendix B of this Part for
conditions that may cause misleading results.

C-8.4 Calculate the Average Corrected Pressure

ASME OM-2020

Special attention should be given to any tube openings that
may be plugged by foreign material. Plugged tubes result
in removing heat transfer surface and may reduce heat
transfer capability (sometimes, if the conditions are
right, plugged tubes can result in increased velocity
through the tubes, which offsets the effects due to the
reduction in heat transfer surface area). The inspection
should also be conducted to assess for structural
damage, welds, significant wall thinning due to erosion

ct heat

Loss and/or corrosion, tube plug integrity, tube sheet liga-
ments, and other discrepancies that might affe]
Calculate{the average PL. and compare it to the accep- exchanger performance.

tance critetfia.

C-9 VISUAL INSPECTION MONITORING METHOD

All inspdctions should be performed by individuals
proficientin corrosion processes, heat transfer, chemistry,
materials, pperating conditions, etc., and possessing a
working krjowledge in the general preventive mainte-
nance 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 prdgram that locates fouling, characterizes and
determinep the effects on the heat exchangers, and
trends the fata for predicting performance.

The best fime to perform the inspection is immediately
following dfsassembly, since the thickness of many biofilm
layers is significantly reduced when they are in a dry
condition gnd can appear as a deceptively thin layer.
One methofl to ensure accurate film thickness measure-
ment is to remove a sample tube section from the'bundle
and cap thelends of the fluid-filled tube for transporting to
the laboratpry for evaluation.

It should|be noted that visual inspection ¢annot deter-

ermine
nliness
can be
scopes,

The tubes should be visually inspected,to det]
their condition from the standpoint oftboth clea
and corrosion. Most detailed visual-inspections
conducted using such inspectionsdevices as bore
fiberscopes, or video probes.

The most effective method,of removing any
deposit should be assessed after determin
nature. If pitting is observed, evaluate the ng
other NDE to ascertain tube integrity status and p
corrective action.

C-9.1.2 Shell Side Inspections. The shell side n
carries the*process fluid, which is usually a closed
and is tréated with chemicals to maintain adequat
qualjty.and minimize fouling. However, where the
fluidis routed through the shell side, where there h
in=leakage from the cooling water side, or whei
water treatment has contaminated the normally clean
side, there is sufficient potential for shell side fouling.
This presents additional challenges for inspecting and
cleaning, since the outer tube surfaces interfage with
other structural components (i.e., support plates, and
impingement plates) creating areas that may be ihacces-
sible for direct visual inspection.

fouling
Ing its
ed for
ossible

rmally
system
e water
cooling
as been
e poor

mine the infegrity of the tube material and should not be Fixed tube sheet bundles cannot be removed from their
substituted|for the predictive monitorihg program where  shells easily; therefore, it is necessary to look ipto the
eddy current testing or other nondestructive examination bundle through shell penetrations using either f video
(NDE) methods are used. In ‘niest cases, eddy current probe or a fiberscope, or by removing a tfibe or
testing can|determine the(ntegrity of the tube material section of tube to determine the extent of fouling.
but should [not be used to)determine fouling conditions. . ) )
A combinalion of visual inspection and eddy current C-9.1.3 Plate Inspections. The basic design of plate-
testing of the tube‘IDs is recommended where tube type' heat exchangers al.low§ €asy access to bgth the
wall degradation is suspected. C(.)Ol.lng a'nd process f11.11d sides whep disassembled.
Limited inspection, without total disassemQly, for
C-9.1 Insp ection T_ypca fouling, corrosion,and debriscan-be performed by

Visual inspections can be performed on shell- and tube-
type as well as plate-type heat exchangers. Each type of
heat transfer surface requires a different type of inspec-
tion. These inspection types are described below.

C-9.1.1 Tube Side Inspections. Upon opening the heat
exchanger, the inspector should observe and note the
amount and type of fouling and debris/sludge present
in the heat exchanger, end bells, and tubes. The inspector
should obtain samples for laboratory analysis, if required.

264

removing inspection plates after draining the heat
exchanger. This allows for visual inspection of the inlet
and outletheaders and the entrance area to the plate open-
ings by use of inspection devices.

C-9.2 Monitoring Techniques

In addition to direct visual inspection of heat exchanger
components, the indirect monitoring techniques
described below may be used to detect performance
changes via disassembly, fiberscopes, and robotics.


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

C-9.2.1 Side Stream Monitor. Use of side stream heat
exchanger inspections can be employed if accurate and
dependable correlations between the side stream heat
exchanger and the represented heat exchanger(s) can
be established. Such correlations would need to be estab-
lished for both operating conditions and fouling tenden-
cies (unless both were known to be identical). Ifinspection
results of the representative or side stream heat
exchanger identify the need for corrective action, it
should be applied to all the representative heat exchan-
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is not as sensitive a trending indicator as fouling resis-
tance, because it includes the effects of numerous
thermal resistances that do not change with time, but
it provides a better direct indication of heat exchanger

capability than any of the indicators given b

elow.

C-10.1.3 Temperature Effectiveness. The temperature
effectiveness, as calculated by the temperature effective-
ness test method, may be trended to provide an indication
of possible degradation of the heat exchanger. Although

not-as sensitive an indicator-as the foulina
=]

resistance,

gers.

C-9.2.2 Water Quality Monitor. One of the key ingre-
dients pf a program to ensure that heat exchangers will
maintajn their ability to transfer the appropriate amount
of heat]is adequate water quality. Inspection results will
usually] be a direct indication of the effectiveness of the
water treatment. Close monitoring of water

thermdl performance.

C-10

The
trende

ARAMETER TRENDING

ollowing are examples of parametersithat may be
i

C-10.1

If the acceptance criteria can,be quantified, and if
enough historical data are(available (a minimum of
three grevious test result$), then trending of calculated
test parameters can be“used to determine a projected
degradation rate. This. will help to ensure operability
betwedn scheduled:tests.

The followingtest parameters may be trended to detect
heat ejchanger performance degradation over time.

Test Parameters

C-10;1.1Fouling Resistance. The fouling resistance, as

temperature effectiveness is a reliable indig
transfer performance of the heat exchanger.

C-10.2 Monitored Parameters

C-10.2.1 Pressure Loss. Pressure loss ad
exchanger, although not a diréet indicator of h
capability, is a reliable ifidicator of fouling ca|
blockage of the heat\exchanger flow pass
weaker indicator of\fouling caused by the
scales and filnds on the heat transfer sur
increases il pressure loss, readily detec
trending against time, indicate the onset of
to blockage and either the immediate or f
for inspection and/or cleaning.

C-10.2.2 Temperature Difference. Te

itor of heat

ross a heat
eat transfer
used by the
ages and a
buildup of
ace. Sharp
table from
fouling due
uture need

mperature

difference is influenced by normal heat loagls and may

not be effective for trending.

C-10.3 Other Parameters

C-10.3.1 Temperature. Trending of the co
area temperatures measured by the fund
method, the heat exchanger fluid exit temp
the temperature difference across the heat
provides a useful indication of heat exchan
mance. If inlet temperatures remain constan

mponent or
tional test
pratures, or
exchanger
ger perfor-
t, measure-

ment of either outlet temperature is an appropriate

trending parameter.

C-10.3.2 Temperature Deviation. The dev
measured safety-related temperature, as de]
the temperature difference method, from th3
by the correlation for the measured coolin
temperature, may be trended to identify d
of the heat exchanger.

ation of the
ermined by
t predicted
r fluid inlet
egradation

calculated by the heat transfer coefficient test method,
may be trended as an excellent indicator of heat exchanger
degradation due to surface fouling. Scheduling of cleaning
to maintain acceptable performance is facilitated by
trending this calculated parameter.

C-10.1.2 Overall Heat Transfer Coefficient. The
overall heat transfer coefficient, as calculated by the
heat transfer coefficient test method, may be trended
as an excellent indicator of heat exchanger degradation
due to surface fouling. The overall heat transfer coefficient

265

C-10.3.3 Flow. Flow through a heat exchanger is a less

sensitive indicator (than pressure loss) of flow passage
fouling. Trending of flow against time, however, may
be useful in diagnosing other time-related changes in
heat exchanger performance. Where the manufacturer
has stated the functionality of a heat exchanger based
on a given amount of flow (as in motor and oil
coolers), trending flow may be used to monitor heat
exchanger performance relative to the minimum flow
required.
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If flow is trended, then the throttling valves used to
control flow to the heat exchanger (indeed, to all heat
exchangers on that same train), each time data are gath-
ered, must be in the same position as they would for the
“emergency” condition, with automatically operated
valves placed in manual. Whatever flow is measured is
the flow to be compared with the acceptance criteria.
In other words, a flow balance must be achieved.

C-10.3.4 Limiting Co
For heat e
margins, t
temperatur
water inld
between th
ture repreg
fouling inc
increases.

oling Water Inlet Temperature.

he calculated limiting cooling water inlet
e (LCWIT) is compared to the actual cooling
t temperature (CWIT). The difference
e limiting temperature and the actual tempera-
ents the operating margin and decreases as
reases and/or the actual inlet temperature

C-11 UNC

A summ3
in the refer
Part, tailorsg
evaluation|
measurem
assumed t
lend to tred

ERTAINTY ANALYSIS

ry of the standard statistical method outlined
ences in paras. 3.2(n) through 3.2(p) of this
d specifically to heat exchanger performance

is provided below. It accounts for both
ent errors and result sensitivities. It is
hat the measurement and test conditions
ting this data as a normal distribution.

C-11.1 Me

The mea|
(fixed), pre
tional met
summarize

The meagurement error for each measurément param-
eter shall be determined as follows:

(a) Combine the bias error and the precision error for
the measurgment parameter usingthesquare root sum of
the squareq method.

(b) Repept the step in (a) aboveé for each measurement
parameter.

For addit
ment accur
paras. 3.2(

asurement Errors

Kurement error consists of instrument bias
fision (random), and spatial errors. A conven-
hod for calculating measurement efrors is
1 below.

ional details\on measurement errors, instru-
hcies, and related topics, see the references in
) through”3.2(p) of this Part.

(a) Determine the bias errors associated with each
sensor, signal conditioner, and piece of data acquisition
equipment in the measurement parameter string.
These errors will typically come from manufacturer’s
reports and calibration capabilities.

(b) Combine these individual bias errors using the
square root sum of the squares method for independent
errors and then add any dependent errors. The result will
be the bias error for that measurement parameter.
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(c) Repeat the steps in (a) and (b) above for each
measurement parameter.

Determination of the bias errors should be performed
prior to the formal collection of any test or monitoring
data. This is because the method selected, and the heat
exchanger’s operating margin, are likely to have a signif-
icant effect on the required accuracy of the instrumenta-
tion, which may require upgrading.

NOTE: If the same instruments are used and left installed in back-
to-back tests (e.g., in pre- and postcleaning tests), then, since the
repeatability of the instruments will be reflected in the data
acquired in the sample (thus becoming part of the-pfecision
error) and since it is only the difference between tesfs being
measured, the bias errors will cancel out and only the precision
error needs to be considered. This will allow:for the possjbility of
measuring changes in heat exchanger performance thatjare less
than the bias error.

C-11.1.2 Precision Errors."The precision error for each
measurement parametet. may be determined as follows:
(a) Collecttestdata (asetof measurement paraigneters)
consisting of a mjnimum of 31 data sets (N = 31)).

CAUTION: If fewer than 31 data sets are collected (N < 31),
the uncertainty.analysis that follows will be invalid. More
than 31 data-sets should be used if greater precjsion is
desired.(Refer to the reference in para. 3.2(n)|of this
Part if other than 31 data sets are taken.

{b) Calculate the average value for the measufement
parameter (average of N measurements).

(c) Calculate the standard deviation (also referr
the precision index) for the measurement par
using the “nonbiased” or “N - 1” method.

(d) Divide the precision index for the measurem
rameter by the square root of the total number of d
(31 or greater) to get the precision index of the ¢
value.

(e) Multiply the precision index for the averag
by the Student’s t test value of 2 to get the precisio
for the measurement parameter at the 95% con|
level.

(f) Repeat the steps in (a) through (e) above f
measurement parameter.

ed to as
hmeter

entpa-
hta sets
verage

e value
n error
fidence

br each

C-11.1.3 Spatial Errors. If more than one sens¢r loca-
tion is being used to measure the test parametg¢r (at L
locations), then a spatial error analysis must be performed
et he-bias-an eeist escribed
above. The total spatial uncertainty will take the place of
the measurement errors used in determining the resultant

sensitivities (see para. C-11.2).

NOTE: If a measured parameter is likely to vary throughout the
space that contains the process being measured (as does airflow
due to the flow profile created in a duct), then multiple measure-
ments at more than one sensor location (at L locations) must be
taken and spatial errors must be taken into account.

The total spatial uncertainty consists of the following
three parts:
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(a) the true spatial variation

(b) the time-dependent variation

(c) the instrument variation attributable to the preci-
sion error of the individual sensors

The total spatial uncertainty is equal to the root of the
sum of the squares of the other three terms. With this in
mind, there are two cases for total spatial uncertainty that
need to be considered.

C-11.1.3.1 The first case, which is the simpler of the

DIVISION 2, Part 21, Nonmandatory Appendix C

The true spatial variation may be calculated by the
method presented in the first case. The total spatial uncer-
tainty can then be calculated as first presented.

NOTE: Additional guidance on spatial errors is presented in the
reference in para. 3.2(n) of this Part.

C-11.1.4 Temperatures. The smaller the temperature
differences, the more accurate the temperature measure-
ments will need to be. The following techniques should be
used to minimize temperature measurement errors:

tWO, assuHIes that the sensor hias r‘r\vvncpnnr‘c to-the

instruy
to the
to the
spatial
spatial
(a)
sensor
(b) 1
averag
(c) 1
averag
in (a) 4
square
(d) §
the tots
the squ
If the
the ab
the sp3

C
instrun
small ¢
the ins
remov
priate.
can be
bias by
of free

The
(a) 1

(1
overall
sensor

2
numbe SEnsors esthe number g
one (N - 1) taken by an individual sensor.

(3) Take the square root of the value determined in
(2) above.

(b) Divide the pooled variation by the square root of the
sum of the number of readings for all sensors (N x L read-

ings).

hent bias, that the precision index corresponds
ime variation, and that both are small compared
bpatial variation. If this is the case, then the total
uncertainty is approximately equal to the true
variation and can be determined as follows:
Determine the average (of N readings) for each
location (there will be L averages).

Determine the average (of L locations) using the
s calculated in (a) above; there will be one average.
etermine the differences between the parameter
 in (b) above and the average instrument readings
bove and square the differences (there will be L
1 differences).

um the square of the differences, divide the sum by
I number of sensors less one (L - 1), and then take
are root.

assumptions made for this case are not true, then
ve analysis will overestimate the contribution of
tial variations to the measurement uncertainty,

11.1.3.2 The second case to consider is when the
hent precision and/or the time variations.are not
pbmpared to the true spatial variation.‘In' this case,
rument variation and the time variation should be
bd from the total spatial uncértainty, as appro-
For the second case, the instrument variation
approximated by dividihg the given instrument
the Student’s t distribution for infinite degrees
Hom.
[ime variation can:be determined as follows:
etermine the-pooled variation.

Sum the.squares of the difference between the
averagé/of N x L readings) and the individual
reading: for each sensor (N x L readings).

Divide the value in (1) above by the product ofthe
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(a) Calibrate temperature sensors and datad
equipment as a single unit, in situ, to arfive
rather than calculated total bias error. If
possible, calculate the total bias error using t
provided in the reference in para3.2(n) of

(b) If using digital data acquisition equipm|
system with the smallest andlog-to-digital
error (as this error becames part of the total

(c) When measuring-individual temper3
used in calculating-the LMTD), use precisio
individual calibtation curves applied to each

(d) When measuring only temperature
(e.g., ATs),“use two temperature sensors
together'so that they measure AT as a single m
or use the same measuring device for each t
meéasurement. This will cause most of the erj

acquisition
ht an actual
this is not
he guidance
this Part.
ent, select a
conversion
bias error).
tures (e.g.,
h RTDs and
RTD.
differences
connected
basurement
bmperature
or terms to

‘wash out” when any two temperatures are sybtracted to

calculate a AT.

(e) When measuring only temperature
(e.g., ATs), apply the bias error to the temper:
ences using the AT methodology for nonindep
limits [see the reference in para. 3.2(0) of t}

(f) Calibrate all temperature sensors used
(i.e., in the same oil bath).

(g) Calibrate temperature sensors over
greater than that expected to occur during
a minimum of three points to minimize bias i1
errors.

differences
wture differ-
endent bias
is Part].

as a group

a range no
the test, at
terpolation

(h) Perform pre- and post-test calibrations to deter-

mine the validity of drift values used in cal
bias error.

(i) Use two (or more) temperature sensor
they must be four wire) to measure the samg
and divide the bias error for one sensor by the

ulating the

5 (for RTDs,
parameter
square root

of the number of sensors used. The sensors m|

this Part].

st be inde-
a. 3.2(p) of

(j) Increase ATs by adjusting either of the flow rates
prior to the test. However, as the ATs (and their accura-
cies) increase due to reduced flows, the accuracies of the
flow measurements will correspondingly decrease. Also,
reducing test flow rates to below the design accident flow
rates will require extrapolation back to the original design
accident conditions. In these cases, a compromise must be
made between flow accuracies, temperature accuracies,
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and calculational complexities (see Nonmandatory
Appendix B of this Part, sections B-1 and B-2).

(k) Increase ATs by maximizing the heat load supplied
to the heat exchanger.

() Locate temperature sensors such that they are
readily accessible to facilitate proper calibration and
maintenance.

(m) Always use thermal grease in thermowells to
reduce thermowell temperature gradients and tempera-
ture sensor response times.

ASME OM-2020

mine the ability to obtain accurate airflow measurements.
The following techniques should be used to minimize
airflow measurement errors:

(a) If the heat transfer coefficient test method is
chosen, it is possible to extrapolate the less accurate
flow (which may be the airflow) from the more accurate
flow by performing a heat balance on both sides of the heat
exchanger (refer to paras. 6.2.5 and 6.3.5 of this Part).

(b) Locate airflow sensors in straight, unobstructed
sections of ductwork according to accepted industry stan-

(n) Forihlettemperatures, locate the sensor as close to dards [i.e., references in paras. 3.2(r) through 3.2(u]) of this
the inlet of{the heat exchanger as possible. Part].

(o) For qutlet temperatures, locate the sensor down- . . . o)

; -11.1.7 Relative Humidity. Relative humidity ¢an be a
stream of the heat exchanger in such a way as to allow ¢ s Y- yfanbe
for thorough mixture of the outlet fluid. Temperature very sensitive parameter, especially wheh'condensation is

S - : occurring. The following techniqués should be fised to
stratification in the outlet fluid is a common occurrence L . T
. minimize relative humidity meaSurement errors
and can be pvoided by proper placement of the tempera- (a) Inlet relative humidity~instruments shquld be
ture sensor| (see Nonmandatory Appendix B of this Part, ) .
section B-3 located as close to the heat exchanger as possible.
’ (b) Outlet relative humidity instruments shquld be

C-11.1.5| Water Flows. The following techniques located downstreamy of-the heat exchanger in a Ipcation
should be pised to minimize water flow measurement that ensures adequate mixing.
errors:

. . . -11.1.8 Water Pr re Loss. The following [techni-

(a) Insta]l calibrated stainless steel orifices (or compar- ¢ 8 W essu e .os.s &
able high-afcuracy primary flow elements) and flowme- ques should*be used to minimize water pressure loss

. [ . : - measurement error:
tering runs fo provide the required accuracy and sufficient
run of smopth pipe (a) Locate pressure taps close to the heat exchanger to

(b) Accolunt for any fouling layer on the pipe and/or minimize pressure drop due to pipe friction losses.

. . . ! Locate pressure taps so as to avoid fouling (i.e.,
primary flow element in the flow bias error calculation. (b) P P . g

. . . locate at top versus bottom of pipe).

() Accopnt for the primary flow element design (i.e, (c) Blow down or rod out pressure taps prior tq takin
concentric/leccentric orifice plate, nozzle, or Venturi) in p . psp . 8
the flow biks error calculation measurements to remove any corrosion and/or [fouling

(d) Install ultrasonic ﬂowme.ters magnetic flowimgters material (full-ported root valves will help facilitate this).

’ . . . d) Use instrument snubbers to reduce instfument
or annubarf, but only after careful consideration of their ( ) .
. R reading fluctuations.
specific application.

(e) Ifthefheattransfer coefficient test method is chosen, C-11.2 Result Sensitivities
it is also pg@ssible to extrapolate the least accurate flow
from the rhost accurate flow by pérforming a heat The result sensitivities can be determined as follows:
balance on|both sides of the heat exchanger_ (Cl) Define the functional relationship betwgen the

(f) Increpse flow rates prior'tothe test. However, as the measurement parameters and the test result. The test
flow rate adcuracies incredse-due to increased flows, the ~ result must be calculated in one step. All eqyations
accuracies ¢f the AT measurements will correspondingly ~ used must first be rearranged so that there is eifher
decrease. Ih these ¢as€s, a compromise must be made (1) asingle equation expressingthe testresulfonone
between flqw and tenfperature accuracies (see Nonman- side and the measurement parameters on the other or
datory Appendix-B of this Part, section B-1). (2) simultaneously calculated equations (elg., in a

(9) Locafe\water flow primary elements inside any spreadsheet) such that the measurement errdr for a
bypass loops that may exist around the heat exchanger. given measurement parameter 1s propagated through

If this is not possible, any bypass valve leakage must be
reduced to zero to eliminate any errors that might be
caused by bypass valve leakages.

For additional information on water flow measurement,
see the reference in para. 3.2(q) of this Part.

C-11.1.6 Airflows. Accurate airflow measurements are
difficult to obtain due to their sensitivity to duct work
configurations and the difficulty of instrument installa-
tion. The plant configuration should be examined to deter-
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all linked components simultaneously

(b) Calculate the nominal result using the average value
for each measurement parameter.

(c) Calculate the result sensitivities for each measure-
ment parameter and in each direction (both plus and
minus). This is done by calculating the test result
using the average values for each measurement parameter
plus (and minus) the measurement errors for each
measurement parameter (one parameter at a time, and
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one direction at a time). This process is referred to as
numerical perturbation.

Examining the result sensitivities for each measure-
ment parameter is one of the best ways to determine
which instruments are worth upgrading to a higher accu-
racy.

C-11.3 Total Uncertainty

The total uncertainty can be determined as follows:
(a) Takethe largest absolute value of the result sensi-

DIVISION 2, Part 21, Nonmandatory Appendix C

eters (calculated from the required parameters) shall be
chosen as described below.

For example, since Q,,, must equal Q., any one of the six
parameters (inlet temperature, outlet temperature, and
flow rate for both the process and the cooling fluid
sides of the heat exchanger) can be calculated from the
other five measured parameters. If all six parameters
can be measured and one parameter is known to
result in a greater total uncertainty than the others,
then that parameter should be calculated, rather than

tivities|for each measurement parameter (resulting from
the nutperical perturbation in para. C-11.2) and combine
them using the square root sum of the squares method.
This is|the total uncertainty of the test result.

NOTE: Tihe total uncertainty in the test result may be less than the
total erfjor of any one of the measurement parameters. This can
occur if fhere are “linked errors” in the calculation or if the same
measur¢ment parameter is used more than once in the calcula-
tion. In guch cases, some of these errors will cancel out, resulting
in a lower total uncertainty in the test result.

(b) Apply the total uncertainty to the nominal result in
the mopt conservative direction to arrive at a test result

C-11.

All t4
the mo|
paramg

Calculated Parameters

st condition calculations shall be performed using
Kt accurate measured parameters as the required
ters (see section 6 of this Part). The other‘param-

measured, to avoid compounding its error {
calculation.

(a) To minimize error propagationthroug
lations that follow the calculation of héat du
uncertainty should be calculated~for both th
and the calculated value of each™of the six pa|
any calculated parameter results in less total
than the corresponding.mieasured paramets
calculated parameter ‘that has the least con
total uncertainty should be used instead o
sponding meastred parameter. Refer to par
this Part for.additional guidance concerning th
method.

(b) To\provide a “consistency” check on t}
this sixth parameter should also be mea
measured value of the parameter should b
to the calculated value of the parameter. If th

hrough the

h the calcu-
ty, the total
e measured
rameters. If
uncertainty
br, then the
ribution to
the corre-
a. 3.2(n) of
e weighting

e test data,
sured. The

compared
b calculated

value does not agree with the measured value, refer to

Nonmandatory Appendices A and B of this Paj
tial causes.

t for poten-
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Part 24
Reactor Coolant and Recirculation Pump Condition Monitoring

1 INTRODUCTION Zx amplitude: vibration amplitude at twice running speed.

There is 4 need for standardization of in situ monitoring (See also harmonics.)
of reactor doolant pumpsets and recirculation pumpsets 2x vectors: the vector of vibration, amplitude, ahd phase, at
for the detection of pump and driver degradation and for ~ twice the machine running speed.
the detectign or prediction of equipment faults prior to acceleration: the time rate of change.of velocity. The unit
functional failure. The intent of this Part is to provide for vibration acceleration is G.“¥.0 G = accelerqtion of
a standard method for monitoring these pumpsets Earth’s gravity = 386.4 in./séc® = 32.17 ft/sec’|= 9.81
with a prinjary focus on vibration, bearing temperature, m /52_

— S'?al cordition monitoring. AdditionalparameFers . accelerometer: an inertial transducer that convgrts the

,teChmqueS pre use'd as approprlgte. Thg data Obt,amed are acceleration of mechanical vibration into a propgrtional

intended fgr monitoring and diagnostic analysis. electric signal.

1.1 Scope acceptance region: area around the 1x or 2x vipration
i . i o vector wherein the amplitude and phase are conpidered

This Part| establishes the requirements for monitoring normal.
of the reactor coolant pumps in pressurized water reac-
tors and recirculation pumps in boiling-water reactors. accuracy: the closeness of agreement between a mgasured
This Part eftablishes the monitoring methods, intervals, VA€ and the true value.
parameterg to be measured and evaluated, and records ~alarm, level 1: called Alert in API 670.
requirements. alarm, level 2: called Danger in API 670.

1.2 Appropch aliasing: in measurements, false indication of frejquency
components caused by sampling a dynamic signal at

This Part] provides the steps necessary to implement a too low of a sampling frequency.
monitoring|program. The major steps necessary include . ) . . ) .

(a) identiifying the potential pumpset faults that could amplitude: Fhe magnitude of v1brat.10n. DlsplacemenF is
be detected by monitoring and the symfptoms that would measured in peak to peak. Velocity and accel¢ration
be produceld by these faults are measured in zero to peak or rms.

(b) detepmining the analysis techniques thatare appro- asynchronous sampling: sampling of a vibration s]gnal at
priate to the faults that are being monitored time intervals not related to shaft rotation.

(c) estabjlishing the monitoring program necessary to  gyial position: the average position, or change in ppsition,
detect equipment deterforation or pumpset faults early 4 rotor in the axial direction with respect to sonje fixed
enough to prevent funetional failure of the pumpset reference.

(d) applying the.evaluation criteria for each pumpset

balance: see unbalance.
2 DEFINITIONS balance resonance speed: a shaftrotational speed (or speed
range) that s equat toa faterat maturat-frequercy of the

0.3x: 0.3 times the machine running speed.
0.5x: 0.5 times the machine running speed.
1x: the machine running speed in cpm.

1x amplitude: vibration amplitude at running speed. (See
also harmonics.)

Ixvectors: the vector of vibration, amplitude, and phase, at
the machine running speed.

2x: twice the machine running speed.
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rotor system. [See also critical speed(s).]

baseline data: reference data set acquired when a machine
is in acceptable condition after installation or most recent
overhaul that establishes a basis to which subsequent data
may be compared.

bearing instability: vibration caused by interaction
between the fluid in the bearing and the rotor.
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Bod plot: a pair of graphs in Cartesian format displaying
any vibration vector (phase lag angle and amplitude) as a
function of shaft rotational speed. The y-axis of the top
graph represents phase lag angle, while the y-axis of
the bottom graph represents amplitude. The common
x-axis represents shaft rotational speed. Sometimes
called an “unbalance response plot.”

cascade plot: a series of spectrum plots taken over a speed
range, usually at set speed intervals plotted against the
speed.

DIVISION 2, Part 24

Hertz (Hz): unit of frequency measurement in cycles per
second.

loose part: a metallic object that is disengaged and free to
drift or constrained and can affect nearby components.

mechanical runout: a source of error in the output signal of
a proximity probe system resulting from surface irregu-

larities, out of round shafts, and such.

misalignment: the degree to which the axes
components are noncollinear, either in offs

of machine
et or angu-

casing|vibration: the absolute vibration of machine
housing or structure, usually measured on the bearing
housing.

channel/loop: consists of a transducer or sensor, signal
conditioning, and the hardware required to display its
output|signal.

critical|speed(s): often any shaft rotational speed that is
associated with high vibration amplitudes. In general, the
speed that corresponds to a rotor lateral mode resonance
frequency excited by rotor unbalance, in which case it is
more dorrectly called the “balance resonance speed.”

diagno.
tions fi
equipnj

ftics: methods used to identify sources of malfunc-
om data gathered using monitoring and analytical
ent.

displacgment: a vibration measurement that quantifies the
amplityide in engineering units of mils (1 mil=0.001 in.) or
micronpeters.

electrid
from 4
non-uf
observ
field af]

filter: ¢
cific frg

freque

unit of
units o
orders

freque
charac
frequet

al runout: a source of error on the output signal
noncontacting probe system resultingg from
iform electrical conductivity propetties of the
bd material or from the presence of alocal magnetic
a point on the shaft surface.

ectronic circuitry designed to pass or reject a spe-
quency band of a signal.

cy: the repetition rate of a periodic vibration per
time. Vibration frequency is typically expressed in
f cycles per second“(Hertz), cycles per minute, or
of shaft rotatiehal speed.

cy component: the amplitude, frequency, and phase
eristics.0f’a dynamic signal filtered to a single
\CY.

G: a uniit of"acceleration. (See also acceleration.)

larity.

mode shape: the deflection shape ofa pumpset
structure due to an applied dynamicforce
frequency; also used for the deflection
forced response.

natural frequency: the frequéncy of free vil
mechanical system at which a specific na
shape of the systemselements assumes its
amplitude.

nonsynchronous;any component of a vibratio
has a frequency not equal to an integer mult
rotational speed (1x).

Nx amplitude: vibration amplitude at N tim
speed; where N is an integer. (See also harn

oilwhirl: see bearing instability.

orbit: the path of the shaft centerline motion
location during rotation.

overall: a value representing the magnitude
over a frequency range determined by the d
instrument or as specified. Expressed as rm¢
(0-P), and peak-to-peak (P-P).

phase angle: the timing relationship, in degre
two signals, such as a once per revolution refe
and a vibration signal.

polar plot: a graphical format used to disp
(amplitude and phase) on a polar coordinat

preload: a unidirectional, axial, or radial statig
external or internal mechanisms. Also app
installation configuration of certain bearing
as tilting pad bearings.

proximity probe: anoncontacting device that m

hnd support
t a natural
shape of a

ration of a
fural mode
maximum

1 signal that
ple of shaft

es running
onics.)

t the probe

bf vibration
bsign of the
, zero-peak

bs, between
rence probe

lay vectors
P system.

load due to
lied to the
types such

easures the

displacement motion and position of a surfac

b relative to

gap voltage: a DC voltage from a proximity transducer that
quantifies the distance from the tip of the transducer to the
observed shaft surface.

Hanning window: windows are weighting or resolution
functions. A Hanning window provides an amplitude accu-
racy versus frequency resolution compromise for general
purpose measurements for rotating equipment.

harmonics: the vibration content of a spectrum consisting
of exact frequency integer multiples or submultiples of a
fundamental frequency.
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the probe-mounting location. Typically, proximity probes
used for rotating machinery measure shaft displacement
motion and position relative to the machine bearing(s) or

housing.

pumpset: consists of the motor, coupling, pump, bearings,

and seals.

radial vibration: shaft or casing vibration that is measured

in a direction perpendicular to the shaft axis,
lateral vibration.

often called
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rub: potentially severe machine malfunction consisting of
contact between the rotating and stationary parts of a
machine.

shaft bow: a condition of deformation of a shaft that results
in a curved shaft centerline.

spectrum averaging: the averaging of multiple spectra to
reduce random nonrecurring frequency components.

spectrum plot: an x-y plot in which the x-axis represents
vibration frequency and the y-axis represents amplitudes

ASME OM-2020
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of vibratior} components.

speed: the ffequency at which a shaft is rotating at a given
moment, upually expressed in units of revolutions per
minute (rpm) or revolutions per second (rps).

steady-sta
constant sh

e data: data acquired from a machine at
aft rotational speed and process conditions.

synchronou
frequency ¢
tional spee

5: the component of a vibration signal thathas a
qual to an integer multiple of the shaft rota-
L (1x). (See also time synchronous averaging.)

synchronou
initiated by

5 sampling: sampling of a vibration waveform
a shaft phase-reference transducer.

time synch
synchronou
tational-rel

onous averaging: the averaging of multiple
sly sampled waveforms to reduce the nonro-
hted frequency components.

transducer:
phenomend
amplitude g
generatesa
tion of the

generally, any device that converts a physical
n into an electrical signal proportional to the
fthe sensed parameter (e.g., an accelerometer
h electrical signal proportional to the accelerax
point at which it is mounted).

trend: any {
function of

arameter whose magnitude is displayed-as a
time.

A rotor condition where the mass: centerline
(principal pxis of inertia) does not coineide with the
geometric|centerline, expressed~in;units of gram-
inches, gram-centimeters, or ouncesinches.

unfiltered: data that is not filtered and represents the
original trapsducer output-signal.

unbalance:

) frequency: alfrequency equal to the number of
shaft rotational speed.

vane passing
vanes time

vector: a qyantity that has both magnitude and angular
orientatiopn. Eor'a vibration vector, magnitude is

expressed ds aniplitude (displacement, velocity, or accel-
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Auxiliary Power Plant‘Equipment

ASTM E1934, Guide for Examining Electrical and M
ical Equipmentwijth Infrared Thermography

Publisher: Américan Society for Testing and M
(ASTM International), 100 Barr Harbor Driy

Box C700, West Conshohocken, PA 19428-295

echan-

terials
re, P.O.
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4 MACHINE FAULTS

4.1 Introduction

Tables 1 through 3 list some of the more c(
pumpset and seal faults, their typical sympton
the more common analysis techniques emplg
detect faults. The tables are not intended to be dia
tables. Table 1 describes pumpset mechanical fault
2 describes seal faults, and Table 3 describes el
motor faults.

mmon
hs, and
yed to
gnostic
5, Table
bctrical

5 VIBRATION, AXIAL POSITION, AND BEAR
TEMPERATURE MONITORING EQUIPMEN

ING
T

eration) and direction as phase angle (degrees).

velocity: the time rate of change of displacement. Units for
velocity are inches/second or millimeters/second.

waterfall plot: similar to cascade plot, except that the z-axis
is usually time or another time-related function, such as
load, instead of shaft rotational speed (rpm or rps).

waveform plot: a presentation of the waveform of a signal
as a function of time. A vibration time waveform can be
observed on an oscilloscope in the time domain.
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5.1 General

5.1.1 Pumpsets monitored under this Standard shall
have a permanently installed vibration, axial position,
and bearing temperature monitoring system as specified
in API 670 with the additions, deletions, and changes as
specified below. Although API 670 was written for hori-
zontal machines, the most significant change required for
API 670 to apply to the pumpsets defined in this Standard
are the location and orientation of the transducers. See
paras. 5.3.2 and 5.3.3.
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Table 1 Pumpset Mechanical Faults

DIVISION 2, Part 24

Possible Faults Typical Symptoms Analysis Type
Excessive bearing preload 1x and occasionally 2x vectors, non- circular orbit, Bearing temperature, orbit, oil properties,
bearing temperature rise spectra, trend, and vector
Hydraulic instability Nonsynchronous, random vibration < 1x speed Average spectra and trend
Bearing instability Vibration at 0.3x to <0.5x speed Orbit, spectra, and trend
Rub (partial or full rotation) Harmonics of running speed, truncated waveforms  Orbit, spectra, trend, waveform, and vector
Shaft bent/bowed Vibration at 1x speed Orbit, spectra, and vector
Cracked shaft Changes in 1x and 2x amplitude and phase Orbit, spectra, trend, and vector
Unbalanfe Tx vectors and a typically circular orbit Orbit, trend, and vector
Worn/dgmaged bearings 1x amplitude or increase in harmonic amplitudes Bearing temperature, orbit,@il\pjjoperties,
spectra, trend, and vector
Looseneps 1x vector increase, harmonics of running speed, Spectra, waveform, and trénd
truncated waveforms

Coupling misalignment or damage  1x and occasionally 2x vectors, noncircular orbit, Bearing temperature, orbit, spectifa, and vectors

(angular/parallel) bearing temperature rise

Table 2 Seal Faults
Possiblg Faults [Note (1)] Typical Symptoms Analysis Type
Seal Excessive leakage Trend and correlation of seal parameters, such as flow, tenjperature, and
pressure

Chipped Failure to stage

Cracked seal faces Increment in cavity temperature

Pinch¢d or cut Increase or decrease of bleedoff flow

elastofmners

Wear Increase of bleedoff or leakage

Dirt afgcumulation temperature

Blockgd controlled Unbalanced seal pressure and

bleedqff temperatures

Seal pressure oscillations (spikes)
Suppor{ systems
Pressyre surges
Reduded cooling and/or
injeftion water flow
Incregsed CCW
tempdrature

NOTE: ([1) Some seal faults, such as excessive age and heat checking, cannot be detected by a monitoring system.

Table 3 Electrical Motor Faults

Rossible ‘Faults Typical Symptoms [Note (1)] Analysis Type
Broken fotar bar Np*S sidebands around 1x vibration, Np*S vibration Np*S Motor current spectrd, vibration
sidebands around line frequency current, motor speed spectra, and waveform
decrease
Nonuniform air gaps 2x line frequency vibration; Np*S sidebands around 1x Motor current spectra, shaft

vibration; Np*S vibration Np*S sidebands around line
frequency current; unusual shaft position change on start;
rotor bar, stator slot frequencies, and sidebands

Insulation breakdown Electrical protection relays actuate breakers

centerline position,

vibration

spectra, and waveform

Visual examination of
relays

protective

NOTE: (1) Np = number of poles on motor; S = slip.
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5.1.2 Proximity probes are the preferred method of
monitoring. Accelerometers may be used in addition to
the proximity probes.

5.1.3 Instrumentation shall be suitable for the
expected radiation where the instrument is to be installed.

5.2 Monitoring System

5.2.1 Monitors shall be in a controlled, indoor environ-
ment, preferably near or in the control room and easily

ASME OM-2020

(25 mm/s) peak. Reference API 670, paras. 3.5.4.1 and
3.5.4.2. Other ranges may be used.

5.2.9 Accelerometer monitors shall contain a high pass
filter in accordance with API 670, para. 3.5.4.4. The filter
shall be set to one-third of the minimum running speed.

5.2.10 Accelerometer monitors shall contain a low
pass filter in accordance with API 670, para. 3.5.4.4.
This filter shall be set to the higher of 1.5 times rotorbar
pass frequency or 1.5 times stator slot passing frequency.

accessible Hy operations personnel, with an audible alarm
in the contijol room and a visual display of the measured
parameterg This display need not be dedicated and may
be shared with other parameters, as through the process
computer, dtc. The readout ranges specified below may be
changed to meet special requirements. Reference AP1 670,
para. 3.5.2.

5.2.2 The following parameters shall activate an
audible alagm in the control room and shall be displayed:

(a) overdll vibration amplitude

(b) 1xarld 2x vectors, amplitude and phase of vibration

(c) thrugt position

(d) bearing temperature

(e) vibration monitor circuit fault as in API 670, para.
3.5.1.1(k)

5.2.3 Thenumber ofrelays may be different from those
specified in API 670, para. 3.4.2.1.

5.2.4 The physical length of the probe and integral
cable shall be in accordance with API 670, para.
3.1.1.4, if practicable. Other lengths may be specified;if
required.

5.2.5 THe physical length of the probe extension cable
shall be in dccordance with API 670, para.3=1:2, if practic-
able. Other|lengths may be specified if Tequired.

5.2.6 Radial proximity vibration_monitors’ readout
may be analog or digital. If apaleg, the readout range
shall be frgm 0 mils to at least;20 mils (500 pm) peak-
to-peak displacement, with20:5 mil (15 um) resolution.
If digital, the readout tange shall be at least 25 mils

or digital. The readoutrange shall be from 40 mlls to +40
mils (-1.0 mm to 1.0 mm) axial movement, with at least 2
mil (50 um) resolution. For sensor locations other than as
specified in para. 5.4.1, the range may need to be evalu-
ated. Reference AP1670, para. 3.5.5.1. Other ranges may be
used.

5.2.8 Accelerometer monitors shall contain an inte-
grator to convert the sensed acceleration to velocity.
Monitors may be analog or digital. If analog, the
readout range shall be from 0 in./sec to 1.0 in./sec
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5.3 Radial Proximity Sensor Locations

5.3.1 Each journal bearing in the purhpset influding
the motor, thrust bearing assembly.(if presenit), and
the pump shall have two proximity)probes (X|and Y)
installed in accordance with para. 5.3.3 or API 670,
para. 4.1.1.

ar. All X
The Y
esin a
of the
hall be
1 670,

5.3.2 Each pair of Xand ¥probes shall be coplan|
probes shall have the same angular orientation
probes shall be 90deg * 5 deg from the X proh
counterclockwise(djrection as seen from the toq
motor looking down. If practicable, the X plane 5
in line withsthe discharge pipe. Reference Al
para. 4.1,1.1.

ghall be
able to
1.1.

5.3:3" The probes monitoring the pump shaft
locdted above the seal housing as close as practig
thie' top of the seal. Reference API 670, para. 4.1.

th elec-
b in the
hall not
condi-
basure-
runout
ped 3.0
dition
hted as
to the
4.1.1.2.
opera-

5.3.4 Total error due to surface condition, bo
trical and mechanical, at the measurement plane
motor and thrust bearing assembly (if present), s
exceed 0.5 mils (15 pm). Total error due to surfacg
tion, both electrical and mechanical, at the pump m
ment plane specified in para. 5.3.3 may have
exceeding 0.5 mils (15 pm), but should not exc
mils (75 pm). Any error due to surface cof
greater than 0.5 mils (15 pum) shall be docume
an 8-point reading including the phase relative
phase reference mark. Reference API 670, para.
This surface condition should not be confused with
tional runout.

5.4 Axial Proximity Sensor Locations

t) shall
ave attea : 2 riented
proximity probes in accordance with API 670, para.
4.1.2. For locations other than specified in API 670,
para. 4.1.2, the ranges must be evaluated.

Each thrust bearmg (motor and pump if presen

5.5 Phase-Reference Sensor Location

5.5.1 There shall be atleast one phase-reference trans-
ducer observing the motor rotor for each pumpset in
accordance with API 670, para. 4.1.3. This transducer
shall be separate from any speed transducer(s) that
observe a multitooth gear or are part of a shutdown


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

system or a safety-related system. Reference API 670,
para. 4.1.3.

5.5.2 Inaddition to AP1 670, para. 4.1.3.6, the marking
groove shall provide a pulse width of at least 1% of the
shaft rotation period. Reference API 670, para. 4.1.3.6.

5.6 Bearing Temperature Sensors

5.6.1 Bearingtemperature sensors are notrequired on
the pump journal bearing. Reference AP1 670, para.4.1.5.1.

DIVISION 2, Part 24

5.8.4 Accelerometers shall be calibrated in accordance
with API 670, Table 2B. The lowest calibration frequency
shall be the lower of 10 Hz or one-third the running speed.

6 VIBRATION DATA ANALYSIS SYSTEM

REQUIREMENTS

6.1 Introduction

The purpose of this paragraph is to present the require-

ments-for-a—digital-anatysts—systemthat-shal be used to

5.6.2 Radial bearing temperature sensor locations perform the pumpset vibration data analysisyand display.
shall cpnsider significant bearing loading. Reference The listed data acquisition capability, required to perform
API 67), paras. 4.1.5.1.1 through 4.1.5.1.9. the necessary analysis, requires a computer-based digital

5.6.3
have b
API 67

Both the active and inactive thrust bearings shall
Paring temperature sensors installed. Reference
D, paras. 4.1.5.2.1 and 4.1.5.2.3.

57S

5.7.1 The natural frequencies of the combined
pumpset and support structures shall be determined
by andlysis or test or both. Note that this is not a
rotor-cyitical speed analysis. The frequencies and mode
shapes|calculated or measured shall be used to determine
the appropriate locations for the accelerometers, which
shall b¢ installed in accordance with API 670, para. 4.2.3.

5.7.2 Three accelerometers shall be mounted to the
top of [the motor. Two of the accelerometers shall be
mountg¢d in the same angular orientation as the X and
Y proyimity probes +5 deg, and the third shall be
caused|by sampling a dynamic signal at too low asampling
frequency.

5.7.3 Ifthe running speed of the pumpset is above the
first natural frequency, or the mode shape is not a simple
beam mode, then two accelerometers’shall be mounted at
each rddial bearing except the pump journal bearing.

nsor Locations for Optional Accelerometers

5.8 Of

5.8.1 Wiring and conduit are not required to be in
conformance to NERA' 70 as specified in API 670, para.
3.6.1. Field-mounted equipment shall be installed in
contaimment. subject to containment spray events but
not to |weather. Drains in conduit low points are not
requirdd @s’ specified in API 670, para. 3.6.2.1.

her Specifications

analysis system. Some of the support funct

ons (signal

conditioning, filtering, etc.) can be done with analog equip-

ment. However, digital equipiment is required
the data sampling, storage;-archiving, and ar

to perform
alysis.

6.2 Data Acquisition for Dynamic Signals

6.2.1 Introduction. Data acquisition re
process of digitally sampling an analog dyn
The system*heeds to be able to support data
for each of the data collection modes describe
8. The following data acquisition specificati
suitable data for the analysis functions listed

6.2.2 General Requirements

(a) over-range detection/indication

(b) A/D conversion as required to meet t
requirements of para. 6.3

(c) dynamic range 78 dB or better

(d) magnitude accuracy 5% of full-scale r

6.2.3 Spectra Sampling Requirements

(a) 400 line minimum resolution
(b) frequency range
(1) proximity probe at least 20 times ff
pump
(2) accelerometers at least 10 kHz
(c) Hanning window
(d) anti-aliasing filters
(e) four averages (minimum)
(f) 50% overlap

fers to the
imic signal.
acquisition
d in section
ns provide
in para. 6.4.

e accuracy

hnge

b1l speed of

(g) sample rate 2.56 times frequency ran

b

5.8.2 Field-installed instrumentation is not expected
to be installed in hazardous locations; thus, the portions of
API1670 thatrefer to requirements for hazardouslocations
do not apply (API 670, para. 3.8.1).

5.8.3 The system is not expected to be wired into an
automatic shutdown system; thus, the provisions of API
670 that refer to automatic shutdown do not apply (API
670, paras. 3.5.1.4, 3.5.1.5, and 3.8.3).
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(h) asynchronous sampling

6.2.4 Waveform Sampling Requirements

(a) at least 100 sample points per revolution at full

speed
(b) at least a 10 revolution sample length
(c) no anti-aliasing filters

(d) Xand Y probes simultaneously sampled with phase

reference
(e) time synchronous averaged wavefor
least 16 averages

ms with at
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6.3 System Accuracy and Calibration

6.3.1 The channel or loop accuracy including the
computer system shall be within 10% for radial shaft
vibration, thrust position, and bearing temperature.

6.3.2 The channel or loop accuracy including the
computer system for casing vibration shall be within
10% over a range from 0.1 G to 75 G at a single reference
frequency. The channel accuracy shall be within 20% over
the frequency range, as specified in paras. 5.2.9 and 5.2.10.

ASME OM-2020

(c) vector plots for monitoring balance response
changes

(d) shaft centerline plots; polar plot of shaft centerline
position within bearing

(e) gap voltage plots

6.4.6 Trend Analysis. Trend analysis refers to any
measured parameter as a function of time in a Cartesian
plot.

6.5 Data Storage

6.3.3 THe channel or loop accuracy may be calculated
using the $quare-root-of-the-sum-of-squares (SRSS)
combinatiopn of the individual accuracies of the sensor,
the monitof, and the computer system.

6.4 Data Analysis and Display

The analysis and display functions listed in the
following ppragraphs shall be provided.

6.4.1 Geperal Requirements

(a) cursqr readout ability for all plots

(b) maanal and auto scaling for all plots

6.4.2 Amplitude and Phase Requirements

(a) Ovefall amplitudes shall be measured and
expressed 3s acceleration, velocity, or displacement.

(b) In addition to the alarms specified in the API 670
monitoring|system, the analysis system shall provide 1x
and 2x acdeptance region alarms for radial proximity

probe chanpels.

6.4.3 Fre¢quency Domain Analysis

(a) freqiency spectra, in which linearsamplitudes,
acceleratiops, velocities, or displacemehts are plotted
versus linfear frequency expressed.as cycles per
second, (HZ), cycles per minute (cpm), or orders, synchro-
nized to a phase reference

(b) watdrfall plots with at\east 50 spectra plotted
versus timg

(c) cascd
speed

de plots with(atleast 50 spectra plotted versus

6.4.4 Time Waveform Analysis

(a) time|waveform plots of unfiltered data

6.5.1 The system shall provide storage and dis
either averaged or maximum/minimum_data’st
least once per hour or at an interval\spécifiec
purchasing the system. Data shall be.stored for
24 mo. The minimum vibration-related datd
stored shall be the overall amiplitude, running
amplitude and phase, twice-running speed amplitude
and phase, gap voltage, and~speed. The minimum| nonvi-
bration-related data tp-be stored shall be the bearing
temperatures, seal¢parameters per section 7, phmpset
discharge température, pumpset pressure, pumpset
flow rate, reactor power level, and other paramgters as
applicable. Averaged data shall be computed|as the
average of at least 10 points collected over the interval.
Maximum/minimum data shall similarly apply to jpt least
ten data points.

play of
bred at
when
ht least
to be
speed

6.5.2 The system shall provide storage of the fo
data at a minimal interval of at least once per d

(a) time waveforms with phase reference

(b) time synchronous waveforms

(c) averaged spectra (eight averages)

lowing
hy:

6.5.3 The system shall collect and store the data as

specified in paras. 6.5.1 and 6.5.2 on an alarm.

ration-
h coast-
h. Addi-
thall be
speed.

6.5.4 The system shall collect and store the vih
related data as specified in paras. 6.5.1 and 6.5.2 o1
down and startup at a rate of at least every 50 rpn
tionally, one set of data, as specified in para. 6.5.2,
obtained once the pumpset has reached operating

6.5.5 The system shall provide the capability to
the interval for the data collected in paras. 6.5.1 af
for startup or troubled machine monitorinjg. The
minimum recommended intervals available sh:[l be at
least every 2 min for data in para. 6.5.1 and evely 1 hr

change
1d 6.5.2

(b) time waveform plots of time synchronous averaged
data

(c) orbit plots of unfiltered data

(d) orbit plots of synchronous (1x) or running speed
data

(e) time synchronous averaged orbit plots

6.4.5 Balance/Critical Speed Analysis

(a) Bodé plot for speed-transient data
(b) polar plots for speed-transient data
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for data in para. 6.5.2.

6.6 Continuous Display of Dynamic Signals

6.6.1 The system shall be capable of displaying any of
the plots specified in para. 6.4 except Cascade and Bod
with an automatic refresh rate of at least once per 10 sec.

6.6.2 The system shall be capable of printing the
display on demand or saving the display data to disk.


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020

7 SEAL MONITORING

7.1 Introduction

7.1.1 Seals monitored under this Standard shall have
permanently installed sensors that monitor the parame-
ters as specified below.

7.1.2 Instrumentation shall be suitable for the
expected radiation where the instrument is to be installed.

7.1 3 Vibrationlimits and shaft Hicp]arnmnnflimifc for

(h) CCW temperature

7.2.6 Also, the following system paramet
recorded at the time seal data are collected:

(a) power level

(b) system temperature

(c) system pressure

(d) pump flow

(e) pump speed

(f) pump AP

DIVISION 2, Part 24

ers shall be

the puthpset are generally less than that for the seal. Axial
displadement for the seal is limited by the spring gap,
much greater than the 0.060 in. to 0.120 in.
m to 3 mm) total axial displacement of the
pump ghaft. Seal problems will not show up as a vibration
indicatjon.

7.2 Monitoring System

7.2.1 Monitors shall be in a controlled, indoor environ-
ment, preferably near or in the control room and easily
accessiple by operations personnel, with an audible alarm
in the dontrol room and a visible display of the measured
paramgters. This display need not be dedicated and may
be shaifed with other parameters, as through the process
computer, etc. The readout ranges specified below may be
changed to meet special requirements.

7.2.2 The applicable parameters in para. 7.2.4 or 7.2.5
shall agtivate the audible alarm in the control room and
shall b¢ displayed.

7.2.3 The channel or loop accuracy, including the
compufer system, shall be within 5% for temperature,
pressufe, and flow.

(c) ipjection pressure

(d) gooling water flow

(e) dooling water temperature

(f) cpoling water*pressure

(g) WBearing'water temperature

(h) pumber3 seal injection flow to seal
(i) njurabér 3 seal injection temperature

7.2.7 Computer systems shall store data{o)
months.

I at least 24

7.3 Monitoring and Analysis Requirements

7.3.1 Introduction. The effecCtive use of t
monitoring system is crucialto an effective
program. Alarms must besset properly, peri
of the data must be.done, and an effectiy
responding to an alarm must be in place.

he installed
monitoring
bdic review
e plan for

7.3.2 Startup Monitoring. Review of the frend of the

seal parametérsshall be performed at least o
during system pressurization.

7.3.3. Periodic Monitoring

{a) The intent of periodic monitoring is a

(1) Provide a separate monitoring §
method to ensure that problems with the §
missed because of deficiencies in the installed
system.

(2) Provide long-term trend data offliy
monitoring system.

(3) Ensure that a qualified person p
reviews the seal condition.

(b) Periodic monitoring is required at le
weeks. If any seal parameters are unusug
alarm value, or a significant trend is seen,
evaluation in accordance with para. 7.4, a
monitoring in accordance with para. 7.5 as 1

(c) Along-term trending database shall be
separately from the installed monitoring s
archive shall be easily available as required
for long-term changes in seal condition,
archive of past seal problems, and provide fg
and other specialized analysis.

ce per hour

5 follows:

lystem and
eal are not
monitoring

e from the
eriodically

Ast every 2
1, over the
perform an
hd perform
equired.

maintained
ystem. This
to monitor
provide an
r statistical

L) As HO'S 1 daota ]l
ITC il IIcCTvar CUOCTISuT T o Uddata 1955 air

the useful-

(j) number 3 seal injection pressure

7.2.5 Staged Seals. The following seal parameters
when possible shall be recorded at least once per hour:

(a) seal staging pressures

(b) controlled bleedoff flow rate

(c) measured seal leakage rate

(d) controlled bleedoff temperature

(e) lower seal temperature

(f) seal injection temperature

(g) seal injection flow rate
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1

ness of the long-term trending database, transfer the
historical files from the monitoring system to the long-

term trending and archiving database.

7.3.4 Shutdown Monitoring. Engineering shall review
the trend of the seal parameters at least once per hour

during system depressurization.
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Table 4 Minimum Monitoring and Recording Intervals

Run Time Monitoring Interval
Initial 2 min Continuous
Initial 20 min 2 min
<24 hr One reading within the first 24 hr
24-72 hr 24 hr
3-7 days 48 hr
7-15 days [Note (1)] 1 week

NOTE: (1) Monitoringshall be continued until atleastaweek after the

ASME OM-2020

performed, and an effective plan for responding to an
alarm must be in place.

8.2 Postmaintenance Monitoring

After every pumpset maintenance, the monitoring
specified below shall be performed to verify the condition
of the pumpset and to establish new baseline data.

8.2.1 Start-Up Monitoring Schedule. Perform moni-
toring per the schedule provided in Table 4.

plant is stablg.

7.4 Seal /

741 W
the first r
initial actio

(a) false
and was th
pumpset st

(b) sevel

(c) deter
diately

(d) notif

742 W
make a fu
pumpset. T

\larm Response

hen the installed monitoring system alarms,
bsponse is usually by the Operators. The
hs to be taken shall include the following:
plarm discrimination (i.e., does the alarm clear
e event related to a plant event such as a
hrt?)

ity evaluation

mination if pumpset shall be shut down imme-

cation of engineering for further evaluation

hen notified of an alarm, engineering shall
Fther evaluation of the condition of the
his evaluation shall include the following:

(a) corrdlation of seal data to other plant data

(b) comparison of seal data to other seals and historical
data

(c) falsefalarm discrimination

(d) revigw of relevant data collected by the'monitoring
system

(e) evaldation of the seal condition per manufacturer
guidelines

(f) deterjmination to implement)an enhanced moni-

toring program in accordance with para. 7.5

7.5 Enhanced Monitoring of a Troubled Seal

sual seal condition is detected, an enhanced

progrfam’shall be implemented until the
problem is |corrected or the pumpset is shut down. The
interval of thémonitoring shall be based on the trend

If an uny
monitoring

8.2.2 Pumpset Start-Up Monitoring Proceduljne

hilable,
hones.
be part

(a) The loose parts monitoring system,-if av|
shall be monitored via the speaker ‘er ‘headp
Select the appropriate sensor to(detect a loo
coming from the pump.

(b) Evaluate any loose parts.alafrms during the
possible pump-related loosé-part events.

(c) Monitor the spectra‘\and the orbit.

(d) Monitor the overall vibration using the ir
vibration displays,

(e) Take oneset of periodic monitoring data p
8.3.

(f) Ifavailable, setup torecord the first20 min o
tape or atrahsient data acquisition system. If any
vibrations were seen during the run, the data s
analyzed for the cause of the vibration.

{g) Inspect the orbit and spectra of the X and Y]
for significant changes.

(h) Monitor the 1x amplitude and phase.

(i) Examine the 1x and 2x vector trends and pol
of all probes for any unusual changes. For exam
following may indicate an unusual change:

(1) anamplitude increasing ata rate of 1 mil
in 5 min

(2) an amplitude increase or decrease of 1
um)

run for

stalled
br para.

h either
Inusual
hall be

probes

hr plots
ple, the

25 pm)

mil (25

(3) anincrease in 2x amplitude of 50% when above
0.5 mils (15 pm)

(4) an increase in 2x amplitude of 1 mil (2

(5) a change in the phase of the 1x or 2x of]

(j) If vibration, thrust position, or bearing temp

are unusual, over the alarm value, or a significant

seen, perform an evaluation in accordance with p
and perform monitoring in accordance with parad

b Lm)

30 deg
prature
rend is
hra. 8.6
. 8.7 as

and the result of the analysis and interpretation.

8 VIBRATION, AXIAL POSITION, AND BEARING
TEMPERATURE MONITORING

8.1 Introduction

The effective use of the installed monitoring system is
crucial to an effective monitoring program. Alarms must
be set properly, periodic review of the data must be
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H d
reqtired:
(k) Whenever any spectrum or orbit shows a signifi-
cant change, make a long-term storage media copy of
the filtered and unfiltered orbit, time synchronous
average orbit, and the spectra.

(1) Make long-term storage media copies of the data
listed below from the installed computer system. Data
shall cover the period from before startup to establish-
ment of baseline. Long-term storage media may be
paper copies, disk files (floppy, hard drive, optical,
etc.), or other retrievable records.
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(1) overall vibration amplitude trend plots
(2) thrust position trend plots
(3) bearing temperature trend plot
(4) 1x amplitude and phase trend plots
(5) 1x acceptance region plots
(6) 2x amplitude and phase trend plots
(7) 2x acceptance region plots
(8) waterfall plots as a function of delta time
(9) gap voltage trend plots
(m) After atleast 7 days of stable operation, take base-

DIVISION 2, Part 24

with para. 8.7 as required. As a minimum, the following

data shall be reviewed:
(a) current alarms
(b) alarms received since last review

(c) trend of gap voltage; note any changes over 2 V
(d) trend of the overall amplitude for each vibration

sensor
(e) trend ofthe 1x and 2x amplitude and ph
vibration sensor
(f) trend of the bearing temperatures

ase for each

line dafa per para. 8.3.

8.3 Bajseline

8.3.1 A new baseline shall be established for the
pumpskt after every outage where maintenance work
is performed on the pumpsets.

8.3.1 Atleast 7 days (preferably 15 days) of vibration
data atftable operation shall be available before acquiring
new bdseline data.

8.3.3 The condition of the pumpsets shall be evaluated
to be acceptable before accepting the baseline data.

8.3.4 The following baseline data shall be stored for
each ptimpset:

(a) unfiltered orbit and waveform

(b) gpectra

(c) fjltered orbit and waveform

(d) time synchronous orbits and waveform

(e) dcceptance region plot of the 1x rpm (rps) and.2x
rpm (rps) component for each sensor

(f) process data at time of acquiring new baseline data

(g) 3nalog monitor front panel readings

(h) ¢urrent value displays from computer system of
overal|l amplitude and gap voltage-as applicable for
each s¢nsor

(i) cprrent alarm settings

8.3.5
of the

The baseline data shallbe maintained for the life
bumpset.

84 P

8.4.1 The infent of periodic monitoring is as follows:
(a) Provide aSeparate monitoring system and method
to ensyre that problems with the pumpset are not missed
becausk of deficiencies in the installed monitoring system.

riodic Monitoring

8.4.3 A monthly 10-min analog of. dligital tape

recording of each vibration channel is(recon

8.4.4 A long-term trending database shd
tained separately from the installed moniton
This archive shall be easily,available as j
monitor for long-term changes in pumpset
to provide an archive ©fypast pumpset pro
to provide for statistical’and other specializg

8.4.5 At an interval to ensure no data |
usefulness of-the long-term trending databal
the histori€al files from the monitoring sy
long-term trending and archiving database.

8.4.6° Record the following process data wi
steady-state conditions if possible) of the collg
pumpset condition data:

(a) date/time of monitoring

(b) number of pumpset alarms in period

(c) number of system events in period

(d) power level

(e) system temperature

(f) system pressure

(g) days online

(h) pumpset flow if flow may vary

(i) pumpset speed if speed may vary

8.4.7 Ifthe station has a computerized vibr
toring program using portable data collector
each channel shall be taken with that system fd
trending and offline analysis.

8.4.8 Obtain a long-term storage media
alarm list since the last time this proc
performed.

imended.

11 be main-
ing system.
equired to
condition,
blems, and
bd analysis.

bss and the
se, transfer
tem to the

thin 1 hr (at
ction of the

ation moni-
£, data from
rlong-term

copy of the
bdure was

8.5 Preoutage Coastdown

(b) Provide long-term trend data offline from the moni-
toring system.

(c) Ensure that a qualified person periodically reviews
the pumpset condition.

8.4.2 Periodic monitoring is required at least every 2
weeks. If vibration, thrust position, or bearing tempera-
ture are unusual, over the alarm value, or a significant
trend is seen, perform an evaluation in accordance
with para. 8.6 and perform monitoring in accordance
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8.5.1 Before each outage during the normal pumpset

coastdown, record the data as specified in p

ara. 6.5.4.

8.5.2 Examine data for any unusual patterns.

8.5.3 Determine coastdown time and compare to

normal.

8.5.4 Note orbit shape during coastdown for any

unusual patterns.
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8.6 Vibration Alarm Response

8.6.1 When the installed monitoring system alarmes,
the first response is usually by the Operators. The
initial actions to be taken shall include the following:

(a) false alarm discrimination (i.e., does the alarm
clear, is the circuit fault indication on, and was the
event related to a plant event such as a pumpset start?)

(b) severity evaluation

(c) determination if pumpset shall be shut down imme-

ASME OM-2020

9.1.3 The Level 2 alarm point for the shaft vibration
shall be 2.0 times the baseline value but not exceeding the
manufacturer’s recommended shutdown value.

9.1.4 The Level 1 alarm point for the casing velocity
shall be calculated as 1.5 times the baseline value but not
less than 0.1 in./sec (2.5 mm/s). The alarm shall not
exceed the manufacturer’s recommended alert value or
0.3 in./sec (7.5 mm/s) without review and justification.

9.1.5 The Level 2 alarm point for the casing velocity

dia';ely idlcati ¢ ] e for furth luati shall be calculated as 2.0 times the baseline value put not
(d) notifjcation of engineering for further evaluation less than 0.2 in./sec (5 mm/s). The alarm shall net{exceed

8.6.2 When notified of an alarm, engineering shall ~ the manufacturer’s recommended shutdown.valug or 0.6
make a fufther evaluation of the condition of the in./sec (15 mm/s) without review andtjustificatipn.
pumpset. Tllns_evah;atlon shalldlnclude t}}:e f01110w1(r11g: 9.1.6 The alarm points may be rounded down} to the

(a) corrglation of pulml:.)set. ata to other plant data nearest meter division for ease in setting.

(b) false|alarm discrimination

(c) revie of relevant data collected by the monitoring 9.2 Determining 1x and ‘2% Vector Acceptahce
system Regions

(d) check of the loose parts system for any corre-
sponding eyents 9.2.1 The alarm<values for vector acceptance fegions

(e) evalyation of the pumpset condition in accordance shall be based on.recent data collected before the Haseline
with sectiop 10; Part 14 may be used as a guide in this point as recorded in para. 8.3. At least 20 days of data are
evaluation preferred. Because the vector data tends to be noisier than

(f) determination if an enhanced monitoring program the overall amplitude data, a sample of data over several
in accordarjce with para. 8.7 should be implemented days is(required.

@) d‘?tel mination if alarm values should be changed 9:2.2 Thephase anglerange of the sample of datjp or the
per section|9 calculated acceptance region may cross the 36(-0 deg
8.7 Enharjced Monitoring of a Troubled Pumpset line. Provisions for. c0frect.ly calculating apd spgcifying

the acceptance region in this case must be implemented

If unusudl vibration or a trend in vibration, thrust posi- in the plant procedures.
thl’l,'OI‘ t.)e ring temperature 'S detected, an enha}nced 9.2.3 The maximum and minimum values frpm the
monitoring program shall be implemented ‘until the .

. . sample data shall be used for the calculations bglow.

problem is |corrected or the pumpset is shut\down. The

enhanced njonitoring program shall include,as applicable, 9.2.4 Acceptance regions shall be developed fijom the

additional ipstrumentation (tape recorders, oscilloscopes, maximum and minimum values.

spectrum apalyzers, etc.) and contitluous or intermittent max. + min. '

attendance py qualified analysispersonnel. The interval of Accept = | ———— | £ 1.5(max. — min.

the monitofing and data storage shall be based on the

severity, rgte of change., .and' the erSUlt of the analysis 9.2.5 Round the angle to a multiple of 15 deg|Round

and dlagn05t1c§ as specified in section 10. Part 1'4 may down for minimum and up for maximum. If the ghase is

be used as 3 guide inrdeveloping an enhanced monitoring undefined for any of the sample data, set the angles to 0

program. deg and 360 deg.

9 ALARMI|SETTINGS 9.2.6 Iflessthan 10 days of data were used, the phase
ACCEPHANCE TANEE Ay DeiIcreased by subtracting15 from

9.1 Determining Alarm Points for Overall
Vibration Amplitude

9.1.1 The alarm values for vibration amplitude shall be
based on the baseline values as recorded in para. 8.3.

9.1.2 The Level 1 alarm points for the shaft vibration
shall be 1.5 times the baseline value but not exceeding the
manufacturer’s recommended alarm value.
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the minimum phase and adding 15 to the maximum phase.

9.2.7 Roundtheamplitude acceptance limits down and
up to the nearest 0.1 mil (2.5 pm).

9.3 Determining Alarm Points for Thrust Position

9.3.1 Thrust position alarms shall be based on the
thrust bearing clearance. The preferred method is to
record the change in position as the rotor goes from
down thrust to up thrust. Installed measured clearance
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Table 5 Typical Thrust Position Alarm Setpoints for a
Pump With Normal Upthrust

Thrust Position
Zero + 15 mils (375 pm)
Zero + 10 mils (250 pm)

Thrust runner against the upper thrust pads

Alarm Level

Level 2 alarm, up
Level 1 alarm, up
Zero

Level 1 alarm, down Zero - the thrust clearance - 10 mils (250 pm)
Level 2 alarm, down Zero - the thrust clearance - 15 mils (375 pm)

DIVISION 2, Part 24

The intent of this Part is to list the types of data and the
methodology used to diagnose equipment condition. This
Part is not intended to take the place of established plant
procedures or to delineate certain analysis methods, but
rather to provide guidance where plant procedures do not
exist or could be improved.

10.2 Data Types

Data collected for analysis shall include the following:
(a) routine steady-state data (para 8.4)

may be
probe

9.3.2
as the
norma
during

9.3.3
ment g
rotor. |

9.3.4
initial 4
thrust
um) in
clearal
um) in|
pump Y

94 D
T

9.4.1 Bearing temperatures shall be set.in‘accordance
with thle manufacturer’s recommendationxIndustry prac-
tices or{plant experiences may also beconsidered in deter-
mining|alarm points.

used if the clearance as measured by the thrust
s not available.

Zero thrustasindicated on the monitor is defined
axial position of the rotor when the rotor is at
and stable conditions. This reading is taken
baseline measurements as described in para. 8.3.

The monitor shall be set so that upward move-
f the indication corresponds to upthrust of the
eference API 670, para. 3.5.5.5.

The four alarms are set based on change from the
hrust clearances. Level 1 alarm is when the normal
learance has increased by more than 10 mils (250
one direction. Level 2 alarm is when the thrust
ice has increased by more than 15 mils (375
one direction. Table 5 shows an example for a
vith normal upthrust.

ptermining Alarm Points for Bearing
mperature

9.5 Alarm Settings

9.5.3 Alarm settings may.be changed if the operation of
the purhpset has caused/a-change in the parameter and the
changel has been evaluated and deemed acceptable.

10 ANALYSIS-AND DIAGNOSTICS
10.1 Introduction

(b) data collected based on an alarm cond
8.6)

(c) data collected during transient condit
8.2 and 8.5)

ition (para.

ons (paras.

10.3 Analysis Methods

The data collected perpara. 10.2 shall be an4
the following methods;

(a) overall vibration (amplitude trends)

(b) vibration/orbit (form, precession, mag
trends)

(c) vibration spectra (harmonic content,
trends, ahd phase)

(d) ‘acteptance region deviations

(e)’1x and 2x vector analysis

(f) shaft position trends

(g) process data (deviations from normal v
plant conditions and trends)

(h) machine geometry

(i) maintenance history

(j) history of similar events on similar ma

lyzed using

nitude, and

amplitude,

lues versus

chines

10.4 Data Analysis

An analysis is the process of reviewing data
specified by this standard on a machine to| determine
equipment condition and diagnose equipment problems.
A typical analysis would include the following:

(a) comparing current vibration, process,|and equip-
ment parameters to baseline and determining any differ-
ences

(b) determining if any trends are present g
oping

(c) reviewing equipment history for sin
rences

collected as

I are devel-

ilar occur-

The accurate diagnosis of equipment condition is essen-
tial to maintaining operability, reducing plant down time,
and increasing productivity. Diagnostics based on the
analysis and interpretation of vibration data in conjunc-
tion with other equipment parameters such as flow,
temperature, and pressure indicate the earliest signs of
equipment degradation. Analysis and interpretation of
vibration data shall be performed by someone experi-
enced in vibration analysis techniques.
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{e—reviewing-the-equipmenthistory-oefdike machines
for similar occurrences

(e) determining significant symptoms (section 4)

(f) determining probable causes of the symptoms
(section 4, i.e., determining possible equipment faults,
process changes, or plant conditions that could
produce the observed responses)

(g) evaluating the probable condition of the pumpset
and assessing the severity
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11 ADDITIONAL TECHNOLOGIES

The technologies described here shall be used in
conjunction with vibration analysis to determine the
condition of pumpsets. While one technology alone
may convey some evidence of a malfunction condition,
the inter-relationships between all of these technologies
provides for a more complete and accurate diagnosis of
the condition of the pumpset.

11.1 Thermography

ASME OM-2020

11.3.3 See Nonmandatory Appendix D of this Part for
additional information.

11.4 Motor Electrical Monitoring and Testing

11.4.1 The motor electrical operating parameters
(current, voltage, winding temperatures, etc.) shall be
monitored in accordance with the manufacturer’s recom-
mendations, industry standards and practice, and plant
experience. The following parameters, as applicable,
shall activate an andible alarm in the control room and

11.1.1 Thermography shall be used at least before and
after each|refueling outage, to monitor switchgear,
breakers, ahd control relays providing electrical power
to the punjpset in accordance with ASTM E1934-99,
Guide for Examining Electrical and Mechanical Equipment
with Infrargd Thermography, para. 3.5.

11.1.2 Sge Nonmandatory Appendix B of this Part for
additional information.

11.2 Lube

11.2.1 Ppmpset lubricating oil shall be monitored for
wear debri$, lubricant cleanliness (foreign material such
as water and particulates), and oil chemistry in accor-
dance with [the applicable sections of ASTM D6224, Stan-
dard Practige for In-Service Monitoring of Lubricating Oil
for Auxilianfy Power Plant Equipment.

11.2.2 N
dance with
Table 1, T
pumpset bg

11.2.3 {
outage, in
while runn

11.2.4 Used oils shall be tested in.aé¢cordance with the
recommended test methods given\in ASTM D6224, Table
2, Turbine Type Oils (if other types of oil are in service, see
ASTM D6224). Used oil thatis.to be leftin service shall also
have an oxidation stability test as specified in ASTM
D6224, Talle 2, Turbine Type Oils.

Oil Analysis

ew oil shall be sampled and tested in accor-
the recommended tests given in ASTM D6224,
irbine Type Oils, before being put intocthe
arings.

sed oils shall be sampled at each refueling
accordance with ASTM D6224 preferably
ng or at least within 25 min"of*being tripped.

11.2.5 Sge Nommandatory Appendix C of this Part for
additional information.

shall be displayed:
(a) current
(b) phase balance
(c) winding temperature
(d) cooling water flow rate
(e) oil level
(f) winding cooler leakage

11.4.2 The motor shall be'tésted in accordance with the
applicable parts of NEMA MG 1 Motors and Gengrators,
para. 3.6.

11.5 Loose Parts Monitoring

11.5.1 The loose parts monitoring system shall be
installed>and operated in accordance with Pprt 12,
Loose \Part Monitoring in Water-Cooled Ractor
Nugctear Power Plants, para. 3.1.

11.5.2 The loose parts monitoring system shall be
checked for corresponding alarms whengver a
pumpset alarm is received.

11.5.3 The loose parts monitoring system channel,
which is closest to the pumpset downstream impalct loca-
tion, shall be monitored when starting a pumpsg¢t after
maintenance.

11.5.4 See Nonmandatory Appendix E of this Part for
additional information.

12 OTHER

12.1 Calibrations

rturer’s
ogram.

Calibrations shall be performed per the manufa
recommendations and the plant maintenance pr
Consideration of the performance of the sensqr (e.g.,

11.3 Motor Current Signature Analysis

11.3.1 Motor current signature analysis shall include
the measurement of the Np x slip frequency sidebands of
the line frequency component and the rotor bar and stator
slot passing frequencies.

11.3.2 Motor current signature analysis shall be
performed prior to each refueling outage and after
every outage where maintenance work is performed
on the pumpset.
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brascurrentand trend of 60~ Hz frequency component)
may be used in determining calibration requirements.

12.2 Quality

The instrumentation, computer systems, documenta-
tion, and data described in this standard are considered
nonnuclear safety as described in the plant’s QA plan.
Normal industry good practices shall be followed in cali-
bration, controlling, backing up, and storing documenta-
tion and data.

(20)
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Part 24, Nonmandatory Appendix B
Thermography

Thermogjraphy 1s the use of noncontact inirared tech- (%] short circuits
nology to neasure the surface temperature of equipment (5) mismatched or misinstalled componenty
and can be ysed to detect faults in machinery, which create Electrical system exceptions can be detected ar|d iden-

localized temperature changes. Thermography as a trend tified using absolute temperature criteria‘published in
tool can bd used for the early detection of developing ANS]I, IEEE, and NEMA published standards.

equipment problems and identification of possible (b) In mechanical systems, typical faults inclyide the
problem arpas once a fault has developed. following:
(a) In electrical systems, such faults include the (1) improper lubricatieh
following: (2) misalignment
(1) logse or corroded connections (3) worn compongiits
(2) ovgrloads (4) improper loading

(3) phpse imbalance
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Part 24, Nonmandatory Appendix C
Lube Oil Analysis

DIVISION 2, Part 24, Nonmandatory Appendix C

Monftoring of Tubricafing oll in a pumpset can help to

minimi
downs
covere
than fo
radioa
progra
tice fo
Auxili

e the high cost of oil changes and unplanned shut-
The cost of changing the oil in the pumpsets
d by this Standard may be significantly higher
- other applications, because the oil may be slightly
ctive. An effective lubricating oil monitoring
n, in accordance with ASTM D6224, Standard Prac-
' In-Service Monitoring of Lubricating Oil for
iry Power Plant Equipment, may be used to

perform oil changes based on test results rather than

on the
progr

basis of service time or calendar time. Such a
is also intended to guard against excessive

compoﬁ:ent wear, oil degradation, or contamination,

thereh

y minimizing the potential of catastrophic

machine problems that are more [iKely to_d
absence of such a monitoring program.

The analysis tests specified are for ejls)that
ered turbine type. This type of oilys ¢6mmg
pumps and motors. Service oilsithat are f
type shall have tests performed; as specifie
D6224, that are appropriate for their oil
synthetic oils, if used,shall be tested wit
test methods specified~for turbine-type oil

ccur in the

are consid-
nly used in
1ot turbine
d in ASTM
type. PAO
h the same
; however,

the oxidation stability test results may require vendor

interpretation.
New oil shall bé prefiltered in accordance w|
of ASTM D6224.

ith para.7.3
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Part 24, Nonmandatory Appendix D
Motor Current Signature Analysis

Motor cu
motor-driv
nose electri
an in-servi
motor cun
normal loa
the driven

Voltage s
phase of the
spectrum. B

Frent analysis Is a monitoring tool for induction
bn equipment that gives information to diag-
cal and mechanical conditions of the rotor. Itis
e analysis of the frequency spectrum of the
rent made with the motor operating at
d without interfering with the function of
machine or process.

gnals from a current transformer shunt in one
power supply are analyzed using a frequency
Rotor winding analysis is done by comparing

the amplitfides of the sideband components with the

amplitude g
amplitude
progresses.
are used to
bars.
Levels off
within the
passing freq
tudes in thg
sated for m

fthe line frequency component. The sideband
5 become larger as damage to the rotor
The amplitude and frequency of the sidebands
ssess the number and severity of broken rotor

static and dynamic eccentricity of the rotor
stator are determined from the rotor bar
uency and the running speed sideband ampli-
motor current signal. Data must be compens
achine load and process parameter changés.

WIth experience, an accurate determination of thq
tion of the rotor can be determined.
(a) Motor current analysis is probably the)mo4
tive on-line tool for detecting the following:
(1) cracked or broken rotor bars
(2) cracked motor end rings
(3) high resistance joints
(4) casting porosities orblew holes in alumin
cast rotors
(5) poor joint brazing in fabricated rotors
(6) rotor winding problems in slip-ring in
motors
(b) Motor curtent analysis can also detect man
motor mechanical problems such as the followin

condi-

t effec-

him die-

luction

y of the
o

(1) stationary or rotating air gap irregularities

(2)unbalanced magnetic pull

(3) mechanical unbalance

(4) bent shaft, thermal bow

(5) out-of-round stator or bearings

It is not the best detector of many of the above mpechan-

ical problems, but it provides support for motor vi
analysis.

bration
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Part 24, Nonmandatory Appendix E
Loose Parts Monitoring

Data[from the Toose parts monitoring system is helpful
for diagnosing the following conditions:

(a) missing parts of an impeller

(b) damage from aloose part going through a pumpset

(c) Jumpset internal loose parts or severe mechanical
loosengss

(dJ pumpset rubbing
(e) pumpset cavitation
(f) a pumpset vibration alarm caused by thermal
expansion during heat-up or cool-down
(g) pumpset flow-induced vibration
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Part 25
Performance Testing of Emergency Core Cooling Systems in
Light-Water Reactor Power Plants

Superseded by Part 28.
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Part 26
Determination of Reactor Coolant Temperature From Diverse
Measurements

DIVISION 2, Part 26

1 INTLODUCTION
1.1 Scppe

This| Part establishes the requirements to provide
adequate justification for determining the reactor
coolant temperature of pressurized water reactor
(PWR) [power plants by the use of diverse measurements.

This|Part establishes measurement methods, parame-
ters to pe measured and evaluated, accuracy criteria, and
records requirements so that reactor coolant temperature
sensor$ can be calibrated in situ.

1.2 Applicability

(a) This Part provides a method for deriving reactor
coolanft system (RCS) temperatures from measured
steam [generator (SG) pressure. The RCS temperature
is the|sum of SG saturation temperature and the
primafy-to-secondary differential temperature.”SG
saturation temperature is directly related to RCStempera-
ture through an overall heat transfer coefficient when
positivg, steady state, primary-to-secondary heat transfer
is in pfogress. This heat transfer cauSes a primary-to-
secondpry temperature differential;- which can be

(1) estimated by calculation

(2) forced to negligible values via specific plant con-
ditions

(3) established by direct measurement

(b) This Part may betised to determine reactor coolant
temperfature by the'use of SG pressures or temperatures.

(c) This Partshall only be used under saturated steam
conditipns. Rlants that use superheated SGs shall ensure
that th¢y afe-operating in a saturated condition when this
Part is|used.

1.3 Basic Methodology

The methodology of this Part is to\measure
sure, convert the pressure to d saturation tg
and then relate the steam<saturation temj
the isothermal temperature of the RCS. To
the isothermal temperature of the RCS, the
between the RCS temiperature and the SG
temperature (AT, ) shall be known.

The three basi¢ methodologies for determin|
as follows:

(a) heat transfer calculation or analysis

(b) S@isolation

(c)>direct measurement

2 DEFINITIONS

The following list of definitions is provided
uniform understanding of selected terms used

constant: associated parameters maintained
limits assumed in the uncertainty analysis.

isothermal condition: reactor coolant fluid in th
reactor vessel at essentially the same temp
constant (except for deviations due to op
loops with the reactor shut down).

no-load condition: steady state thermal loagd
point of adding nuclear heat.

reactor coolant system (RCS): for this Part, the |
of the major reactor coolant piping in the PW
the SG primary side and the reactor vessel.

SG: steam generator.

square root of the sum of the squares (SRSS):

the SG pres-
mperature,
erature to
determine
difference
saturation

ing AT, are

to ensure a
in this Part.

within the

eloopsand
erature and
brating the

below the
RCS consists

R, including

h method of

rnmhi‘ning uncertainties hy using the SRSS of

he random

(d) This Part shall only be used under no-load condi-
tions. It is best used under hot, no-load conditions where
the ratio of steam pressure to temperature is the highest.
At lower temperatures, there will be a corresponding
decrease in accuracy.

(e) This Part has no acceptance criteria or corrective
actions. It is used as a tool to determine RCS temperature.
Plant procedures for calibrating reactor coolant tempera-
ture sensors may use the results of this Part for acceptance
criteria requirements.

uncertainties.

steam tables (published by ASME): the 1997 Properties for
Industrial Use tables based on the IAPWS-IF97 formula-
tion are preferred, but any steam table approved by the
Owner and/or nuclear steam supply vendor is acceptable.

AT, temperature difference between the primary and
secondary sides of the SG.
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3 REFERENCES

The following is a list of publications referenced in and/
or related to this Part.

ISARP67.04, Part 1], Methodologies for the Determination
of Setpoints for Nuclear Safety Related Instrumentation
NRC Branch Technical Position HICB 13, Guidance on
Cross-Calibration of Protection System Resistance
Temperature Detectors (Revision 4), U.S. Nuclear Regu-
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(c) Testequipment,including permanently installed in-
strumentation, shall be selected based on the ability to
stay within the assumptions of the uncertainty analysis.
See Nonmandatory Appendix A of this Part for uncertainty
guidance.

4.3 Uncertainty Methodologies

Uncertainties related to data collection techniques,
current operating conditions, calculations, test equip-

latory Commission, June 1997 ment, and resnlts shall be documented. As a minimum,

Publisher: Superintendent of Documents, U.S. Govern- the following parameters shall be consideréd, for the
ment Printing Office (GPO), 732 N. Capitol Street, uncertainty analysis to ensure accuracy of thesrgsults.
NW, Waghington, DC 20401 (www.gpo.gov)

4 REQUIF1EMENTS
t

4.1 Plant|Conditions

Use of th
be establis}
tive of the
maintained
specified b}

Plant par]
RCS as clos
eters that cz
loops and/
evaluated.

To obtair] the maximum accuracy possible by the use of
this Part, the RCS temperature shall be at or near
maximum femperature for no-load condition. However,
this Part mjay be used at lower temperatures proyvided
it is taken Into account in the uncertainty analysis.

(a) The RCS temperature shall be held-Constant.

(b) Suffigient reactor coolant pumpssshall be in opera-
tion to establish isothermal conditions. [tis not necessary
for all reacfor coolant pumps to be in operation.

(c) SG pressure shall be maintained within the assump-
tions made|in the uncertainty\analysis.

(d) Feedwater and SG blewdown flow, if operating,
shall be held constant.'Operation of feedwater and SG
blowdown [systems/shall be evaluated because it influ-
ences the femperature difference across the SG tubes
and may hgve @amimpact on isothermal conditions.

(e) Steady ‘state isothermal conditions shall be main-

s Part entails that minimum plant conditions
ed to ensure that data taken are representa-
RCS temperature. These conditions shall be
| throughout the period of measurements
v this Part.

ameters shall be established to maintain the
b as possible to isothermal conditions. Param-
n affect temperature differences between RCS
r portions of RCS loops shall be identified and

4.3.1 Operating Conditions

to RCS
rature

(a) RCS Temperature. If a plant (s controlling
temperature, the plant-specific RCS tempe
control band shall be considered:

(b) Steam Pressure. If a plant is controlling to S
sure, the plant-specific pressure control band, as if]
to RCS temperature, shall be considered.

(c) Steam Pressure Differences. For conditions
SGs are not iselated and are connected to a ¢
header, steampressures shall be averaged and un
ties calculatedaccordingly. For SGs that are isolate
connected;to a common header, steam pressures
measured separately by SG and uncertainties cal
accordingly. SG pressure indications shall be comlined in
accordance with assumptions in the measurement uncer-
tainty analysis. Dynamic head losses in the steam lines are
negligible at no-load conditions.

(d) Decay Heat. If significant decay heat is pres
uncertainties associated with the decay heat s
considered.

(e) Net Heat Addition Parameters. Uncertainty
rameters associated with RCS heat additions and
shall be considered.

(f) SG Blowdown Flow. Uncertainty in the SG blo
flow measurement shall be considered.

(g) Feedwater Flow Measurement. Uncertainty
feedwater flow measurement shall be considere

G pres-
relates

where
mmon
ertain-
 or not
hall be
culated

ent, the
hall be

r of pa-
losses

ivdown

[ in the
i

4.3.2 Test Equipment Uncertainties

(a) Uncertainties based on instrument range anld accu-
racy shall be considered.

(b) Instrument uncertainties may be combined statis-

tained throughout the measurement.
(f) RCS shall be under a no-load condition.

4.2 Test Equipment

(a) Test equipment shall be calibrated in accordance
with the Owner’s test equipment program.

(b) Test equipment shall be designed for process and
environmental conditions including instrumentation
directly exposed to steam.
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tically using the SRSS of the random uncertainties and the
sum of the bias uncertainties.

(c) Several independent instruments may be used to
reduce the random errors associated with using the
SRSS method.

Nonmandatory Appendix A of this Part provides more
detailed guidance on instrument uncertainties.
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5 DEVELOP TEST PROCEDURES AND PERFORM
TESTING

Procedures shall provide a method for deriving RCS
temperatures from measured SG pressure. SG saturation
temperature is directly related to RCS temperature
through an overall heat transfer coefficient. The heat
transfer causes a primary-to-secondary temperature
differential. The RCS temperature is the sum of SG satura-
tion temperature and the primary-to-secondary differen-

DIVISION 2, Part 26

flowing through the SG tubes. This results in a very
small ATy, that can be expected to be negligible.
Equilibrium is reached when the heatloss of the isolated
SG equals the heat loss of primary coolant to the SG inven-
tory. A stable steam pressure of the isolated SG indicates
equilibrium. Although the heat addition of the primary
pump(s) is expected to be negligible, because the
primary pump(s) is switched off for the isolated
loop(s), there is no error introduced as a result of the
rise in temperature of the primary pump hydraulic effi-

tial te

LA D
TTature (81 ps)-

1Y
5.1 Elablish Primary-to-Secondary Side AT,

The
follow
betwed
temper

(a)
5.1.1)

(b) §

(c) d

5.1.1] Establish AT,,; by Means of Heat Transfer Calcu-
lation jor Analysis. The objective of this method is to
establi$h primary-to-secondary temperature differential
by usirlg a heat transfer calculation or analysis. The RCS
temperature can be directly related to SG saturation
tempetfature when heat is being removed from the RCS
by stegming. A single overall heat transfer coefficient
can be derived by a calculation or measurement analysis.
The cogfficient shall be representative for the condition as
defined in paras. 1.2(c) and 1.2(d) and take into account SG
feedwater flow, blowdown, level, pressure, SG tube plug-
ging/fquling, and primary system average'temperature.
Although the uncertainties in calculated heat transfer
coefficients may be relatively large the.absolute differen-
tial tempperature errors become small under no-load con-
ditions

Vari
availab
ficient,
steady
cient i
change
differe

5.1 ab : olation- Fe—-6
this method is to force AT, for one or more SGs as close to
zero as practically possible, eliminating the need for a heat
transfer calculation or analysis. Depending on the
required accuracy, AT, can be assumed to be zero.

The methodology requires the isolation of one or more
SGs and shutdown of the associated primary pump(s) of
the isolated SG. Once the SG is isolated and the primary
pump shutdown, the (colder) primary coolant will reverse
and the SG’s steady state inventory will reach, after some
time, a temperature very close to the primary coolant

test procedure shall use one or more of the
ng three methods to determine the difference
n the RCS temperature and the SG saturation
ature:

heat transfer calculation or analysis (see para.

G isolation (see para. 5.1.2)
irect measurement (see para. 5.1.3)

us industry computer programs for SG design are
le for estimating the.Hecessary heat transfer coef-
In determining‘the appropriate coefficient, the
state condition over which the calculated coeffi-

valid shall be established because significant
s in heat’transfer mode can take place under
it operating conditions.
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ciency and (part of the) primary pump’s hea
design configurations such as long or outside-s
and weather conditions may have ahimp
transfer in isolated SGs and shall be conside

This method only provides RES\temperatuy
the SG loops being isolated.

5.1.3 Establish AT, by:Direct Measure
method determines AT,¢'by direct measur
test to establish the primary-to-secondary
temperature shall ‘be performed once and s
at least one recently calibrated precision tem
strumentation‘device to minimize uncertainti
ditions at.which the test is performed shall bd
the AT,-is to be used for future reference.
fouling and tube plugging can affect the 2
ATy, for future use. Minimizing the heat loag
the error of AT, Consider setting blowdo
during the test and for future calibration
ATy, value.

5.2 Test Procedure Development

(a) Unless the direct measurement or the
methodology is used to determine SG AT, h
coefficients shall be calculated for use in test pij
is not required that the heat transfer coeffici
tions be part of the test procedure.

(b) Test procedures developed to perfor
shall include references to the methodolog
mining the temperature difference across th
as described in para. 5.1.

(c) Test procedures shall consider uncert
odologies for test equipment, data collection
current operating conditions, calculations, an

1 rise. Plant
feam piping
ict on heat
red.

e values for

ment. This
bment. The
differential
hall employ
berature in-
es. The con-
repeated if
Changes in
ccuracy of
minimizes
wn to zero
5 using the

G isolation
pat transfer
ocedures. It
ent calcula-

m this Part
y of deter-
e SG tubes,

hinty meth-
techniques,
H results, as

ments shall
the opera-

tional limits assumed in calculation or measurement of

heat transfer coefficients.
(e) Itshould be noted that, during the heati

ng of the SG

inventory, the steam pressure rises relatively easily as a
result of the natural circulation within the SG. However, if
the primary coolant temperature drops, the SG pressure
response will be extremely slow due to the natural circu-
lation in the SG inventory practically stopping. The
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procedure shall make provisions to invalidate the test if
RCS temperature is not held steady (or on a slight incline).

5.3 Perform Test

(a) Initial Test Conditions. Establish initial plant con-
ditions identified in para. 4.1.

(b) Steam Pressure. Steam pressure measurements
shall be obtained in a manner consistent with the uncer-
tainty analyses described in para. 4.3.

(c) Sati

ration Temperature Determine saturation
1

ASME OM-2020

(d) Final RCS Temperature. Apply SG AT, determined
in para. 5.1 to saturation temperature to obtain final RCS
temperature.

(e) If using this Part for in situ calibration of reactor
coolant temperature sensor resistance temperature
detectors (RTDs), compare the final RCS temperature
to RTD measurement results. Determine if results are
consistent with plant uncertainty calculations.

6 DOCUMENTATION

e at the surface of the SG from steam pressure
ntusing ASME or other approved steam tables.
m head corrections are considered.

temperatur
measuremg
Ensure sted

fitions,
ce with

The basis for establishing SG AT, plant test-coh
and uncertainties shall be documented in ac¢ordan
the Owner’s quality assurance program.
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Part 26, Nonmandatory Appendix A
Measurement Equipment Uncertainties

DIVISION 2, Part 26, Nonmandatory Appendix A

easurement uncertainties are usually specitied as
tage of calibrated instrument range. The accuracy
easurement can be improved by selecting instru-
ion that is calibrated to a range close to the
expectpd reading. Ensure that the instrumentation is
not over-ranged during the test. Uncertainties may be
combirled statistically using the SRSS of the random uncer-
taintied and the sum of the bias uncertainties. Refer to ISA
RP67.014 for combining uncertainties. The methodology
used fqr combining uncertainties shall provide a confi-
dence Jevel of at least 95% or 20.

Sevdral independent instruments may be used to
reducefthe random errors associated with the instruments
using the SRSS method. If numerous readings are taken
due to dlata scatter, the mean should be calculated using at
least 3P data points.

As ajminimum, the following measurement equipment
uncertjinties shall be considered. These uncertainties
may belincluded in the instrument uncertainty calculation,
or the ipstrument reading may be corrected to remove'the
uncertginty (i.e., static water head pressure and lihé-pres-
sure cofrrections are usually included in the calibration of
plant ifstrumentation).

(a) Measurement and Test Equipmenty(M' & TE) Accu-
racy. The accuracy of M & TE used te-m€asure plant pa-
rameters or to calibrate permanent plant
instrumentation.

(b) |Reference Accuracy. Including conformity (line-
arity), hysteresis, deadband, and repeatability.

(c] Power Supply Voltage and Frequency H
Electronic instrumentation is affected bywvaris
power supply voltage and frequency~The m
usually provides this effect.

(d) Temperature Effect. The difference in {
temperature between theslast calibrati
temperature at the time ofitméasurement ca
a significant effect on the instrument.

(e) Static Pressure ‘Effect. Changes in the o
strumentation dueto.changes in the process
pressure. Static{pressure effect due to changes
pressure car\be caused by the use of a gag
instrument'in a building that is not at atmosj
sure. Thevinstrument manufacturer usuall
process pressure uncertainty effect.

(f)~ Humidity Changes. The effect of cha
ambient humidity on the instrument accura

(9) Analog-to-Digital (A-D) Conversion,
Analog (D-A) Conversion, and Digital Signal
This introduces an uncertainty that varie
conversion method and the number of bits
conversion.

(h) Instrument Drift. The change in t
between the last calibration and the measur

(i) Readability. The readability of analog
shall be considered in the uncertainty a
analog indicator can be read to half of th
scale division.

luctuations.
tions in the
anufacturer

he ambient
n and the
h introduce

utput of in-
or ambient
in ambient
e pressure
heric pres-
y provides

hges in the
y.

Digital-to-
Processing.
s with the
used in the

he reading
ement.

indications
halysis. An
e smallest
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Part 28
Standard for Performance Testing of Systems in Water-Cooled
Reactor Nuclear Power Plants

1 INTRODUCTION

1.1 Scope

This Parf establishes the requirements for preservice
and inservife testing to assess the operational readiness
of certain spfety-related systems and systems important
to safety uped in water-cooled reactor nuclear power
plants.

The systdms covered are those required to perform or
support a specific function in shutting down a reactor to
the safe shutdown condition, in maintaining the safe shut-
down cond|tion, or in mitigating the consequences of an
accident.

This Par{ establishes test methods, test intervals, pa-
rameters tp be measured and evaluated, acceptance
criteria, cofrective actions, and records requirements
for assessin)g integrated system performance.

1.2 Exclusions

1.2.1 Usk of this Part for a chosen system or systems
within the[Scope does not mandate application to all
systems within the Scope.

1.2.2 This Part does not address(nonsystem-level
testing of gomponents, instrumentation, and controls.
Implementation of the applicable Codes and Standards
that defineq such testing is assumed. Verifying test accep-
tance critdria in accordance*with this Part does not
provide reljef from meeting more limiting criteria asso-
ciated with|such codes:and standards.

1.3 Owner’s Responsibilities

1.3.1 I[d¢ntify the system(s) to be tested in accordance

(b) identify performance requirements_fron ligensing
and design basis documentation (see para.4.2)
(c) identify testable characteristics that represent
performance requirements (see para.4.3)
(d) establish test acceptanceyctiteria for each fharac-
teristic (see para. 4.4)
(e) develop test procedures that include test|accep-
tance criteria and test fréquencies, and perform re¢quired
testing, inspections,/and engineering analysis (sde para.
4.5)
(f) evaluate test data and implement corrective action
as appropriate(see section 6)
(g) documiéntand retainatestplanand testresylts (see
section~7)

1:3.3 Use specific system test program requirgments
identified in section 5, as applicable.

1.3.4 Apply the appropriate quality assurance require-
ments to this program.

1.3.5 Review industry operating experienc¢ as an
input to the development of this program (see N¢nman-
datory Appendix A of this Part).

1.3.6 Develop the test program within the bopinds of
the plant’s design basis; do not violate the plant’y design
basis as a result of testing under this Part. Consider the
required test conditions and the potential consequénces of
the testing when developing the test program. Develop the
test program to minimize the impact to plant risk while the
test is being performed. Define contingency actions, as
appropriate, to manage plant risk during testing] Exam-
ples include increased oversight, use of dedicated plant
operators, and termination criteria. If a specific test
within the program would be impractical, caus¢ detri-

with this Part. The identified systems could include any
systems requiring a performance testing program based
on the Owner’s evaluation of regulatory issues or other
Owner considerations.

1.3.2 Establish a test program for each system identi-
fied per para. 1.3.1 with the following elements:

(a) establish the boundaries for each system or portion
of system subject to the requirements of this Part (see
para. 4.1)

mental interactions, or conflict with the design basis, engi-
neering evaluation or analysis is allowed in lieu of the
specific test. Refer to para. 4.5 for additional guidance.

2 DEFINITIONS

acceptance criteria: specified limits placed on character-
istics of an item, process, or service defined in codes, stan-
dards, or other required documents.

accuracy: the closeness of agreement between a measured
value and the true value.
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actuation levels: a response to defined plant conditions
that will control or actuate a desired set of components.

auxiliary feedwater system (AFWS): a system that provides
inventory to the steam generators (PWR) or reactor
(BWR) for heat removal when normal feedwater is
unavailable.

characteristic: a variable or attribute that can be verified
by direct measurement or data reduction.

closed cooling water system (CCWS): a closed intermediate

DIVISION 2, Part 28

system: an assembly of components whose functions and
limitations are defined in design or system specification

documents.

3 REFERENCES

(a) ASME OM-S/G-2000, Part 21, Inservice Testing of
Heat Exchangers; Publisher: The American Society of
Mechanical Engineers (ASME), Two Park Avenue, New

York, NY 10016-5990 (www.asme.org)

heat tfansfer system between supported structures,
systemp, and components and the ultimate heat sink.

compor
produg
reporti

ent: an item such as a vessel, pump, valve, piping
t, or core support as an entity for purposes of
hg or analyzing.

design
tions t
nent of]
chosen|
design,

bases: information that identifies the specific func-

be performed by a structure, system, or compo-
a facility, and the specific values or ranges of values
for controlling parameters as reference bounds for

emergdncy core cooling system (ECCS): an automatic or
manudl safety system credited in the plant 10 CFR
50.46 (Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Nuclear Power Reactors)
analysils, or equivalent analysis, for injecting coolant to
the reqctor core or removing heat directly from the
core cqolant.

engine
systeni
requirg
tion ley

bred safety features actuation system (ESFAS): a

that responds to input parameters to actuate
d components in accordance with specified;actua-
rels.

least mprgin condition: the operating mode for the system
where the characteristic being tested is-Closest to the oper-
ating limit.

mainte
similar
tion an
modifid
ture, o

nance: replacement of parts, adjustments, and
actions that do not change the design (configura-
d material) of an item.

ation: alteratioih the design of a system, struc-
components

open ¢

system|
nents d

boling wdter system: an open loop heat transfer
fromesupported structures, systems, and compo-
irectly*to the ultimate heat sink.

preser

ice test: a test pnrfnrmnﬂ after r‘nmp]ﬂfinh of

(b) ASME-Steant Tablca, Sthr Editiuu, Purh
American Society of Mechanical Enginee
Two Park Avenue, New York, NY 100165599
(www.asme.org)

(c) Flow Measurement Engineéring Handh
R. W. 2nd Edition. New York:s McGraw-
Publisher: McGraw-Hill Professional, Two
New York, NY 10121

4 GENERAL TESTING REQUIREMENTS

This section-provides generic direction for
elements of the test program outlined in pa
applicable, specific system testing requir
defined\in section 5.

4.1 Establish System Test Boundaries

For system(s) identified per para. 1.3.1, e

lisher: The
s (ASME),
0

ook. Miller,
Hill, 1989;
Penn Plaza,

he first five
ra. 1.3.2. As
tments are

stablish the

boundaries for system testing. Include within the test

boundaries the portions of the system(s) th
the functions described in para. 1.1. Append
Part contain descriptions of test boundaries|
systems.

Testing of support systems for the system(.
above, such as those providing electrical s
rejection, chemical addition, engineered safé
actuation system (ESFAS) logic, or emer
cooling system (ECCS) actuation logic, is nof
scope of this Part.

Consider the interaction of nonessential g
that may affect system operation by isolati
or additional heat loads when establishi
boundary. In some cases, the system test
may include nonessential portions of the
supporting systems that cannot be isolated

at perform
ices to this
for certain

) identified
upply, heat
ty features
bency core
within the

omponents
n, leakage,
hg the test
boundaries
system or
Testing of

nonessential portions of the system is only

required to

construction activities related to the component and
before first electrical generation by nuclear heat, or in
an operating plant, before the component is initially
placed in service.

response time: time elapsed from when the process
exceeds a setpoint until the component achieves the
required response.

support system: any system that is necessary for the tested
system to perform the intended function.
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the extent of verifying that there is no adverse impact
on the performance of those portions of the system

within the scope of this Part.

4.2 Identify System Performance Requirements

Identify performance requirements for the

portions of

the system within the established test boundaries. Input
parameters derived from safety analyses and design basis
documentation define the performance requirements.
Examples include required heat removal rates, required
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flow rates and distribution, system fluid temperature, and
time to reach full flow after system actuation.

Identify performance requirements in a manner consis-
tent with the plant licensing and design bases, including
relevant licensing commitments that limit, modify, or
clarify system operating requirements. Use source infor-
mation that defines system performance requirements.
Source information may include

(a) nuclear steam supply system design specifications

(b) architect-engineer specifications

ASME OM-2020

nents within a defined time interval after an initiating
event.

4.3.2 Instrumentation and Control (I8&C) Characteris-
tics. Include instrumentation and control characteristics
that affect system-level performance as system character-
istics. These include indication and control of system pa-
rameters such as flow, pressure, level, temperature, and
component status.

4.3.3 System Logic Characteristics. Include system

(c) safety analysis report (SAR)/updated safety logic characteristics as system characteristics, Pystem
analysis reptort (USAR) logic is any permissive or interlock that actuptes or
(d) safety evaluation report/supplemental safety aligns system components. System logic does not
evaluation feports include ESFAS or ECCS actuation logic."Examples of
(e) techifical specifications system logic are
(f) desigh basis documentation (a) logic intended to start standby pumps on flow or
(g) vendpr correspondence pressure demand
When direct testing of each of the performance require- (b) logic for system realighment to accident mogle from
ments is nof practical, develop testable system character- any nonsafety or secondany operating mode
isticsinaccgrdance with para. 4.3 that can be used to verify (c) logic for heat exchanger bypass or tempgrature
performande requirements. control
4.3 Identify Testable Characteristics 4.4 Establish*Acceptance Criteria
(a) ldentify testable characteristics that can be used to Establishtacceptance criteria for each of the gystem
confirm sydtem performance requirements are met. Use characteFistics derived in accordance with pafa. 4.3.
source information that defines system characteristics. Each ‘system characteristic has analysis limits that are
Source infprmation, in addition to that identified in foufid in the plant design or licensing basis documejntation
para. 4.2, includes and other source information described in paras. .2 and
(1) defign calculations 4.3. Develop test acceptance criteria from these linits that
(2) system descriptions account for
(3) pldnt system specific drawings (a) differences between analysis and test considering
(4) pre¢operational tests system configuration and boundary or process fljid con-
(5) depign change documentation ditions. Since system testing under accident conditions
(b) Systgm characteristics are variables<or attributes may be impractical, acceptance criteria mustbe developed
that can be yerified by direct measurement or data reduc- by correlating accident analysis limits to practical test con-
tion. The sylstem characteristics include'component char- ditions. For example, the heat load from initiating events
acteristics, [instrumentation and centrol characteristics, may not be achievable during test conditions.
and logic characteristics that impaet'system-level perfor- (b) test instrument loop accuracy. Accomplish|this by
mance. System characteristics.dssociated with typical adjusting either the measured data or the analysig limits.
system opejration are Refer to Nonmandatory Appendix B, section B-4{ of this
(1) system and branch line flows for each system Part for an example of this adjustment procgss for
alignment pump TDH versus flow. Refer to Nonmandatory Agpendix
(2) total heat'rejection capacity C of this Part for guidance on test instrument accurgcy. Use
(3) systenieperating temperatures instruments that provide sufficient accuracy to |ensure
(4) maintaining system operation during system that the minimum design performance requirements of
transients the system are being met, assuming maximum Instrument

(5) operation in response to actuation signals with
and without offsite power
The values of some system characteristics cannot be
directly measured but can be calculated. Examples are
pump total dynamic head and heat removal rate.

4.3.1 Component Characteristics. Include component
characteristics that affect system-level performance as
system characteristics. An example is pump performance
required to deliver design flow to the supported compo-
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error.

Review and revise as necessary all applicable accep-
tance criteria prior to the performance of each system
functional test to ensure that changes in performance re-
quirements caused by repairs or modifications are taken
into account.
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4.5 Develop Test Procedures and Perform Testing,
Inspections, and Engineering Analysis

(a) Develop and approve test procedures to verify that
acceptance criteria derived in accordance with para. 4.4
are met. Participation by organizations responsible for
maintaining the design basis is required in developing
test acceptance criteria and procedures. Use available
operating experience (OE) information. Industry and
government agency experience reports and databases

DIVISION 2, Part 28

is in continuous operation throughout the full range of
reactor operation, performance adequacy can be deter-
mined by monitoring of the system instrumentation.
Normal periodic data logging by various means provides
trend data for evaluation of heat exchanger fouling, pump

wear characteristics, or flow rate changes.

Engineering evaluations may be performed ifintegrated
testing is not practical. Consider the required test condi-
tions and the potential consequences of the testing in the

evaluation of practicality. Use testing rather t

han evalua-

give a
testing
a sumij
Cons
intera
when
impact
risk mg
mance
gency g
testing
differe
with m
Incly
data c
Variou
manua|
and m

rditiomatimsightsimtosystenr operation amd
Nonmandatory Appendix A of this Part provides
hary of pertinent industry information.
ider the required test conditions, detrimental
tions, and potential consequences of testing
eveloping the test procedure. Evaluate the risk
of testing, in accordance with existing plant
nagement programs, and schedule the test perfor-
fo minimize the impact to plant risk. Define contin-
ctions, as appropriate, to manage plant risk during
Portions of the system test may be performed at
1t plant operating modes in a manner consistent
anaging plant risk.
de specific requirements in the test procedure for
llection that support the acceptance criteria.
5 means of data collection can be used, such as
log, automatic data logger, or plant computer
st consider the need for historical retention to
suppoift data trending. Where appropriate, record as:
found kondition of tested parameters and documéent
any reperformance of testing.

(b) This Part does not require simultaneous:testing of
all systtm components, subsystems, and support systems.
A logical combination of several separate, tests is accept-
able; hpwever, integrate the testing where practical. For
example, the thermal and hydraulic:performance of heat
exchangers can be determined under different conditions
and combined by evaluation/to,demonstrate acceptable
system performance. IfSéparate tests are used to
collect|data for specificscharacteristics, analyze the test
results| to correlate with results that would have been
obtaingd under simultaneous testing.

Ensure all interfaces are properly tested and verified.
Operatjon ofthe.Supported (firstline) systems may not be
necessary.“Credit for other testing, such as component
testing|performed under guidance from other standards,

tion wherever possible.

(d) This Part does not address nonsystem-
of components, instrumentation, and gentrols
tation of the applicable codes and standards
such testing is assumed. Verifyingtest accepta
in accordance with this Part,doesnot providg
meeting more limiting criteriaxassociated with
and standards.

evel testing
Implemen-
that defines
nce criteria
relief from
such codes

(e) If tests are performed at conditions different from

those assumed in the calibration process for
ments, recalibrate the instruments for the tesf
use alternatetinstruments, or adjust the data
sate for thistdifference.

4.5.1 Preservice Testing. Develop and con
measure system performance. The test results
determine that the system, component, [&
characteristics meet the associated acceptay
The following subparagraphs provide requi
preservice testing of some of the system chg
described in para. 4.3:

(a) Conduct preservice testing under each
ditions defined in the test plan to confirm t
performance capability.

(b) Results of system startup tests may
satisfy the preservice testing requirements
provided all other related requirements
are met.

4.5.1.1 Preservice Test Prerequisites. Ide

the instru-
conditions,
to compen-

Huct tests to
are used to
[, and logic
ice criteria.
ements for
racteristics

set of con-
he system’s

be used to

of this Part
f this Part

ntify prere-

quisites to preservice testing to ensure that the system is

functional. Perform prerequisites in any order
component and logic testing sufficiently to v
installation. Perform the following prereqd
minimum:

(a) electrical systems have been tested

and overlap
rify proper
isites, as a

, including

protectivve_devices
T

can be used to demonstrate proper system performance.
Perform testing at plant conditions as close as practical to
those expected during system operation. Identify test con-
ditions that are different from conditions with least
margin (e.g., temperature and pressure) when testing
at least margin conditions is not practical or could poten-
tially damage equipment. Perform analysis to account for
differences between least margin and test conditions.
(c) Data from plant transients or inadvertent system
actuations may be used if necessary analyses and
supporting documentation are available. If the system
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(b) logic has been verified to function properly without

actual starting of major components

(c) control, alarm, and indication instrumentation

loops have been calibrated
(d) system flushing or blowdown has veri
cleanliness

fied system

(e) temporary construction components, such as
strainers, jumpers, etc. have been removed or have
been evaluated as required to support testing

(f) required pipe supports have been installed
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(g) system and components have been installed, filled,
and vented per design requirements

(h) system leak or pressure tests have been completed
satisfactorily

(i) valves stroke when operated by control switches

(j) pump or compressor and motor checkouts have
been completed per vendor recommendations, including
proper rotation checks

(k) valve lineups are complete and will ensure that
pump minimum flow and runout are met and any flow

ASME OM-2020

(h) Verify thatsystem response during postulated tran-
sients, including loss of offsite power, is adequate to
ensure that system operation is not compromised,
including

(1) the system realigns without loss of function due,
for example, to voiding, water hammer, or draining of a
surge tank

(2) stroke times of boundary valves are within
design requirements

(i) Verify operation of bypass temperature or pressure

limits on h¢at exchangers will not be exceeded control systems, including surge tank pressure fontrol
g y g surg p

(1) requifed chemical control has been established systems, where provided.

(m) reqyired support systems are available to support (j) Check hot side to cold side pressure-differential for
system testling heat exchangers to ensure pressure differential i within

(n) relidf valves have been bench-tested to verify the design limit and in the appropriate ‘direction|
setpoints (k) Verify proper operation ef mranually conftrolled

. components.

4.5.1.2| Preservice Performance Test. Develop and poner ) .
conduct tegts that address the following requirements () Verify system leakage, ingluding pressure boundary
as applical; e, for each operating mode: ’ and isolation valves, is within design assumptions.

(@) Durimg’pump or compressor opera.1ti0n monitor the (m) Verify proper heat exchanger performancg using
. . . ’ o methods described<4n Reference 3(a).
system for unacceptable noise, vibration, or cavitation. (n) Test pump‘discharge flow g&l overall redistance
(b) Verify thatpipe and componentsupports are within and balance?d blr‘)anch lineg resistal:r)lce for all flow paths
allowable limits at normal system operating temperature. - . paths.
(c) Test [integrated system operation in conjunction Establish system flows high enough to allow detg¢rmina-
. . . tion of flow path resistance. Refer to Nonmandatory
with other [systems that could interact with the system . . .

. o . Appendix B, sections B-5 through B-7 for guidance.
during accjdent conditions. For example, branch line . .
flows that pre not isolated need to be considered for (), Test the system characteristic of pump opgration.
flow diverston and heat load addition Fov systems with multiple operating points, verify pump

' total dynamic head versus flow, using a five pqgint (or
(d) Test[for adequate NPSH and acceptable pressure reater) test, distributed between minimum and
drop in suftion lines and valves from the sources_to ?naximum ex' ected flow rate. For svstems with a
the pump duction under maximum flow conditions, P . : Y
() Verif} automatic start of standby pumps and proper narrow operating point range, select a suitable number
N of pump test points. Note that testing in accojrdance
automatic dlignment of valves and standby heat exchan- _pump p g .
. . . with component-level pump codes might not] verify
gers under|a simulated emergency actuationisignal. . o . . .
(f) Verify that a single or multiple pump trips in a this system characteristic due to differences in [testing
system utilizing pumps operating in parallel will not method and acceptance criteria. Refer to Nonmandatory
. . . . Appendix B, section B-4 for further guidance.
result in ap electrical overload trip’ of the operating . N
pump,/motbr, runout conditions-oh a pump, or NPSH (p) Test pump minimum flow under both individual
problems f r’the remaining puip(s) ’ and combined pump operation. Verify that pumps
. sharing a common discharge or minimum flow path do
(g) For the set throttle{valve positions or restriction . - -
orifice sizbs verifv tHabho pumb combination will not have operating characteristics sufficiently different
result in ’ y pump to cause a pump to run outside the acceptable operating
. . range.

(1) ingdequateor excess flow conditions to each &

branch line| or Serviced component 4.5.1.3 Preservice Test Interval. Perform preservice
2) pump’flow less than minimum required flow tests prior to plant fuel load. Evaluate the acceptability of
pump q p P P y

Repositioning throttle valves or resizing flow orifices
could significantly affect the flow balance or previous
test results. Reperform the applicable flow testing
when such modifications have been made. Perform
final system flow balancing with available or simulated
heat loads. Heat loads not available during this test
should be estimated and allowed for in the system
flow balancing.
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the interval between completion of each of the prerequi-
site tests described in para. 4.5.1.1 and the related perfor-
mance testing of para. 4.5.1.2. Evaluate the acceptability of
the interval between completion of any preservice testand
the time when a system has been declared in service and
governed by inservice test interval.

Portions of the preservice testing may be deferred if
required conditions for testing cannot be met until
after plant fuel load. Base the deferral of the testing on
engineering evaluation to determine the impact on
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plant safety. Perform deferred testing as soon as practical
after the required plant conditions have been met.

4.5.2 Inservice Testing. Develop and conduct tests to
measure system performance. The test results are used to
determine that the system, component, I&C, and logic
characteristics meet the associated acceptance criteria.
The following subparagraphs provide requirements for
inservice testing of some of the system characteristics
described in para. 4.3:

DIVISION 2, Part 28

when such modifications have been made. Perform
final system flow balancing with available or simulated
heat loads. Heat loads not available during this test
should be estimated and allowed for in the system

flow balancing.

(h) Verify thatsystem response during postulated tran-
sients, including loss of offsite power, is adequate to
ensure that system operation is not compromised,

including

(1) the system realigns without loss of function due,

(@)
tions (i?fined in the test plan to confirm the system’s
performance capability.

(b) Procedures or test programs established for other
purpogdes (e.g., inservice testing, surveillance testing,
maintepance rule) may be used to satisfy testing require-
ments ¢f this Part to the extent that they meet the require-
ments pf this Part.

(c) Testing of individual components or groups of
compohents or measurement of individual parameters
may be¢ performed at different times, provided overall
systen] performance is not affected by separation of
the individual tests and provided that all required tests
are petfformed within the specified test frequency.

4.5%.2.1 Inservice Performance Test. Develop and

condudt tests that address the following requirements,
as applicable, for each operating mode:

(a) During pump or compressor operation, monitor the
system| for unacceptable noise, vibration, or cavitation:

(b) Verify that pipe and component supports are within
allowable limits at normal system operating température.

(c) Test integrated system operation in conjunction
with other systems that could interact with-the system
duringlaccident conditions. For example, ‘branch line
flows that are not isolated need to be-considered for
flow diversion and heat load addition:
est for adequate NPSH @nd acceptable pressure
suction lines and valves from the sources to

Conductinservice testing under each set of condi
o

erify that a single or multiple pump trips in a
utilizing pumps operating in parallel will not

g

pump
problems for the remaining pump(s).
(g) For the set throttle valve positions or restriction
orifice sizes, verify that no pump combination will
result in
(1) inadequate or excess flow conditions to each
branch line or serviced component
(2) pump flow less than minimum required flow
Repositioning throttle valves or resizing flow orifices
could significantly affect the flow balance or previous
test results. Re-perform the applicable flow testing
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for example, to voiding, water hammer or.d
surge tank

(2) stroke times of boundarysvalves
design requirements

(i) Verify operation of bypassteniperature
control systems, including surge” tank press
systems, where provided,

(j) Check hot side to ¢old side pressure dif
heat exchangers to enstire pressure different
the design limit and in the appropriate dire

(k) Verify pfoper operation of manually
components.

() Verifysystem leakage, including pressui
and iselation valves, is within design assum

(m) Verify proper heat exchanger perforn
methods described in Reference 3(a).

(n) Test pump discharge flow path overal
and balanced branch line resistance for all
Establish system flows high enough to allow
tion of flow path resistance. Refer to No
Appendix B, sections B-5 through B-7 for g

(o) Test the system characteristic of pumy
For systems with multiple operating points, ¥
total dynamic head versus flow, using a fiv
greater) test, distributed between min|
maximum expected flow rate. For systd
narrow operating point range, select a suita
of pump test points. Note that testing in
with component-level pump codes might
this system characteristic due to difference

raining of a
are within

or pressure
ure control

ferential for
al is within
tion.
controlled

e boundary
ptions.
lance using

| resistance
flow paths.
determina-
andatory
idance.
operation.
rerify pump
e point (or
imum and
ms with a
ble number
hccordance
not verify
S5 in testing

method and acceptance criteria. Refer to Nopmandatory

Appendix B, section B-4 for further guidanceg.

(p) Test pump minimum flow under both individual

and combined pump operation. Verify t

to cause a pump to run outside its acceptabl
range.

4.5.2.2 Inservice Test Interval

hat pumps
pw path do

e operating

(a) Establish a 5-yr £25% initial test interval for the
inservice testing described in para. 4.5.2. After each
test, establish the subsequent test interval based on
evaluation of the test results, including trending,
performed in accordance with section 6. If the test interval
is extended, the maximum allowable interval is 10 yr.
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Determine subsequent intervals for testing in accordance
with this Part based on evaluation of the test results and
other plant and industry information, such as equipment
history records, test results, safety significance, and risk
assessments. Include results of each evaluation in the test
records.

(b) Test heat exchanger heat removal capability at the
interval described in Reference 3(a).

(c) Perform the applicable portions of para. 4.5.2 prior
to returning the system to service following replacement,

ASME OM-2020

5.5 Instrument Air Systems

Refer to Mandatory Appendix VI of this Part for specific
direction and information regarding testing of instrument
air systems.

6 EVALUATE TEST DATA

6.1 Compare Data to Acceptance Criteria

Evaluate the test data against the acceptance criteria

repair, maiptenance, or modification to system compo-
nents or systems that could affect the ability to meet
system perfformance requirements identified per para.
4.2. Examples of such changes include

(1) replacing valve or valve internals

(2) changing valve throttled position, including limit
switch stop] settings

(3) regizing system restriction orifices

(4) replacing or trimming the pump rotating element

(5) changing system logic

(6) changing the system flow path

(7) hept exchanger tube plugging

(d) Cred]t may be taken for testing performed in accor-

dance with pther test programs meeting the requirements
of this Part

5 SPECIFIC TESTING REQUIREMENTS

Use the
sections 1
Then, refer
mentation

nformation in this section to supplement
hrough 4 for the following specific systems,
to sections 6 and 7 for evaluation and docu-
requirements.

5.1 Emergency Core Cooling Systems

Refer to
direction arj
gency core

Refer to |
direction arj
gency core

Mandatory Appendix I of this Part for specific
dinformation regarding testing of BWR emer-
cooling systems.
Mandatory Appendix II of this Part for specific
d information regarding testing of PWR emer-
cooling systems:

5.2 Auxiliary or Emergency Feedwater Systems

Refer to |
direction a
feedwater §

landatorywAppendix 11 of this Part for specific
nd information regarding testing of auxiliary
ystems.

established in accordance with para. 4.4. If test|results
fail to meet acceptance criteria, take correctiyel action
in accordance with either of the following:

(a) Perform appropriate corrective.actions |on the
nonconforming component or system,followed by retest.

(b) Perform evaluations to disposition the dffected
components or nonconforming\systems portion,| Refine
the analysis on which the aeceptance criteria ar¢ based
such that the measured datameets the revised acc¢ptance
criteria and corresponding revision of the design) design
basis, and licensing basis. Establish the revised acc¢ptance
criteria with sufficient margin to ensure accgptable
performance until the next system test.

6.2 Trend Test Data

Compare as-found test data to corresponding p
lefttest data to identify significant trends in perfor
Trends can be degradation, step changes, or ang
test results. If analysis results identify adverse
investigate to determine the cause and take appr
corrective action. Appropriate actions may inclu

(a) restoration of the baseline condition

(b) modification of the test interval or

(c) modification of the acceptance criteria

rior as-
mance.
malous
trends,
opriate
e

6.3 Evaluate Test Interval

Evaluate the test data to project future system
mance by considering

(a) margin between acceptance criteria and
test results

(b) system performance data trending

(c) modification and maintenance history

(d) internal and external system service conditi
example, biofouling, corrosion, erosion, and wea

(e) frequency of operation

perfor-

system

ns (for

)

5.3 Closed Cooling Water Systems

Refer to Mandatory Appendix IV of this Part for specific
direction and information regarding testing of closed
cooling water systems.

5.4 Emergency Service Water Systems

Refer to Mandatory Appendix V of this Part for specific
direction and information regarding testing of emergency
service water systems.
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In addition, consider other plant and industry operating
experience information that may influence a decision to
change the test interval.

If the evaluation determines that satisfactory perfor-
mance is ensured until the next system test, then consider
extending the test interval. If the evaluation determines
satisfactory performance until the next system test is not
ensured, then either restore margin or reduce the test
interval to ensure acceptable performance until the
next system test.
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7 DOCUMENTATION

For each system tested in accordance with this Part,
document the basis for establishing test boundaries, iden-
tifying system performance requirements and testable
characteristics, establishing acceptance criteria, and
developing test procedures. Include in the basis a discus-
sion of test scope decisions including any overlap with
other test programs. Retain testing program procedures,
results, deficiencies, data evaluations, and corrective

£+l

DIVISION 2, Part 28

(d) a list of the testable characteristic(s) that each
component is required to perform

(e) the basis for the selection of acceptance criteria and
instrument accuracy requirements for each testable char-
acteristic

(f) the detailed procedures or instructions for perfor-
mance of the tests

(g) a detailed description of and justification for all
assumptions, postulations, extrapolations, or calculations
used to determine acceptance criteria or to correlate test

action

£ tlha lif 1 +
ot or—are—prant

7.1 System Test Plan

Docy
followi
(a) §
system|
basis fi
(b) §
ments
(c)
functio
ment(s

ment or reference within each system test plan the
ng, as a minimum:

brief description of the system or portion of the
subject to testing, including a description of the
r the system test boundaries

description of the system performance require-
being tested and basis for selection

list of all system components that are required to
h in support of the system performance require-

q

data with postulated least margin conditions
(h) a detailed description of all exception
quirements of this Part, including justificatio
nate testing, engineering evaluation, of analj
(i) other information as specified in this I

s to the re-
h and alter-
ysis
art

7.2 Test Results and Corrective Action$

hctions that
t plan.

Document the test results and corrective
result from each execution of the system teg
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Part 28, Mandatory Appendix |
Specific Testing Requirements of Emergency Core Cooling
Systems in BWR Power Plants

I-1 INTRODUCTION

This Appendix, when used with this Part, requires
development of a preservice and inservice testing
program that provides reasonable assurance that emer-
gency core fooling systems used in boiling water reactor
(BWR) power plants perform in accordance with the
system des|gn basis over the life of the plant.

Establish this program using the requirements deli-
neated in this Part and the system-specific requirements
of this Apppndix.

1-2 DEFINITIONS

condensate|storage tank (CST): a storage tank containing
water inventory for ECCS pump suction.

containmenyt spray: a system to control containment pres-
sure and tgmperature and to remove containment heat
following afcident conditions.

I-3 REFERENCE

Title 10, C¢de of Federal Regulations, Part50, Section
50.46, Acceptance Criteria for Emérgency Core
Cooling Jystems for Light Water Nu¢leatr Power Reac-
tors

Publisher: U.S. Government Printing)Office (GPO), 732 N.
Capitol| Street, NW, Washington, DC 20401
(www.gpo.gov)

I-4 BWR ECCS TESTING REQUIREMENTS

This sectjon provides specific direction for the first five
elements of{thetést program outlined in para. 1.3.2 of this

recirculation, core spray, and automatic depressutization
systems. Include within the test boundary @ll equipment
required to perform the ECCS function‘ef'delivering water
from the source to the reactor vessel or removing heat
directly from the core coolant.

Include within the test boundaries portions| of the
following decay heat removalisystems only when credited
as ECCS or when they directly affect ECCS operafion:

(a) normal feedwater

(b) auxiliary or"eémergency feedwater

(c) containmient air cooling

(d) isolation~condenser

(e) reacter’ core isolation cooling

(f) centainment spray

(g) suppression pool cooling

{f) normal plant shutdown decay heat removal

For example, when establishing the test boundary,
consider the interaction of the containment spray
pumps with high head safety injection (SI) pump ngt posi-
tive suction head (NPSH) when the pumps simultaneously
take suction from the low head SI pump discharge.

1-4.2 Identify System Performance Requirements

Identify system performance requirements fgr ECCS
within the established test boundaries using the require-
ments of para. 4.2 of this Part. Specific ECCS examples
beyond those of para. 4.2 of this Part include input param-
eters derived from safety analyses performed to meet the
requirements of the reference in para. I-3, or equjvalent,
such as core delivered flow, ECCS fluid temperatyre, and
time to reach full flow after ECCS actuation.

1-4.3 Identify Testable Characteristics Thaf

Part for BWR ECCS.

I1-4.1 Establish System Testing Boundaries

Establish the BWR ECCS test boundaries using the
following information in addition to the requirements
of para. 4.1 of this Part. Include within the test boundaries
all system functions described in para. 1.1 of this Part.

Establish the system test boundaries for all ECCS as
defined in para. 1.1 of this Part, such as low-pressure injec-
tion, high-pressure injection, passive injection, pumped

Represent Performance Requirements

Identify testable characteristics that can be used to
confirm system performance requirements are met
using the requirements of para. 4.3 of this Part. Specific
examples of testable characteristics associated with
typical ECCS operation, in addition to those in para.
4.3 of this Part, are pump developed head and system
resistance that can be used to verify the performance
requirement of core delivered flow.
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1-4.3.1 Component Characteristics. Include ECCS
component characteristics that affect system-level perfor-
mance as system characteristics in accordance with the
requirements of para. 4.3.1 of this Part.

I-4.3.2 Instrumentation and Control (I&C) Character-
istics. Include ECCS instrumentation and control (I&C)
characteristics that affect system-level performance as
system characteristics in accordance with the require-
ments of para. 4.3.2 of this Part.

DIVISION 2, Part 28, Mandatory Appendix I

1-4.3.4.2 Depressurization Mode Characteristics.

System characteristics associated with the de
tion mode are

(a) blowdown mass flow rate

(b) initiation logic operation

pressuriza-

1-4.3.4.3 Low-Pressure Injection Mode Characteris-

tics. System characteristics associated with th
sure injection mode are

e low-pres-

(a) discharge flow path resistance for all injection

paths
1-4.3(3 ECCS Logic Characteristics. Include ECCS logic " - . .
- (b) for injection pump and driver operati
characferistics that affect system-level performance as (1) NPSH for pump performance unger
system| characteristics in accordance with the require- " purrp b .
. system conditions, including strainer head |
ments|of para. 4.3.3 of this Part. Examples of ECCS :
logic afe (2) pump total dynamic head.versus flq
3 ti i t h
(a) logic that prevents unintentional overriding of ?45 pﬂﬁp Zlf'isxrz):rzsgo 1:(1; t(licilmjnccl)elrie\?v(;r
ECCS ¢peration, such as defeating noncritical trips conditior?s p P
during|lemergency actuation and confirmatory signals .
N 1ok (¢) pump minimum-flow path flow rate un
O valves . . dividual and combified pump operation
(b) logic intended to prevent exceeding design limits, 4 i d S .
such ag logic controlled flow limiters (d) integrated ECCS operation in conjug
1. . other systemg-and divisions, where divisionall
(c) lpgicthat causes ECCS components to actuate via an . g . )
ESFAS br ECCS actuati onal exists, in résponse to ECCS actuation with 4
or actuation signa ' offsite power.
(d) logic for transfer of pump suction from the CST to
the corjtainment suppression pool 1-4:3.4.4 Long-Term Decay Heat Rem
(e) ipterlocks, such as the pressure permissive logic for Characteristics. System characteristics asso|
injectiqn valves on low-pressure injection systems long-term post-accident heat removal are

M1
9

any no

1-4.3
charact
ization
removy
examp
modes
sive.

gic for ECCS injection path selection
pgic for system realignment to accident mode from
hsafety or secondary operating mode

.4 System Characteristics. [dentify ECCS system
eristics for the high-pressure injection, depressur-
low-pressure injection, and long tetrm decay heat
1 modes. The following paragraphs'provide some
es of system characteristics for_the four operating
These examples are not to be-considered all-inclu-

1-4
tics. Sy
sure in|

(a)
paths
(b) for injeetion pump and driver operation,

.3.4.1 High-Pressure Injection Mode Characteris-
tem characteristicsassociated with the high-pres-
jection mode-are

lischarge flew path resistance for all injection

(1) NPSH for pump performance under worst-case
systemlconditions,-including strainer head losses
(2) pump total dynamic head versus flow

(3) pump response time (time to reach rated flow)
(4) pump drivers do not trip under worst-case flow
conditions
(c) pump minimum flow path flow rate
(d) integrated ECCS operation in conjunction with
other systems in response to ECCS actuation with and
without offsite power
(e) transfer of pump suction from the CST to the
suppression pool
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(a) flow resistance for all heat removal p
(b) for heat removal pump and driver op
(1) NPSH for pump performance under]
system conditions, including strainer head |
(2) pump total dynamic head versus fld
(3) pump response time (time to reach
(4) pump drivers do not trip under wor:
conditions
(c) pump minimum flow path flow rate un
dividual and combined pump operation
(d) ECCS heat exchanger heat removal

I1-4.4 Establish Characteristic Acceptan

Establish acceptance criteria for each systen
istic in accordance with the requirements of
this Part.

b,

worst-case
sses

w

rated flow)

st-case flow

Her both in-

iction with

interaction
nd without

oval Mode

ciated with

hths

bration,
worst-case
sses

w

rated flow)
bt-case flow

Her both in-

ce Criteria

h character-
para. 4.4 of

1-4.5 Develop Test Procedures and Per]

Analysis

Develop and approve test procedures in

accordance

with para. 4.5 of this Part to verify acceptance criteria
derived in accordance with para. 1.4.4 of this Part are met.

I-4.5.1 Preservice Testing. Develop and conduct tests
to measure system performance in accordance with the

requirements of para. 4.5.1 of this Part.
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1-4.5.1.1 Preservice Test Prerequisites. Identify
prerequisites to preservice testing in accordance with
the requirements of para. 4.5.1.1 of this Part.

1-4.5.1.2 Preservice Performance Test. Develop and
conduct tests to measure system performance in accor-
dance with the requirements of para. 4.5.1.2 of this
Part. There are no specific requirements applying to
preservice testing that are beyond those stipulated in
this Appendix for inservice testing.

ASME OM-2020

testing if the scale model or prototype testing does not
simulate discharge to the suppression pool. In the
absence of verifying mass flow rate, ensure by other
means that an unobstructed flow path exists. See para.
1-4.5.2.5 for specific test frequency exceptions.

(b) Test the ADS initiation logic by verifying operation
from the ECCS actuation signal through the valve actuator.
Valve opening may be verified via other testing such as the
relief mode operation.

1-:4.5.2.3 1 - t water

1-4.5.1{3 Preservice Test Interval. Perform preser-
vice tests|at an interval in accordance with para.
4.5.1.3 of this Part.

I1-4.5.2 Ipservice Testing. Develop and conduct tests to
measure E]CS system performance in accordance with the
requirements of para. 4.5.2 of this Part. The following
paragraphd provide requirements for inservice testing
of some of the system characteristics described in
paras. 1-4.3}4.1, [-4.3.4.2, 1-4.3.4.3, and 1-4.3.4.4.

1-4.5.2
into the re
path and
design. Tes
conditions
and flooded
(a) Test
other syste
without of
deliver flow
to ensure t
para. [-4.5.
testing with
to the reac
(b) Test

1 High-Pressure Injection Mode. Inject water
ctor vessel through each required injection
pump combination as allowed by plant
each ECCS train under cold or hot operating
hs practical. The reactor vessel may be open
during testing.

ntegrated ECCS operation in conjunction with
ms in response to ECCS actuation with and
site power. For at least one of these tests,
i to the reactor vessel for sufficient duration
hat no adverse system interactions exist. See
.5 for specific test frequency exceptions.for
simultaneous flow from interacting divisions
or vessel.

for adequate NPSH and acceptable pressure
drops acrogs suction strainers, suction(lines, and valves
from the dources to the pump stiction. These tests
should include transfer of pump suction between the

into the reactor vessel through each required if]
path and pump combination. Test each~E€C
under cold or hot operating conditions|as pr
Thereactor vessel may be open and floeded during

(a) Testintegrated ECCS operation in conjuncti
other systems and divisions, wheré divisional inte
exists, in response to ECCS attuation with and
offsite power. For at least one of these tests,
flow to the reactor vessel for sufficient dura
ensure that no adverse’system interactions ex
para. 1-4.5.2.5 forrspecific test frequency excepti
testing with simultaneous flow from interacting d
to the reactor vessel.

(b) Testfor adequate NPSH and acceptable p
drops.across suction strainers, suction lines, and
from”the sources to the pump suction. Veri
vortex formation is minimized. Since these tests a1
clated with the suction flow path only, use full fl
return paths that bypass the reactor vessel if ay
This avoids any undesirable impact from injecting
to the reactor vessel. See para. [-4.5.2.5 for spec
frequency exceptions for vortex formation testin|

jection
b train
hctical.
festing.
bn with
raction
vithout
deliver
tion to
st. See
pns for
visions

Fessure
valves
fy that
e asso-
bw test
ailable.
Hirectly
fic test

o.

1-4.5.2.4 Long-Term Decay Heat Removal Mode. Test
flow through each required decay heat removal path and
pump combination. Test each decay heat removal train
under cold or hot operating conditions as practical.
Thereactor vessel may be open and flooded duringesting.

CST and thefsuppression pool. Verify that vortex formation (a) Test for adequate NPSH and acceptable pressure
is minimizg¢d. Since these tésts are associated with the drops across suction strainers, suction lines, and valves
suction flow path only,-use full flow test return paths from the sources to the pump suction. Verify that
that bypas§ the reactor vessel if available. This avoids vortex formation is minimized. Since these tests are asso-
any undesirable impact from injecting directly to the ciated with the suction flow path only, use full flpw test
reactor vessel.“Sée para. [-4.5.2.5 for specific test return paths that bypass the reactor vessel if avjilable.
frequency ¢xeeptions for vortex formation testing. This avoids any undesirable impact from injecting dlirectly

to the reactor vessel See para 1-452°C for spec fic test

1-4.5.2.2 Depressurization Mode

(a) Test the system characteristic of blowdown mass
flow by opening the automatic depressurization system
(ADS) valves and determining the mass flow rate. This
may be accomplished by opening individual relief
valves in any mode of operation and measuring appro-
priate parameters to obtain a mass flow rate.

Scale model or prototype testing of ADS valves to deter-
mine mass flow rate may be used in place of actual plant
testing. An analytical evaluation is acceptable in lieu of
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frequency exceptions for vortex formation testing.
(b) Test heat exchanger ECCS decay heat removal
capability.

1-4.5.2.5 Inservice Test Interval. Perform inservice
tests at an interval in accordance with para. 4.5.2.2 of
this Part. Allowable exceptions to para. 4.5.2.2 of this
Part are as follows:
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(a) Conduct the integrated ECCS test with simulta-
neous flow from all interacting divisions [I-4.5.2.1(a)
and [-4.5.2.3(a)] to the reactor vessel at a 10-yr +25%
time interval.

(b) Suction vortex formation testing [[-4.5.2.1(b),
[-4.5.2.3(b), and 1-4.5.2.4(a)] need only be performed
following any modification that affects the corresponding
performance requirements of para. [-4.2. This exception is

DIVISION 2, Part 28, Mandatory Appendix I

allowed provided there is objective evidence that the re-
quirements of these paragraphs have been met at least
once.

(c) Testingofthe ADSvalvesinI-4.5.2.2(a) need only be
performed following any modification that affects the
corresponding performance requirements of para. I-
4.2, provided there is objective evidence that the require-
ments of this paragraph have been met at least once.
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Part 28, Mandatory Appendix Il
Specific Testing Requirements of Emergency Core Cooling
Systems in PWR Power Plants

1I-1 INTRODUCTION

This Appendix, when used with this Part, requires
development of a preservice and inservice testing
program that provides reasonable assurance that emer-
gency core|cooling systems used in pressurized water
reactor (PWR) power plants perform in accordance
with the system design basis over the life of the plant.

Establish this program using the requirements deli-
neated in this Part and the system-specific requirements
of this Apppndix.

11-2 DEFINITIONS

borated wpter supply tank (BWST): a storage tank
containing borated water inventory for PWR ECCS
pump suctipn during the injection phase.

containment spray: a system to control containment pres-
sure and tgmperature and to remove containment heat
following afcident conditions.

11-3 REFERENCES

(a) Title 10| Code of Federal Regulations, Part 50, Section
50.46, Agceptance Criteria for Emergency Core Cooling
Systems for Light Water NuclearPower Reactors

Publisher: U.S. Government Printing)Office (GPO), 732 N.
Capitol| Street, NW, Washington, DC 20401
(www.gpo.gov)

(b) Regulatpry Guide 11,.Net Positive Suction Head for
Emergeficy Cor€, Cooling and Containment Heat
Removall Systent Pumps (Safety Guide 1), U.S.
Nuclear Regtdatory Commission, November 1970

Publisher: .S Nuclear Regulatory Commission (NRC),

11-4.1 Establish System Testing Boundaries

Establish the PWR ECCS test boundaries using the
following information in addition to)the requirgments
of para. 4.1 of this Part. Include within the test boupdaries
all system functions described-inr para. 1.1 of thi Part.

Establish the system test-boundaries for all HCCS as
defined in para. II-2, such as low pressure injection,
high pressure injection;_passive injection, pumpefl recir-
culation, and automatic depressurization systems. [nclude
within the test"boundary all equipment requjred to
perform the ECCS function of delivering watgr from
the sourceto.the reactor vessel or removing heat gdlirectly
from theCcore coolant.

Include within the test boundaries portions| of the
following decay heat removal systems only when cfredited
as“ECCS or when they directly affect ECCS operafion:

(a) normal feedwater

(b) auxiliary or emergency feedwater

(c) steam generator heat removal

(d) containment air cooling

(e) containment spray

(f) normal plant shutdown decay heat removdl

For example, when establishing the test boyndary,
consider the interaction of the containment spray
pumps with high head safety injection (SI) pump ngt posi-
tive suction head (NPSH) when the pumps simultaneously
take suction from the low head SI pump discharge.

11-4.2 Identify System Performance Requirements

Identify system performance requirements fgr ECCS
within the established test boundaries using the require-
ments of para. 4.2 of this Part. Specific ECCS examples
beyond those of para. 4.2 of this Part, include input pa-

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

11-4 PWR ECCS TESTING REQUIREMENTS

This section provides specific direction for the first five
elements of the test program outlined in para. 1.3.2 of this
Part for PWR ECCS.

rameters derived from safety analyses performed to meet
the requirements of the reference in I1-3(a), or equivalent,
such as core delivered flow, ECCS fluid temperature, and
time to reach full flow after ECCS actuation.

11-4.3 Identify Testable Characteristics That
Represent Performance Requirements

Identify testable characteristics that can be used to
confirm system performance requirements are met
using the requirements of para. 4.3 of this Part. Specific
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examples of testable characteristics associated with
typical ECCS operation, in addition to those in para.
4.3 of this Part, are pump developed head and system
resistance that can be used to verify the performance
requirement of core delivered flow.

11-4.3.1 Component Characteristics. Include ECCS
component characteristics that affect system-level perfor-
mance as system characteristics in accordance with the
requirements of para. 4.3.1 of this Part.

(1) NPSH for pump performance under
system conditions

DIVISION 2, Part 28, Mandatory Appendix II

worst-case

(2) pump total dynamic head versus flow

(3) pump response time (time to reach

rated flow)

(4) pump drivers do not trip under worst-case flow

conditions

(c) pump minimum flow path flow rate under both in-

dividual and combined pump operation

(d) integrated ECCS operation in conjunction with
other systems in response to ESFAS actuation with and

haracteris-

11-4.3.2 Instrumentation and Control (I&C) Charac- without offsite power
teristi¢s. Inclu.d(? ECCS Instrumentation and Control II-4.3.4.3 Pumped Recirculation Méde C
(I&C) characteristics that affect system-level performance . . . )
R . . tics. System characteristics associated with {he pumped
as system characteristics in accordance with the require-

ments

11-4.
charac
system|
ments
logic a

(a)
ECCS
during
to valv]

(b) 1
such aj

(c) 1
ESFAS

bf para. 4.3.2 of this Part.

8.3 ECCS Logic Characteristics. Include ECCSlogic
eristics that affect system-level performance as
characteristics in accordance with the require-
of para. 4.3.3 of this Part. Examples of ECCS
e
ogic that prevents unintentional overriding of
peration, such as defeating noncritical trips
emergency actuation and confirmatory signals
PS
pbgic intended to prevent exceeding design limits,
logic controlled flow limiters
bgic that causes ECCS components to actuate via an
or ECCS actuation signal

(d) logic for transfer of pump suction from the BWSFto
the cojtainment sumps on a BWST low level signal

(e) interlocks, such as the logic for motor-gperated
valves|that isolate the decay heat remdval system
suctiornllines during normal operation and the safety injec-
tion acfumulators before plant shutdown

(f) logic for system realignment te‘accident mode from
any nopsafety or secondary operating mode

11-4.
charact
and p
follo
system
These

11-4.3.4.1 Passive Injection Mode Characteristics. A
system|characteristic associated with the passive injection

8.4 System Characteristics. Identify ECCS system
eristics for the passivelinjection, pumped injection,
mped recirculation ECCS operating modes. The
ing paragraphs provide some examples of
characteristics for the three operating modes.
bxampleScare not to be considered all-inclusive.

recirculation mode are

(a) NPSH available is greater'than that requ
dent conditions (such as temipérature, pressut
blockage) as discussed insthe reference in II

(b) pump discharge.flow path overall res|
balanced branch lire resistance for all cold
injection paths not.addressed in para. 11-4.3.

(c) operatiotivof each pump in all desigr
modes not addressed in para. 11-4.3.4.2
pump drivers will not trip under worst-case
tions

(d)shigher head pumps can be aligned for s
the*lower head pumps and operate accepta
plants that use this scheme in the pumped r
mode

(e) heat removal from ECCS heat exchang

(f) transfer of pump suction from the B
containment sump

ired at acci-
e, flow, and
t3(b)
stance and
and hot leg
4.2
| operating
including
flow condi-

uction from
ly in those
bcirculation

ers
WST to the

11-4.4 Establish Characteristic Acceptance Criteria

Establish acceptance criteria for each systen
istic in accordance with the requirements of
this Part.

11-4.5 Develop Test Procedures and Pe
Testing, Inspections, and Engine
Analysis

Develop and approve test procedures in
with para. 4.5 of this Part to verify accepta
derived in accordance with para. 1I-4.4 are 1

h character-
para. 4.4 of

form
bring

Accordance
hce criteria
het.

mode is discharge flow path resistance from the safety
injection accumulators to the RCS.

11-4.3.4.2 Pumped Injection Mode Characteristics.
System characteristics associated with the pumped injec-
tion mode are
(a) pump discharge flow path overall resistance and
balanced branch line resistance for all cold and hot leg
injection paths
(b) for injection pump and driver operation,

307

11-4.5.1 Preservice Testing. Develop and cd

bnduct tests

to measure system performance in accordance with the

requirements of para. 4.5.1 of this Part.

11-4.5.1.1 Preservice Test Prerequisites. Identify

prerequisites to preservice testing in accordance with
the requirements of para. 4.5.1.1 of this Part.

11-4.5.1.2 Preservice Performance Test. Develop and
conduct tests to measure system performance in accor-
dance with the requirements of para. 4.5.1.2 of this
Part. There are no specific requirements applicable to
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preservice testing that are beyond those stipulated in this
Appendix for inservice testing.

11-4.5.1.3 Preservice Test Interval. Perform preser-
vice tests at an interval in accordance with para. 4.5.1.3 of
this Part.

11-4.5.2 Inservice Testing. Develop and conduct tests
to measure ECCS system performance in accordance with
the requirements of para. 4.5.2 of this Part. The following
paragraphs provide requirements for inservice testing of

ASME OM-2020

that vortex formation is minimized and that acceptable
pressure drops exist across sump screens (clean and
with postulated blockage), suction lines, and valves
from the sump to the pump suction. Temporary sump
modifications to provide adequate sump capacity for
pump operation are acceptable. Since these tests are asso-
ciated with the suction flow path only, use full flow test
return paths that bypass the reactor vessel if available.
This avoids any undesirable impact from injecting directly
to the reactor vessel.

some of the system characteristics described in paras. II- (b) Where actual plant testing is impractical, scale
4.3.4.1, 11-443.4.2, and 11-4.3.4.3. model testing of containment recirculation’sumps,
characteridtic of discharge flow path resistance from & § %

the safety Injection accumulators to the RCS. Perform
this test at|a pressure sufficient to allow opening of all
in-line chegk valves to their design basis flow position.
See para. [[[I-4.5.2.4 of this Appendix for specific test
frequency rlequirements and exceptions. See Nonmanda-
tory Appendix B, section B-2 of this Part for technical

guidance.

11-4.5.2
the BWST

.2 Pumped Injection Mode. Inject water from
r other appropriate source into the reactor
vessel thrqugh each required injection leg and pump
combinatipn as allowed by plant design. Test each
ECCS traip under cold operating conditions. The
reactor vepsel may be open and flooded during the
testing, with the RCS pressure at essentially atmospheric
pressure. There is no requirement to control BWST water
temperaturg.

(a) Test|ntegrated ECCS operation in conjunction.with
other systens in response to ESFAS actuation with and
without offsite power. For at least one of these tests,
deliver simultaneous flow from all traing to the reactor
vessel for dufficient duration to ensuré that no adverse

b actual
fficient
analy-
NPSH
ite the
nps, an
e flow
4.5.2.4

strates that the test data will accurately-reflect th
system characteristics. Compare the inlet loss cog
across the sump screens and sump-intake piping t
tically determined value§~and verify pump
adequacy. If the scale, mgdel does not simul
flow path from the sump to the respective pun
analytical evaluation of hydraulic losses in th
path is acceptable, in lieu of testing. See para. I
for specific test frequency exceptions.

(c) Verify by inspection or other means that an unob-
structed pumped recirculation mode suction flow path
will exist. An unobstructed flow path is free pf flow
path, restrictions, or debris, that could adversely
impact system function. Inspect containment afeas in
the postulated debris transport routes to the sump, the
ECCS sump area inside the debris barrier, and the flow
path from the ECCS sump to the respective pumps.

Test that higher head pumps can be aligned for fuction
from the lower head pumps and operate acceptably in
those plants that use this scheme in the pumped tecircu-
lation mode.

NOTE: When testing pump discharge flow path overall refistance

system intgractions exist. See para. {I-4:5.2.4 for specific  and balanced branch line resistance per para. 4.5.2.1(n) of this
test frequepcy requirements and exceptions for testing Part, pump suction may be aligned from alternate sourfes with
with simulthneous flow from interacting trains to the RCS. appropriate analytical justification.
(b) Test|[for adequate NRSH and acceptable pressure

drops in suction lines and.valves from the sources to 11-4.5.2.4 Inservice Test Interval. Perform inservice
the pump puction under maximum flow conditions. tests at an interval in accordance with para. 4.5.2.2 of this
Verify that|vortex fotmation is minimized. Since these Part. Allowable exceptions to para. 4.5.2.2 of this Rart are
tests are afsociated with the suction flow path only, as follows:

use full flowt€st return paths that bypass the reactor (a) Conduct the integrated ECCS test with sjmulta-
vessel if aviailable.-This avoids any undesirable impar‘f neous flow from all trains [11-4.5.2.2(a)] to the freactor

from injecting directly to the reactor vessel. See II-
4.5.2.4(b) for specific test frequency exceptions for
vortex formation testing. Refer to Nonmandatory Appen-
dix A of this Part for additional information.

11-4.5.2.3 Pumped Recirculation Mode

(a) Test the system characteristic of NPSH by taking
suction from the containment recirculation sump.
These tests should include transfer of pump suction
between the BWST and the containment sump. Verify

308

vessel at a 10-yr +25% time interval.

(b) ECCSaccumulator testing (para.Il-4.5.2.1), contain-
ment sump testing [I1-4.5.2.3(a)], and suction vortex
formation testing [II-4.5.2.2(b) and II-4.5.2.3(a)] need
only be performed following any modification that
affects the corresponding performance requirements of
para. 1I-4.2. This exception is allowed provided there is
objective evidence that the requirements of these para-
graphs have been met at least once.


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

ASME OM-2020 DIVISION 2, Part 28, Mandatory Appendix III

Part 28, Mandatory Appendix lll
Specific Testing Requirements of Auxiliary or Emergency

Feedwater Systems in Water-Cooled Reactor Nuclear Power
Plants

llI-1 INTRODUCTION 1ll-4.2 Identify System Performance Requirements

This
develg

Appendix, when used with this Part, requires
pment of a preservice and inservice testing

Identify system performarice Tequirements for AFWS

within the established test Beundaries using

he require-

progrdgm that provides reasonable assurance that ments of para. 4.2 of tHis)Part. Specific AFWS examples
auxiliary feedwater systems perform in accordance beyond those of para¥4.2 of this Part include delivery
with tHe system design basis over the life of the plant. of minimum flow(to the steam generator§ (PWR) or

Estaplish this program using the requirements deli- reactor (BWR)‘and time to reach full flow pfter AFWS
neated|in this Part and the system-specific requirements actuation.
of this |Appendix.

111-4.3 . Identify Testable Characteristic§ That

-2 DEFINITION Represent Performance Requirements
condengfate storage tank (CST): a storage tank containing Identify testable characteristics that can|be used to

water jnventory for AFWS pump suction.

I11-3 REFERENCES

Nong.

111-4 AUXILIARY FEEDWATER SYSTEM TESTING

REQUIREMENTS

This[section provides specific direction for the first five
elemerntts of the test program outlined in para. 1.3.2 of this
Part fop AFWS.

111-4.1| Establish System Testing Boundaries
Establish the AFWS test boundaries using the following

confirm system performance requiremen
using the requirements of para. 4.3 of this P
examples of testable characteristics asso
typical AFWS operation, in addition to thd
4.3 of this Part, are pump developed head
resistance that can be used to verify the p
requirement of steam generator delivered fl

111-4.3.1 Component Characteristics. Ing

ts are met

art. Specific

iated with
se in para.

hnd system
brformance
bw (PWR).

lude AFWS

component characteristics that affect system-level perfor-

mance as system characteristics in accordan

ce with the

requirements of para. 4.3.1 of this Part. Speciffic examples
of component characteristics associated with AFWS

components are

(a) net positive suction head (NPSH) for ptimp perfor-

informftion in addition to the requirements of para. 4.1 of ~ mance under system conditions with the least NPSH

this Paft. Inclade’within the test boundaries all system ~ Margn

functiqns described in para. 1.1 of this Part. Include (b) pump total dynamic head (TDH) versyis flow

within| thie-test boundary all equipment required to (¢) pump response time (tirpe to reach rated f(li‘_):_")
- . . d—pump-drivers-dohe p—tHide ¥ conditions

perform
the source to the steam generators (PWR) or reactor
vessel (BWR).

For example, include within the system boundary all
components (i.e,, pumps, valves, piping, instrumentation)
in the flow paths between the CST and the steam genera-

with the least margin to trip

(e) pump minimum flow path under individual and

combined pump operation

(f) pump performance under parallel pump operation

111-4.3.2 Instrumentation and Control (I&C) Charac-

tors (PWR) or reactor (BWR). teristics. Include AFWS instrumentation and control

(I&C) characteristics that affect system-level performance
as system characteristics in accordance with the require-
ments of para. 4.3.2 of this Part.
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111-4.3.3 AFWS Logic Characteristics. Include AFWS
logic characteristics that affect system-level performance
as system characteristics in accordance with the require-
ments of para. 4.3.3 of this Part. Examples of AFWS logic
are

(a) logic that causes AFWS components to actuate via
an ESFAS, anticipated transients without scram (ATWS)
mitigation circuitry, loss of offsite power and low steam
generator level signal (PWR), or low reactor level (BWR)

(b) logic that causes AFWS components to actuate

ASME OM-2020

design conditions; however, all back pressure conditions
are not required to be simulated simultaneously. Verify
that the required flow is achieved on each branch line
of AFWS,

Test for adequate NPSH and acceptable pressure drops
in suction lines and valves from the CST to the pump
suction under maximum flow conditions. These tests
should include transfer of pump suction between the
CST and any alternate inventory source where applicable.
Verify that vortex formation is minimized. Since these

when all feedwater pumps trip tests are associated with the suction flow path only,
. L. use full flow test return paths if available.
111-4.4 Establish Characteristic Acceptance .
Criteria 111-4.5.1.3 Preservice Test Interval. Perform preser-
vice tests at an interval in accordance with para. 4,5.1.3 of

Establishjacceptance criteria for each system character- this Part.

;?SC Il)r;rzicc rdance with the requirements of para 4.4 of 111-4.5.2 Inservice Testing. Devélop and condulct tests
' to measure AFWS performanee in accordance with the
11-4.5 Deyelop Test Procedures and Perform requirements of para. 4.5-.2 of this Paljt. Thel fo low¥ng
Testing, Inspections, and Engineering paragraphs provide requirements for inservice [testing
AnhL Si’S ! of some of the sy§tem characteristics described in

y para. 111-4.3.

Develop pnd approve test procedures in accordance 111-4.5.2:1 Inservice Performance Test. Develop and
with para. 4.5 of this Part to verify that acceptance criteria conduct te$dNo measure system performance ir| accor-
derived in dccordance with the requirements of para. I1I- : . .
44 J dance with the requirements of para. 4.5.2.1 |of this

<+ are meg. Part and para. I1I-4.3. In addition, address the following
111-4.5.1 [Preservice Testing. Develop and conduct tests AFWS-specific requirements:

to measure|system performance in accordance with the (a) Verify that the AFWS is in the normal systerh align-

requiremer]ts of para. 4.5.1 of this Part. ment. Simulate an emergency actuation signal. Ver|ify that

. . . ) all valves realign to the required accident position gnd that

111-4.5]1.1 Preservice Test Prerequisites. Identify the associated AFWS pumps are operating, Verify|system

prerequisitles to preservice testing in accordanee\with
the requirements of para. 4.5.1.1 of this Part.

flow balancing requirements are maintained.
(b) Operate AFWS in the accident alignment with each

111-4.5{1.2 Preservice Performance Test. Develop required cooling water branch line and pump comhination
and conduft tests to measure system-performance in as allowed by plant design. Test each AFWS train as close
accordancg with the requirements-of-para. 4.5.1.2 of  as practical to design conditions. Verify that the r¢quired
this Part. Infaddition, address the fellowing AFWS-specific flow is achieved on each branch line of AFWS.
requiremerjts: 11l-4.5.2.2 Inservice Test Interval. Perform injservice
(a) Verify that the AFWS\isin the normal system o ) o pervie
. \ . tests at an interval in accordance with para. 4.5.2.2 of this
standby alignment or opefation. Simulate an emergency . : .
: . ) i Part. An allowable exception to para. 4.5.2.2 of thi§ Part is
actuation gignal. Verify_that all valves realign to the . . .
) . S . that suction vortex formation testing (para. 111-4.5.1.2)
required dccident/pesition and that the associated : . .
. , need only be performed following any modiffcation
AFWS pumps are operating. Verify that system flow balan- . .
. . . . that affects the corresponding performance requirgments
cing requirpments*are maintained [e.g., flow to multiple . L2 . ;
of para. I11-4.2. This exception is allowed provided there is
steam genejrators (PWR)] n]'\}'nr‘h'vn evidence that the requirements of thed para-

(b) Operate AFWS in each required operating align-
ment and pump combination as allowed by plant
design. Test each AFWS train as close as practical to
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graphs have been met at least once.
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Part 28, Mandatory Appendix IV
Specific Testing Requirements of Closed Cooling Water Systems
in Water-Cooled Reactor Nuclear Power Plants

IV-1 INTRODUCTION

This|Appendix, when used with this Part, requires
develdpment of a preservice and inservice testing
progrqm that provides reasonable assurance that
closed|cooling water systems perform in accordance
with tHe system design basis over the life of the plant.

Estaplish this program using the requirements deli-
neated|in this Part and the system-specific requirements
of this [Appendix.

IV-2 DEFINITIONS

proces§ heat exchanger: a CCWS heat exchanger that
rejects|heat to the ultimate heat sink.

serviceql heat exchanger: a heat exchanger in a supported
system| that rejects heat to the CCWS.

IV-3 GLOSED COOLING WATER SYSTEM TESTING
REQUIREMENTS

Thissection provides specific direction for'the first five
elements of the test program outlined in para. 1.3.2 of this
Part fof closed cooling water systems:

IV-3.1

Establish the CCWS test botindaries using the following
information in addition totherequirements of para. 4.1 of
this Pafft. Include withinmthe test boundaries all CCWS func-
tions described in para."1.1 of this Part. Include within the
test bdundary all-equipment required to perform the
CCWS function ¢f’transferring heat from the supported
structyres;~systems, and components to the ultimate
heat sink:This test boundary includes the interfacing

Establish System Test Boundaries

Appendix IV

(8) system realignments including ifolation of

nonessential loops or branch lines

(9) heatremoval and flow fornonessential loads that

are not isolated, such as fuel pool.cooling, sam
and evaporators

ple coolers,

(b) Figure IV-1 showg-a'simplified CCWS flpw diagram
and identifies some major components. Conpjponents of

the typical CCWS may ‘include
(1) CCWS process pumps

(2) control,isolation, throttling, and reljef valves

(3) mbotor controllers, controls, and protg
(4) EEWS surge tank(s)
(5)-instrumentation components and cq
including all interlocks and alarm functions
(6) CCWS process heat exchangers aj
component heat exchangers

ctiverelays
ntrol loops

d serviced

(7) CCWS process piping and associat¢d hangers,

restraints, and supports
(8) water quality monitoring and contro
(9) filters

equipment

IV-3.2 Identify System Performance Requirements

Identify system performance requirement
within the established test boundaries using
ments of para. 4.2 of this Part. Specific CCW
beyond those of para. 4.2 of this Part inclu
heat removal rates from serviced loads, re
rates to serviced loads, heat exchanger pe¢
surge tank makeup, and system fluid losses.

IV-3.3 Identify Testable CharacteristiCjnThat

Represent Performance Require

Identify testable characteristics that can

heat exdmugclb forthretreatsourcesamdtreatsimks
for CCWS.
(a) Typical functions include

(1) decay heat removal

(2) containment heat removal

(3) pump and pump driver cooling

(4) room cooler heat removal

(5) chilled water system cooler heat removal

(6) containment high-energy penetration heat
removal

(7) reactor support structure cooling

s for CCWS
he require-
S examples
le required
quired flow
rformance,

ents

be used to

confirm system performance requirements are met
using the requirements of para. 4.3 of this Part. Specific
examples of testable characteristics associated with
typical CCWS operation, in addition to those in para.
4.3 of this Part, are

(a) system operating pressures at component eleva-
tions where conditions could approach saturation

(b) maintaining system operation during system tran-
sients, such as pump trip in parallel pump operation

(c) pressure differential between the CCWS and the
heat sink system is in the appropriate direction
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Figure IV-1 CCWS Typical Flow Diagram

CCWS process pumps
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B surge
tanks
To heat sink
A
> A
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-

Various serviced

T

To\heat sink

heat exchangers -€

Nonessential heat exchangers
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IV-3.3.1 Component Characteristics. Include compo-
nent characteristics that affect system-level performance
as system characteristics in accordance with the require-
ments of para. 4.3.1 of this Part. In addition to the examples
described in para. 4.3.1 of this Part, additional examples of
CCWS system characteristics are flow for serviced and
process CCWS heat exchangers, and heat removal for
CCWS process heat exchangers.

System characteristics associated with CCWS compo-
nents are

DIVISION 2, Part 28, Mandatory Appendix IV

IV-3.5 Develop Test Procedures and Perform
Testing, Inspections, and Engineering

Analysis

Develop and approve test procedures in

accordance

with para. 4.5 of this Part to verify acceptance criteria
derived in accordance with the requirements of para.

IV-3.4 are met.

IV-3.5.1 Preservice Testing. Develop and conduct tests

to measure system performance in accorda

ce with the

(a) |CCWS Pump and Driver requirements of para. 4.5.1 of this Part. Spec
(1) net positive suction head (NPSH) for pump  pens for CCWS, in addition to those inpara.
performance under system conditions with the least Part, are provided below.
NPSH gnargin
(2) pump total dynamic head (TDH) versus flow IV-3.5.1.1 Preservice Test-Prerequisit
(3) pump response time (time to reach rated flow)  Prerequisites to preservice testing in accon
(4) pump drivers do not trip under flow conditions  the requirements of para. 4.5.1.1 of this Part.
with tHe least margin to trip IV-3.5.1.2 Preservice Performance Te
(5) pump driver (as found) power requirements at 54 conduct tests to fneasure system perf
all flow conditions are within design assumptions for accordance with thé requirements of parg
normaj and emergency power this Part. In addition, address the following CQ
(6} pump performance under parallel pump opera- requirements.
tion Verify-that the CCWS is in the normal syst
(b) |Process Heat Exchangers alignmient or operation. Simulate an emergen
(1) amount of heat required to be transferred
(2) system pressure drop through the heat
exchanger

(3]
1v-3
tics. In|
teristid
charac
para. 4

IV-3]3.3 System Logic Characteristics. Include CCWS
logic characteristics as system characteristics in accor-
dance With the requirements of para. 4.3.3 of this Part.
Specifi¢ examples of CCWS légic characteristics are

(a) logic that causes CCWS components to actuate via
an ESFAS or ECCS actuation signal

(b) logic that actuatés surge tank makeup on low level
and prgssure contrel

(c) lpgic asséeiated with control of manually operated
compohents

heat exchanger outlet temperature

3.2 Instrumentation and Control Characteris-
clude CCWS instrumentation and control .charac-
5 that affect system-level performance as system
eristics in accordance with the requirements of
3.2 of this Part.

IV-3.4

signal, Verify that all valves realign to the re
dent position and that the associated CCWS
operating. Verify system flow balancing for h
requirements is maintained.

Operate CCWSin eachrequired cooling wate
and pump combination as allowed by plant d¢
that the required flow is achieved on each br
serviced component of CCWS.

Address the following requirements for eac
operating mode:

(a) Verify that automatic surge tank makeu
Demonstrate manual makeup where credite

fic require-
4.5.1 of this

s, [dentify
dance with

5t. Develop
brmance in
. 4.5.1.2 of
WS-specific

em standby
[y actuation
juired acci-
pumps are
pat transfer

ralignment
sign. Verify
hnch line or

h applicable

p functions.
.

(b) Verify that level instrumentation and qlarms func-

tion properly to allow appropriate response
surge tank level.

Perform final system flow balancing with
simulated heat loads. Heat loads not available

to a loss of

hvailable or
during this

test should be estimated and accommodated inp the system

flow balancing. Repositioning throttle valves|
flow orifices could significantly affect the flowy

or resizing
y balance or

previous test results. Perform the applicable

flow testing

Establish Acceptance Criteria for Testable
Characteristics
Establish acceptance criteria for each system character-

istic in accordance with the requirements of para. 4.4 of
this Part.

313

Witer sucit modifications trave beemnm made.

Verify CCWS process heat exchangers are tested in

accordance with the reference in para. 3(a). Using the
results of the Part 21 testing and the testing in this
Part, perform an evaluation to confirm that the CCWS
under least margin operating conditions will meet
design basis assumptions. If the evaluation results in
required changes to the system, then re-perform the
appropriate tests of this Part or Part 21.
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IV-3.5.1.3 Preservice Test Interval. Perform preser-
vice tests at an interval in accordance with para. 4.5.1.3 of
this Part.

IV-3.5.2 Inservice Testing. Develop and conduct tests
to measure system performance in accordance with the
requirements of para. 4.5.2 of this Part.

IV-3.5.2.1 Inservice Performance Test. Develop and
conduct tests to measure system performance in accor-
dance with the requirements of para. 4.5.2.1 of this

ASME OM-2020

Operate CCWS in the accident alignment with each
required cooling water branch line and pump combination
as allowed by plant design. Test each CCWS train as close
as practical to design conditions; however, all heat loads
are not required to be in service simultaneously. Verify
that the required flow is achieved on each branch line
or serviced component of CCWS.

Verify that automatic surge tank makeup functions for
each applicable operating mode. Demonstrate manual
makeup where credited. Verify that level instrumentation

Part. In addiition, address the following CCWS-specitic re-
quirements

Verify that the CCWS is in the normal system alignment.
Simulate ap emergency actuation signal. Verify that all
valves realign to the required accident position and
that the aspociated CCWS pumps are operating. Verify
system floy balancing for heat transfer requirements
is maintainged.

and alarms function properly to allow apprg¢priate
response to a loss of surge tank level.

service
of this

IV-3.5.2.2 Inservice Test Interval. Perform in
tests at intervals in accordance with para. 4.5.2.2
Part.

314
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Part 28, Mandatory Appendix V
Specific Testing Requirements of Emergency Service Water
Systems in Water-Cooled Reactor Nuclear Power Plants (Open

V-1 IN

This
develd
progra
gency
dance
plant.

Esta
neated
of this

TRODUCTION

Appendix, when used with this Part, requires
pment of a preservice and inservice testing
m that provides reasonable assurance that emer-
ervice water systems (ESWS) perform in accor-
vith the system design basis over the life of the

blish this program using the requirements deli-
in this Part and the system-specific requirements
Appendix.

V-2 DEFINITIONS

proces§ heat exchanger: a CCWS heat exchanger that
rejects|heat to the ultimate heat sink.

serviceql heat exchanger: a heat exchanger in a supperted
system|that rejects heat to the open cooling water system.

V-3 EMERGENCY SERVICE WATER SYSTEM TEST
REQUIREMENTS

This[section provides specific direction for the first five
elemerits of the test program outlined in para. 1.3.2 of this
Part fop ESWS.

V-4 ESTABLISH SYSTEM TEST BOUNDARIES

V-4.1 |General

Establish the ESWS test boundaries using the following
informption-inraddition to the requirements of para. 4.1 of
t.fnclide within the testboundaries all ESWS func-

test boundary all equipment required to perform the
ESWS functions of transferring heat from the supported
structures, systems, and components to the ultimate heat
sink. This test boundary includes the serviced heat
exchangers for the heat sources for ESWS and includes
the ultimate heat sink.
(a) Typical Functions. Typical functions include
(1) closed cooling water system heat removal
(2) decay heat removal

(3) containment heat removal

Cooling w_a,ter_Sycfpmc)
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(4) pump and pump driver €aoling
(5) diesel generator jacket water coolin
(b) Typical ESWS. FiguredV>1 in Mandatoj

IV of this Part shows a simiplified ESWS flow d
identifies some major.components. Compor]
typical ESWS may ifclude

(1) ESWS proeéss pumps

(2) controliisolation, throttling, and rel

(3) metorcontrollers, controls, and protg

(4) instrumentation components and c(
including’all interlocks and alarm functions

(5) serviced heat exchangers

(6) the ultimate heat sink, including h¢
components such as cooling towers and spr

(7) ESWS process piping and associat
restraints, and supports

(8) water quality monitoring and contro

(9) filters and trash screens

(10) alternate suction sources

i
y Appendix
iagram and
ents of the

ief valves
ctive relays
ntrol loops

bat transfer
iy ponds
bd hangers,

equipment

V-4.2 ldentify System Performance Requirements

Identify system performance requirement
within the established test boundaries using
ments of para. 4.2 of this Part. Specific ESW

s for ESWS
he require-
S examples

beyond those of para. 4.2 of this Part inclugle required

heat removal rates from serviced loads, re
rates to serviced loads, and heat exchanger p
in addition to heat absorption and rejection re
of the ultimate heat sink.

juired flow
erformance
quirements

That

V-4.3 Identify Testable Characteristics

Identify testable characteristics that can

be used to

confirm that system performance requirements are
met using the requirements of para. 4.3 of this Part. Spe-
cific examples of testable characteristics associated with
typical ESWS operation, in addition to those in para. 4.3 of

this Part, are
(a) system operating pressures at compo

nent eleva-

tions where conditions could approach saturation

(b) maintaining system operation during s

ystem tran-

sients, such as pump trip in parallel pump operation
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(c) pressure differential between the ESWS and the
heat source systems in the appropriate direction

V-4.3.1 Component Characteristics. Include compo-
nent characteristics that affect system-level performance
as system characteristics in accordance with the require-
ments of para. 4.3.1 of this Part. In addition to the examples
described in para. 4.3.1 of this Part, additional examples of
an ESWS system characteristics are flow for serviced
ESWS heat exchangers, and heat removal for ESWS
process hegt-exchangers

ASME OM-2020

V-4.5 Develop Test Procedures and Perform
Testing, Inspections, and Engineering
Analysis

Develop and approve test procedures in accordance
with para. 4.5 of this Part to verify that acceptance criteria
derived in accordance with the requirements of para.
V-4.4 of this Part are met.

V-4.5.1 Preservice Testing. Develop and conduct tests
to measure system performance in accordance with the

System characteristics associated with ESWS compo-
nents are
(a) ESWS Pump and Driver
(1) ndt positive suction head (NPSH) for pump
performanfe under system conditions with the least
NPSH margin
(2) pump total dynamic head (TDH) versus flow
(3) pump response time (time to reach rated flow)
(4) pump drivers do not trip under flow conditions
with the lefist margin to trip
(5) pump driver (as found) power requirements at
all flow conditions are within design assumptions for
normal and emergency power
(6) pump performance under parallel pump opera-
tion
(b) Ul
(1) am
(2) ES
(3) av

V-4.3.2 Instrumentation and Control Characteristics:
Include ESWS instrumentation and control characteristics
that affect system-level performance as system character-
istics in accprdance with the requirements of para. 4.3.2 of
this Part.

V-4.3.3
logic chara
dance with
Specific ES)

(a) logic
an ESFAS, |

(b) logic
start signal

(c) logic
component

hate Heat Sink

ount of heat required to be transferred
WS inlet temperature

hilable volume

pystem Logic Characteristies: Include ESWS
Cteristics as system characteristics in accor-
the requirements of-para. 4.3.3 of this Part.
VS examples of logicvare

that causes ESWS-"components to actuate via
CCS actuation signal, or blackout signal
that causes ESWS pumps to start on CCWS

associated with control of manually operated

D

requirements of para. 4.5.1 of this Part.

V-4.5.1.1 Preservice Test Prerequisites. |
prerequisites to preservice testing in@ccerdan
the requirements of para. 4.5.1.1 of-this Part.

dentify
re with

V-4.5.1.2 Preservice Performance Test. Deve
conduct tests to measure systemr performance in
dance with the requirements of para. 4.5.1.2
Part. In addition, address the following ESWS-spe
quirements.

Verify that the ESWS is in the normal system {
alignment or operation. Simulate an emergency adtuation
signal. Verify.that all valves realign to the requir¢d acci-
dent positionrand that the associated ESWS pumps are
operatingz,Verify system flow balancing for heat fransfer
requirenients is maintained.

Operate ESWSin each required cooling water ali
and pump combination as allowed by plant desig
each ESWS train as close as practical to design con
however, all heat loads are not required to be in
simultaneously. Verify that the required flow is a
on each branch line or serviced component of E

Perform final system flow balancing with avail
simulated heat loads. Heat loads not available dur
test should be estimated and allowed for in the
flow balancing. Repositioning throttle valves or j
flow orifices could significantly affect the flow bal
previous test results. Perform the applicable flow
when such modifications have been made.

Verify ultimate heat sink heat removal capabil
process described in paras. V-4.2, V-4.3, and V-
require review of applicable design and analytic
mation to determine which assumptions require
tion by testing to ensure their validity. The re
testing requirements will vary, depending on the §pecific

op and
accor-
of this
rific re-

tandby

bnment
n. Test
Hitions;
service
hieved
bWS.

able or
ng this
System
esizing
hnce or
testing

ty. The
1.4 will
1 infor-
erifica-
sulting

V-4.4 Establish Acceptance Criteria for Testable
Characteristics

Establish acceptance criteria for each system character-
istic in accordance with the requirements of para. 4.4 of
this Part.

316

destgm. Note that para: 4.5(b) of this Part alftows appro-
priate use of analysis to account for differences between
least margin and test conditions. Perform testing to vali-
date testable characteristics of heat rejection systems/
components for plants that rely upon man-made or
mechanical devices to reject heat to the environment,
such as cooling towers, spray ponds, constructed lakes,
or dammed lakes.
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V-4.5.1.3 Preservice Test Interval. Perform preser-
vice tests at an interval in accordance with para. 4.5.1.3 of
this Part.

V-4.5.2 Inservice Testing. Develop and conduct tests
to measure system performance characteristic in accor-
dance with the requirements of para. 4.5.2 of this Part.

V-4.5.2.1 Inservice Performance Test. Develop and
conduct tests to measure system performance in accor-
dance with the requirements of para. 4.5.2.1 of this

DIVISION 2, Part 28, Mandatory Appendix V

Operate ESWS in the accident alignment with each
required cooling water branch line and pump combination
as allowed by plant design. Test each ESWS train as close
as practical to design conditions; however, all heat loads
are not required to be in service simultaneously. Verify
that the required flow is achieved on each branch line
or serviced component of ESWS.

V-4.5.2.2 Inservice Test Interval. Perform inservice
tests at intervals in accordance with para. 4.5.2.2 of this
this Part is

Part _An allowable avrnph'r\h to para 45224

Part. Il addition, address the following ESWS-specific re-
quirements.

Verifly that the ESWS is in the normal system alignment.
Simulafe an emergency actuation signal. Verify that all
valves|realign to the required accident position and
that thle associated ESWS pumps are operating. Verify
that sygtem flow balancing for heat transfer requirements
is mairftained.

that verification of ultimate heat sink capahilif
be performed following any modification tha
corresponding performance requirements of
This exception is allowed provided there

evidence that the requirements of para.

been met at least once.

y need only
[ affects the
para. V-4.2.
s objective
V-4.2 have

317
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Part 28, Mandatory Appendix VI
Specific Testing Requirements of Instrument Air Systems in
Water-Cooled Reactor Nuclear Power Plants

ViI-1 INTRODUCTION

This Appendix, when used with this Part, requires
development of a preservice and inservice testing
program thpt provides reasonable assurance that instru-
ment air (I]A) systems perform in accordance with the
system des|gn basis over the life of the plant.

EstablisH this program using the requirements deli-
neated in this Part and the system-specific requirements
of this Apppndix.

VI-2 DEFINITIONS

aftercooling: process of removing heat and condensed
water from| compressor discharge air.

afterfilter: filter located downstream of compressed air
dryers, typically to protect downstream equipment
from desicdant dust or other particulates.

approach temperature: difference between exit air and
cooling meglium inlet temperatures.

automatic frain: device that automatically discharges
condensatg¢ from a moisture separator, typically by
action of a [float device or timer.

compressed| air dryer:

desiccantf compressed air dryer thatuses a desiccant to
remove majisture.

refrigeration: compressed airndryer that uses mechan-
ical refrigeration to remove, moisture.

dew point: femperature(at)which water vapor begins to
condense into liquid.

distribution| netwerk: piping and components that supply
compressed air-to end-use devices.

purge flow: desiccant regeneration air flow.

receiver (air): pressure vessel that contains d volunpe of air
or gas at an elevated pressure, as @aeservoir t¢ avoid
compressor short cycling, which gollects residual Jonden-
sate and oil droplets and reduces\pressure fluctuations in
an air system.

special service accumulator: backup air reservoir Jocated
near equipment, used to_supply compressed air ugon loss
of the normal sourcg,

VI-3 INSTRUMENT AIR SYSTEM TESTING
REQUIREMENTS

This'section provides specific direction for the first five
elenients of the test program outlined in para. 1.3.2 of this
Part for IA systems.

VI-3.1 Establish System Testing Boundaries

Establish the IA test boundaries using the following
information in addition to the requirements df para.
4.1 of this Part. Include within the test boundalries all
system functions described in para. 1.1 of this Part.

For the purposes of this Appendix, the IA system
extends from the compressor inlet air filter to, but not
including, the end-use device or system of devices (e.g.,
instrument, equipment prime mover).

Figure VI-1 shows a typical flow diagram of an [A[system
and identifies major components. For this Appendix, an IA
system is treated as three subsystems as followg:

(a) Compressor and Receiver. The compresgor and
receiver subsystem typically consists of compressor
inlet filter, compressor, aftercooler, receiver, and asso-
ciated drain traps and pressure-relief valvgs. The

intercooling-precessofeochngairbetweenstagesorstage
groups of compression.

moisture separator: device that removes liquid from an air
stream.

operational capacity: air flow required to maintain satis-
factory operation of an instrument air system.

prefilter, coalescing: filter that removes water and oil aero-
sols by combining the aerosols into larger droplets for
easy removal (typically installed ahead of a compressed
air dryer).

compressor and receiver subsystem compresses
ambient air to increase pressure to system design
values and transports it to a receiver where it is
stored for system demand surges. This subsystem
supplies pressurized, cooled, wet air to the dryer and
filter subsystem.

(b) Dryer and Filters. Compressed air is processed by
the dryer and filter subsystem of the IA system to remove
moisture, oil, and particulate contamination. Typically,
this subsystem consists of a coalescing prefilter that
removes oil, liquid water, and particulates; an air dryer
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that removes water vapor; and an afterfilter that removes
particulates. The dryer and filter system supplies clean,
dry air to the distribution network.

(c) Distribution Network. The distribution network
consists of the main air headers, branch lines, and accu-
mulators that supply compressed air to end-use devices
but does not include pressure regulators. The distribution
network must not contaminate the air supply, induce
excessive pressure drops, or leak excessively.

ASME OM-2020

(b) Dryer and Filter Subsystem
(1) prefilter, receiver, and afterfilter dP
(2) air dryer exit dew point
(3) particulate and oil content
(4) pressure
(5) flow rate
(6) temperature
(c) Distribution Subsystem
(1) pressure at the end use components
(2) initial receiver pressure

VI-3.2 Ide

Identify
systems w
the requirg
system exa
include the

(a) Con
receiver sy
air to the

Mtify SySternT Performance Requirements

system performance requirements for 1A
thin the established test boundaries using
ments of para. 4.2 of this Part. Specific 1A
mples beyond those of para. 4.2 of this Part,
following:

pressor and Receiver. The compressor and
bsystem supplies pressurized, cooled, wet
iryer and filter subsystem at the required
e and pressure.

VI-3.3 Identify Testable Characteristics That
Represent Performance Requirements

Identify
confirm sy
using the
Specific ex:

festable characteristics that can be used-to
stem performance requirements are met
requirements of para. 4.3 ofi\this Part.
mples of testable characteristics associated
with typigal IA system operationf{in“addition to
those in pafa. 4.3 of this Part, are dew, point, cleanliness,
demand ra‘E‘e, and pressure that(can be used to verify
the performance requirement of the end use equip-
ment.

VI-3.3.1
system cor
level perfor

Component Characteristics. Include 1A
hponent characteristics that affect system-
Imance as‘'system characteristics in accordance
with the refuirements of para. 4.3.1 of this Part. Specific
examples of ¢oniponent characteristics are

(3) pressure decay time

(4) dew point (at line pressure) at the-e
components

(5) particulate and oil content at the erfd use
nents

VI-3.3.2 Instrumentation and.Control (I&C) Charac-
teristics. Include IA systemiinstrumentati¢n and
control (I&C) characteristics that affect systein-level
performance as systenk characteristics in accordance
with the requirements‘of para. 4.3.2 of this Part

VI-3.3.3 Systém) Logic Characteristics. Incllllde 1A
system logic.characteristics that affect system-level
performancéyas system characteristics in accordance
with the-requirements of para. 4.3.3 of this Pprt. An
example of IA system logic is isolation of crojss-tied
safety and nonsafety systems.

nd use

fompo-

VI-3.4 Establish Characteristic Acceptance
Criteria

racter-
. 4.4 of

Establish acceptance criteria for each system chs
istic in accordance with the requirements of pard
this Part.

VI-3.5 Develop Test Procedures and Perfoim
Testing, Inspections, and Engineering
Analysis

Develop and approve test procedures in accgrdance

with para. 4.5 of this Part to verify that acceptance friteria
derived in accordance with para. 4.4 of this Part gre met.

VI-3.5.1 Preservice Testing. Develop and condy
to measure system performance in accordance W
requirements of para. 4.5.1 of this Part.

V|-3.5.1.1 Preservice Test Prerequisites-—1dentify

cttests
rith the

(a) Compressor and Receiver Subsystein

(1) inlet filter dP

(2) load and unload pressure setpoint

(3) after cooler and compressor outlet temperature

(4) compressor output flow, by means of a flow rate
meter installed downstream of the receiver

(5) pressure drop across the compressor inlet filter

(6) aftercooler dP and approach temperature

(7) compressor outlet pressure

(8) functionality of moisture separator and auto-
matic drains

320

prerequisites to preservice testing in accordance with
the requirements of para. 4.5.1.1 of this Part. In addition,
address the following IA system-specific requirements:

(a) Visually inspectair receivers for external damage. If
provided with a manhole, inspect internal receiver
surfaces for contamination and corrosion.

(b) Ifapplicable, check pneumatic controls using dry air
or nitrogen from an external source.

(c) Verify trap and drain valve functionality (receiver,
aftercooler separator, and compressor).
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(d) Operate the compressor in loaded mode to
(1) verify unload function
(2) verify operation of pressure and temperature
trips
(e) Run the dryer through one complete cycle to verify
control system and valve operation.
(f) Check for proper refrigerant and air heat exchanger
temperature.

VI-3.5.1.2 Preservice Performance Test. Develop

nduct tests to measure-sustem nerformancein
and co, Y P

DIVISION 2, Part 28, Mandatory Appendix VI

VI-3.5.2.1.3 Dryer and Filter Subsystem. Verify
compressed air is processed by the dryer and filter
subsystem to supply clean, dry air to the distribution
network at the required dew point, cleanliness,

demand rate, and pressure.
(a) Conduct the test for at least 8 hr, recor
1-hr intervals.

ding data at

(b) Maintain dryer and filter inlet conditions as close as

possible to design conditions including
(1) compressed air at design operating t

emperature

accordknce with the requirements of para. 4.5.1.2 of
this Paft. There are no specific requirements applicable
to preservice testing that are beyond those stipulated in
this Appendix for inservice testing. However, the testing of
para. I-3.5.2.1.1 need not be performed as part of the
preseryice testing.

Vi
vice teq
this Pa

3.5.1.3 Preservice Test Interval. Perform preser-
ts at an interval in accordance with para. 4.5.1.3 of
t.

VI-3/5.2 Inservice Testing. Develop and conduct tests
to meabure system performance in accordance with the
requirdgments of para. 4.5.2 of this Part.

VI13.5.2.1 Inservice Performance Test. Develop and
condudt tests to measure system performance in accor-
dance [with the requirements of para. 4.5.2.1 of this
Part. Inaddition, address the following IA system-specific
requirgments:

1-3.5.2.1.1 System Material Evaluation. Conduct
the following tests and visual examinations:

(a) Yisually examine all internal surfaces accessible
through inspection openings for corrosion, erosion,
and abpormal corrosion products.

(b) Yisually examine external areas of the air receiver
for physical damage, leakage from-pressure-retaining
compopnents, abnormal corresion products, erosion,
corrosjon, and loss of integrity of bolted and welded
connections.

(c) Nondestructive€xaminations may be performed as
an altefnative to the internal visual examination recom-
mendafions of fa).to ensure that vessel wall thickness
meets fequireients.

(d) Examine prefilter and afterfilter cartridges for
contanjination levels.

(2) test pressure at design pressure
(3) compressor outlet flow rate at requi
of the dryer and filters
(c) During the last 4 hr of the test, check d
from the afterfilter at 1-hr intervals for part
hydrocarbon contamination,
(d) During the last hour'of\the test, measu
drop across the filters (both pre- and after
across the air dryer.
(e) When purge-dir is derived from comj
determine purge-air usage either by direct flo
ment or by medsurement and comparison off
and inlet.flow of the air dryer.
(f) When a desiccant dryer is equipped wit
management system (moisture load controls
second test to determine the dew point at rej
Measure dew point at 1-hr intervals. For thd
(1) provide two full cycles of the dryer
(2) perform the testbetween 25% and 50
flow rate
(3) perform the test atinlet temperature
low as practical
(4) verify the energy management fung
tance criteria are met

VI-3.5.2.1.4 Distribution Subsystem

(a) Inaccordance with para. 4.4 of this Part
required minimum operational time for e
service air accumulator and the associg

ed capacity

Ischarge air
iculate and

re pressure
filters) and

bressed air,
W measure-
outlet flow

h an energy
, perform a

duced flow.
test

% of design

5 that are as

tion accep-

, establish a
hch special
ted check

valves upon loss of the main air system. Use the following

sequence for the pressure decay test for e
service air accumulator:

ach special

(1) With the accumulator at line operatipg pressure,

isolate the compressed air system supply.
(2) Vent the piping upstream of the a

ccumulator

VI-3.5.2.1.2 Compressor and Receiver Subsystem.
Achieve stable compressor operation as close as practical
to design conditions, and verify that the compressor and
receiver subsystem supplies pressurized, cooled air to the
dryer and filter subsystem at the required demand rate
and pressure. Perform reduced flow tests when the
compressor cycles at 4 load/unload cycles/hr. Verify
operation of the unloaded system. Verify functionality
of recycle and drain valves.
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(3) Determine the elapsed time for the accumulator

to decay to minimum acceptable pressure.

(b) Perform a static pressure decay test of the distribu-
tion subsystem to verify operational readiness.

(1) Before performing the test, place in

service and

align for normal operation all portions of the distribution

subsystem.
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(2) Inaccordance with para. 4.4 of this Part, establish
acceptance criteria for minimum operational time with
compressors tripped. Establish the system pressures at
unload and load setpoints.

(3) Verify compressor load and unload setpoints
with the compressor loaded and unloaded, with the
system at required air usage.

(4) Conduct the test with the compressor isolated
and air supplied to the system only from the receivers.

(c) Obtain air samples at the end of each major header

ASME OM-2020

VI-3.5.2.2.1 Compressor and Receiver; Dryer and
Filter. Additional test interval requirements for the
compressor, receiver, dryer, and filters are as follows:

(a) Conduct the system material evaluation tests of
VI-3.5.2.1.1(a) through VI-3.5.2.1.1(c) every 3 yr.

(b) Conduct leak testing using the pressure decay test
of VI-3.5.2.1.4(a) for special service accumulators and
associated check valves each fuel cycle.

(c) Conduct the inspections of VI-3.5.2.1.1(d) semian-
nually and at cartridge change out.

in the system and verify acceptable dew point, oil content,
and particylate content.

(d) Veriffy acceptable system pressure, and minimum
and maximum cycle pressure and time; measurements
should be made at the end of each major header.

VI-3.5.
testsatani
Part. See th
ments.

P.2 Inservice Test Interval. Perform inservice
hterval in accordance with para. 4.5.2.2 of this
e following for additional IA system require-

(d) Conduct the tests of VI-3.5.2.1.3(c) and VI-35.2.1.3

(d) quarterly.

VI-3.5.2.2.2 Distribution Network. Per
pressure decay test similar to that descri
VI-3.5.2.1.4(b) if compressor loadingindicates an it
in system leakage. Alternatively;df,the system h
measurement capability, moritor flow rates to i
leakage. Analyze and trend-the data to deter
compressor degradation or excessive system I
has developed since the’last test.

form a
bed in
icrease
hs flow
dentify
mine if
eakage
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Part 28, Nonmandatory Appendix A
Industry Guidance

Tabl
ence i
where
from 1
intend
lesson
used in|
mation|
(RGs),
experi
(INs) i

The

A-T In this Appendix contains operating experi-
formation. The information focuses on events
improved testing might prevent the system

ecoming degraded or unable to perform its
ed safety functions. Table A-1 summarizes

learned from this information, which may be
developing the test program. More detailed infor-

is also available in the individual regulatory guides
licensee event reports (LERs), INPO operating
ence reports (OEs), and information notices
lentified below.

information in Table A-1 is current through

January, 2007. Effort should be taken to utilize current

publish

ed industry operating experience.

The events summarized in Table A-T Inclu
tion on the systems addressed in this Partin
applicable lessons learned on other systems.
fell into the following ten categories baSed om
cause:

(a) inadequate instrumentation

(b) incorrect pump net positive suction h

(c) pump minimum flow recirculation ling

(d) pump gas binditig problems

Appendix A

He informa-
addition to
The events

proximate

pad

problems

(e) incorrect emergency diesel generator electrical

loading
(f) inadequate testing frequency
(g) inadéquate acceptance criteria
(h) inadequate post-modification testing
(i)-inadequate understanding of plant desj
() inadequate preoperational testing
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Table A-1 Operating Experience Information

Category

Issue

Source(s) [Note (1)]

Lessons Learned

ECCS instrumentation
inadequacies

Incorrect calibration for test
conditions

LER 50-397/92-014-01

Test instruments must be calibrated for expected
fluid temperature during testing.

Improper orifice plate flow
coefficients

LER 50-344/91-10-01

Use pump header flow measurements to confirm total
flow, and use branch line flow measurements for
balancing individual injection line flow rates.

Incorrect orifice plate K-factors
and flow transmitter
calibration

LER 50-272/90-14; LER
50-244/89-07; LER
50-259/88-07-01

Verify ECCS orifice plate K-factors are correct, and
correlate SI system flow transmitter calibration
data with the installed flow orifice plates.

Incorrectly installed and
deformed orifice plates

IN 90-65; IN 93-13

Verify beveled edge orifice plates are in-th¢ correct
orientation (direction). Check for flow-atjd
differential pressure induced deformation in
orifices used as flow restrictors to Jimit flgw rates.

Inadequate response time IN 92-33 Include existing ECCS pressure-sensing insfrument
testing of instruments with snubbers in the test configuration when [testing
pressure dampening devices instrument responsedtimes.

Pump net pogitive suction | Insufficient net positive suction | IN 88-74 Address the effects.6f-potential inadequate|NPSH

head

head

when ECCS pumps’ are aligned to simultgneously
take suction from the discharge of other|pumps
(piggy-bagk,alignment for PWRs).

LER 261-97008

System testing should address all potential|(normal
and\ off-normal) system alignments.

Inadequate surveillance of IN 96-10 Three of four sumps contained debris in th¢ bottom
containment sump below the suction pipe for ECCS systems. Tyo of the
four lines taking suction from the sump pere
partially blocked.
Insufficient net positive suction | NRC Bulletin 96-03; RG | Address the effects of potential inadequate spction to

head due to strainer plugging

1.82 Rev 2;-NUREG/
CR-6224

the ECCS pumps when aligned to take suctjon from
the containment sump.

High pump suction pressure

LER 50-327/91-23

Verify maximum ECCS pump suction pressuile during
piggyback alignment is not excessive. Exfessive
pressure might lift relief valves and result |n loss of
coolant outside containment.

Insufficient suction head
conditions on turbine'driven
pumps

LER 305-05008

System tests to assure acceptable flow and{NPSH
conditions.

Inadequate undefstanding of |IN 98-40 Incorrect understanding of level instrumenf datum
design basis and uncertainties and post-accident pumjp flow
rates may result in inadequate NPSH.
Impactof NPSH due to addition | IN 2002-18 Addition of gas to water storage tanks can fesult in

of.gas

inadequate NPSH.

Pump minimyim flow
recirculatidn line
problems

Deadheading one of two ECCS
pumps in systems having a
common miniflow
recirculation line for both
pumps

IN 87-59; LER-305-
02001; OEI0478

Consider the potential for pump operation |near
shutoff head causing deadheading of the|weaker
pump when pumps operate in parallel aljgnment.

Miniflow recirculation line

IN 87-59

Verify ECCS pump miniflow recirculation.

Flowcapacity

timesraveadequate
flow capacity for
multiple pump
operation
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Table A-1 Operating Experience Information (Cont’d)

Category

Issue

Source(s) [Note (1)]

Lessons Learned

Pump gas binding

Accumulator nitrogen binding

IN 89-67

Minimize the effects of nitrogen injection into the RCS
when performing full flow RCS accumulator check
valve testing by
(a) testing the valves after refueling rather than

during shutdown prior to refueling
(b) determining if it is appropriate to test the check

valves with fuel in the reactor vessel
(c) reducing accumulator nitrogen pressure or
remove the reactor vessel head

Gas intrusion

IN 88-23 Supplement 3:
LERs 50-455/91-12,
455/90-35,213/90-
08 INPO SER 2-05

Periodically check the ECCS for gas(uildup and vent
the systems. This is in addition to,any periodic TS
required venting of pumpcasing and discharge
piping.

Air intrusion IN 2006-21 Inadequate determination,of BWST sWitchover set-
points results in airsintrusion to ECCS.
Incorredqt emergency diesel | Emergency diesel generators |IN 93-17 Test EDG startingand loading logic dyiring ECCS

generfitor electrical
loading

do not respond to all LOOP
and LOCA sequences

testing to yerify they will respond cprrectly to all
credible,OOP and LOCA sequences.|This includes
EDG léading following a LOOP when |no postulated
accident occurs.

Emergency diesel generator
loading

IN92-53;IN 91-13; LERs
50-247/89-06, 286/
89-10

ConsSider worst-case conditions (frequency, voltage,
electrical power factor, and the envirgnment) when
testing EDG load shedding and loadifg. Verify EDG
loading for all ECCS modes.

lnadequrte acceptance
criterfa

LER 50-325/96-006

Head losses necessary to account for the difference in
the surveillance flow path versus the normal
reactor vessel injection flow path were not
adequately included in establishing the acceptance
criteria.

Nonconservative acceptance IN-97-90 The licensee concentrated on 1st reqyirements
criteria in SR pump without ensuring the design requir¢ments were
surveillance test met. Acceptance criteria based on ASME

component limits that were less linjiting than
design basis requirements.

Surveillances do not test and | OE-19856 Surveillance tests do not test and verify acceptable

verify acceptable“system
resistances

system resistance to ensure the minijmum required
flow.

Failure ter consider line
resistance results in
overestimated pump

LER 213-95022

Surveillance test acceptance criteria nded to address
available plant conditions during tepts.

performance
Limited flow test range is 0E6615 Testing range must include minimum gnd maximum
inadequate to confirm flow acceptance criteria.
acceptable performance
Inadequpte posts; IN 96-15 Numerous modifications were made t¢ components

modifjcation‘testing

that operate from both main contrdl room and
remote shutdown panel. Post-modification testing
ofthe components had notincluded operation from

the remote shutdown panel, nor were any periodic
surveillance tests performed on the remote
shutdown panel.

Rebuilt pump performance
exceeds nonrebuilt pump
performance

LER 387-99066; OE-
10478

Inadequate post modification testing (all mode of
operation) did not reveal design deficiency.

Inadequate testing
frequency

IN 93-13; LERs 50-455/
90-07, 483/91-03

Consider increasing the frequency of SI system total
flow testing and branch line flow testing to balance
individual injection line flow rates.
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Table A-1 Operating Experience Information (Cont’d)

Category

Issue

Source(s) [Note (1)]

Lessons Learned

Inadequate understanding
of plant design basis

Inability to achieve system
design basis flow

LER 483-02002

Calculation error in establishing system flow
requirements (incorrect basis) resulted in
incorrect recirculation flow and unacceptable
delivered flow.

Lack of technical qualifications
of personnel

LER 315-99023

The design basis requirements for ESW availability
during an accident were inadequately understood.

Testing configurations violate | OE 10153 Test alignments should not violate mode dependent
mode required system/ technical specification requirements for system or
Component availabiiity COMpONent operability.

Inadequate assessment of IN 2000-08 Safety related pumps may operate under-eqnditions
effect of differential where either the pumped fluid undergoep a large
temperatures on safety temperature change or there is alarge temperature
related pumps difference between the pump\fluid and gooling

water. These situations cah lead to pump dq@mage or
cause the pump to trip, if not adequately]
incorporated into_design.

Downstream effects of sump | GL 2004-02 Sump debris that{asses through sump scrpen may

debris

result in blockage or damage to downstream
equipment.

Inadequate pfeoperational
testing

Preoperational testing did not
address all operating modes

LER 423-96029

Testing did not address recirculation piggytback
alighment resulting in pump runout.

NOTE: (1) Soprces listed in Table A-1 are available through the Nuclear Regulatory Commission at www.nrc.gov/reading-rm/doc-collections/.
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This|Appendix provides additional guidance on identi-
fying the following system characteristics and verifying
that thpir acceptance criteria are met:

(a) ECCS accumulator discharge flow path resistance

(b) pump total dynamic head (TDH) versus flow

(c) Jump discharge flow path overall resistance

(d) balanced branch line resistance

B-2 VERIFYING ECCS ACCUMULATOR DISCHARGE
FLOW PATH RESISTANCE IN PWRS

Verifiication of this system characteristic involves filling
each agcumulator to a sufficient level and pressure to
accomplish the required testing, and individually dischar-
ging edch into the reactor coolant system (RCS). Use the
dischaige flow rate and differential pressure between the
accumulator and the RCS to calculate discharge flow path
resistahce. The discharge flow rate may be calculated from
the chpnge in accumulator water level versus time
measufements. Collect the data once the line isolation
valve is fully open. The testing should be-performed
with spfficient accumulator charge and.inventory to
allow dpening of all in-line check valves\to their design
basis flow position for sufficient dutation to collect the
necessary data.

B-3 T)YPICAL PROCESS,SUBSYSTEM

A typical process subsystem is shown in Figure B-1 to
support the discussieni$ in sections B-4 through B-7. The
subsystem is shown'with the pumps aligned to distribute
to the sprviced components by means of four branch lines.
The isdlatedspaths represent additional normal or post-
accidenjt distribution paths that may be isolated during the
test. Inkddition, the subsystem may have pump minimum

System flow (e.g., inadvertent ECCS actuatid
generator overfill). The minimum and
system flows establish limits on the)Sys
minimum required and maximum allowa
mances. These limits are the aceeptance crif
system characteristic of pump TPH versus f]

Distribute the TDH versu$.flew data points
possible between miningin and expected flo

n or steam
maximum
tem pump
ble perfor-
eria for the
ow.

hs evenly as
v rates. For

critical portions of the pump curve, take additional data

points as needed. This data may be obtaiy
temporary alighment or dedicated test ret
lieu of the deSighed system flow path. Accepts
developed i accordance with para. 4.4 of this
minimunivand maximum TDH versus flow.
graphically illustrates correction of measur
instrument accuracy as described in para.
Part. Figure B-3 illustrates the same data

analysis limits corrected for instrument 4
described in para. 4.4 of this Part. Both figur
acceptable test results.

B-5 VERIFYING DISCHARGE FLOW PAT|
RESISTANCE

The system flow rates used in the syster]
analysis are a function of the pump pel
system resistances, and system boundary

ed using a
urn line in
nce criteria
Part will be
Figure B-2
ed data for
4.4 of this
boints with
ccuracy as
bs illustrate

H

h hydraulic
formance,
conditions,

including parallel flow paths. The min

imum and

maximum flow rates used in the event apalysis will
place limits on the pump discharge flow path resistance
and branch line balance. In addition, minim limits on
system resistance may be necessary in ordey to prevent
pump runout (e.g., for PWRs, during long-term core
cooling operation when ECCS pumps may Qe operated
in series). These minimum and maximun] limits are
the acceptance criteria for the system chargcteristic of

recirculation flow paths, which are not shown in this
Figure.

B-4 IDENTIFYING AND VERIFYING PUMP TDH
VERSUS FLOW ACCEPTANCE CRITERIA

The system hydraulic analysis for a given event or
system alignment is based on system delivered flow as
a function of boundary conditions specific to that event
or alignment. Some analyses use minimum system flow
(e.g., small break LOCA) and some use maximum

pump discharge flow path resistance.

Consider paths that may divert flow from the desired
flow path when verifying system resistance. Examples of
such paths are pump minimum recirculation paths,
reactor coolant pump seal injection paths, unisolated
nonessential component cooling water paths, and
supply paths to other pumps during series pump opera-
tion. Establish minimum resistance limits for these diver-
sion paths to ensure minimum desired flow and to prevent
pump runout. Establish maximum limits to ensure that the
diversion flow paths support their design function. These
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Figure B-1 Typical Branch Line System
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Figure B-2 Verifying Pump TDH Versus Flow: Correction of Measured Data for Instrument Accuracy

Maximum TDH vs. flow
(analysis limit)

Measured data point corrected
for instrument accuracy

\ Minimum TDH vs. flow

(analysis limit)

TDL

Flow
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Figure B-3 Verifying Pump TDH Versus Flow: Correction of Analysis Limits for Instrument Accuracy

TDH

e
Minimum TDH vs. flow

(analysis limit)

Maximum TDH vs. flow
(analysis limit)

AN
\\/_

x Maximum TDH vs. flow~corrected
° for instrument accuracy

\ Measured data. point

MinimumTDH vs. flow corrected
for,instrument accuracy

minimfiim and maximum limits form acceptance criteria
for the|individual diversion flow path resistances.

Verification of this system characteristic, for the
subsyskem pictured in Figure B-1, involves operating
either pump while recording pump discharge;pressure,
P or P}, as appropriate, total pump flow, Q, and calculating
back pfessure, P3. Discharge flow path overall resistance,
4, is then calculated as follows:

PL-Py (By— Py

Kmeasur

K

Flow

upon fluid velocity and temperature. If the f]
and temperature at the test conditions vary 4
from design conditions, use of the above equat
be appropriate without modification.
Typically, the calculated Keasureq USing eit
or Pump 2 will be about the same; therefor
pump need be tested. Compare the nonco
paths to confirm this. A stronger pump will h3
ating point on a given system that will resul

hid velocity
ignificantly
ion may not

her Pump 1
e, only one
mmon flow
Ve an oper-
It in higher

measured = 5 ) pump discharge pressure and correspondihgly higher
qumpl qumPZ flow such that K easurea Will be the same §s in a test
using the weaker pump.
where Acceptance criteria developed in accordande with para.
K = discharge{low path resistance 4.4 of this Part will be Kinimum and Kpaximun- Discharge
Py, Ho = pump discharge pressure flow path resistance can be plotted as a system|curve using
H; = back pressure the relation
) = total\pump flow rate )
H = KQ
This jequation results from an application of Bernoulli’s e
equation between the pump discharge and the point
where P3 is measured. The equation assumes that H = h?ad .
: . . - K = discharge flow path resistance
changes in elevation and velocity heads are negligible 0 = flow

in comparison with changes in static pressure head.
This assumption is often appropriate to high head
pump systems, but should be verified for the specificappli-
cation. The changes in static pressure head are attributed
to unrecoverable friction and form losses. These are
expressed as the product of a hydraulic resistance and
the square of the flow rate. In general, the hydraulic resis-
tance is a function of Reynolds number and is dependent

329

Figure B-4 illustrates correction of measured data for
instrument accuracy, while Figure B-5 illustrates the same
measured data with analysis limits corrected for instru-
ment accuracy. Both figures illustrate acceptable test

results.
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Figure B-4 Verifying Discharge Piping Overall Resistance: Correction of Measured Data for Instrument Accuracy

H=K 4 02

H = Kmeasured Q2 corrected upward measure

for instrument accuracy

H = Kmeasured @2 corrected downward
/ for instrument accuracy
H = Kmax @2 /
(analysis limit) —— / H = Kmin Q?
/ (analysis limit)
X
o
©
5]
T
Flow, Q
Figure B-5

Verifying Discharge Piping Overall Resistance: Correction of Analysis Limits for Instrument Acguracy

H=K q Q2
H = Kqax Q2 correctéd for measure

instrument accuracy H = Ky, Q2 corrected for
_\ / instrument accuracy
H = Kinax Q2 —»/ /

(analysis limjt) /

I H = Kmin Q2
/ (analysis limit)

Head, #

Flow, Q
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B-6 VERIFYING BALANCED BRANCH LINE
RESISTANCE

Meeting the system performance requirement for deliv-
ered flow may require a defined balance between system
branch lines. Typically this performance requirement is
defined as a relative difference in branch line hydraulic
resistance, which can be difficult to measure on individual
branch lines. Therefore, balance acceptance criteria can be
expressed in terms of an allowable difference in either

DIVISION 2, Part 28, Nonmandatory Appendix B

from analysis limits before using these limits as criteria
against measured data.

B-7 SYSTEM ADJUSTMENTS

B-7.1 Acceptance Criteria: Section B-4

If the testing described in section B-4 does not meet
acceptance criteria, the available options are to
(a) rework or replace the pump and retest.

branchptimre-flowratesortire retated pararmreter ofdiffer= an) if pHCCik]a' refine-the q“"lym‘c on-which the accep-
ential pressure (dP) across branch line flow elements. tance criteriaare based such that the measured data meets
For the system pictured in Figure B-1, verifying the the revised acceptance criteria. In mostecases| the system
system| characteristic of balanced branch line resistance flow rates are a function of pump performapce, system
requir¢s operating either pump while recording flow overall resistance, and branch linebalance. Th¢ acceptable
element differential pressures dP1, dP2, dP3, and dP4. limits of one of these characteristics may be relaxed to gain
If the dcceptance criterion is a relative flow difference ~ margin by restricting théccceptable limits of the
betwedn branch lines, branch line flows are calculated remaining characteristics:
using the relation ~ . .
T B-7.2 Acceptance.Criteria: Section B-5 por B-6
U ¥ If the testingddescribed in section B-5 or B-6 does not
where meet acceptance criteria, the available optiohs are to
¢ 4 flow coefficient (a) re-orifice (or adjust throttle valves) and retest the
dP 4 flow element differential pressure system asrequired to meet the discharge flow path overall
Q 4 calculated pipe flow rate resistance and balanced branch line resistancgacceptance
criteria. In the system depicted in Figure B-1, this is accom-
and th¢ relative flow difference is compared against the plished by adjusting the four throttle valves downstream
acceptdnce criterion. If the acceptance criterion is relative. @ ©f the flow elements.
allowable dP difference, the relative test dP difference. is (b) refine the analysis per B-7.1(b).
compalred against the acceptance criterion. In*this The final result of implementing sections B-4 through B-
instande, meeting the requirements of para. 4.4°6f this  / for @ system is graphically depicted in Figufe B-6. Note

Part fdr instrument accuracy would requireradding a
correctfion to measured data before comparingto criteria
representing analysis limits or subtractihg a correction

that this Figure does not include any corrections for

instrument accuracy.

331


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

DIVISION 2, Part 28, Nonmandatory Appendix B ASME OM-2020

Figure B-6 Measured Subsystem Operating Point and Range of Operating Points Allowed by Analysis Limits

= 2
H= Kmax Q2 (analysis limit) 7 / H = Kneasured Q

<— H = Kinin Q2 (analysis limit)

Head, #
'

Maximum TDH vs. flow
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]
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Part 28, Nonmandatory Appendix C
Measurement Accuracy of System Characteristics

UND known. The purpose of this Appendix 1s.t¢ provide a
. i method of determining the accuracy of derivé¢d variables
Accyracy is defined as the closeness of agreement (0, TDH, or K) based on the accuracie$.of the measured
betweeén the result of a measurement and the true input variables.
value df the measured parameter. Accuracy statements
f(')r instruments are usually given as a percentage of C-2 NOMENCLATURE
either the upper range value (URV) or the true value.
At a single measurement point, there are three sources The following symbols‘and units are used
of errdr. The average of many readings may be offset (Acc)y = accuracy of variable, Y
from the true value (bias error), the readings may be D = orifice bore diameter, in.
randorhly scattered about the offset (precision error), Dp = discharge pipe inside diameter, In.
and on¢ reading may fall well outside the majority of read- Dp = pipeésinside diameter, in.
ings (optlier error). It is the combination of the first two Ds =(suction pipe inside diameter, in.
types df error that establishes the accuracy of an instru- d>= total differential operator
ment. g-= acceleration of gravity, ft/sec?
If anfinstrument is to be used over a range of operation, h;, = system head loss, ft
it is posible to develop a calibration curve that accounts K = orifice flow coefficient
for the firectional bias error. Then the calculation of accu- Nr = Reynolds number
racy refluces to the calculation of precision. However, this P = pressure, psig
is not yisually done for economic reasons. Instead, most Pp = system back pressure, psig
instruments are type-tested to establish a reference accu- Pp = pump discharge pressure, psig
racy emvelope that incorporates precision, directional Ps = pump suction pressure, psig
bias, apd bias error range over a specified fange of the Q = flow rate, gpm
measured variable. The limits of the envelope are specified T = temperature, °F
as a percentage of the URV or reading. Aceuracy envelopes TDH = pump total developed head, ft
are deyeloped for reference conditions/and apply within Vg = velocity at system exit, ft/sec
stated [limits on ambient temperature, humidity, flow Vp = velocity at pump discharge,® ft/dec
profile| etc. If the instrument-is-installed in conditions Vs = velocity at pump suction,® ft/sed
outsidp the stated limits~ef-the reference accuracy v = specific volume, ft3/lbm
enveldpe, additional bras”or precision errors may Zp = elevation at system exit,? ft
result. These sources of errors are referred to as “influence Zp = elevation at pump discharge,? ft
quantities.” In this.Appendix, it is assumed that accuracy Zs = elevation at pump suction,? ft
envelopes existfor the instruments and that instruments a = volume expansivity
are used withintheir reference range or adjusted for influ- B = diameter ratio
ence qantities. PBr = isothermal compressibility
Systém\characteristics are variables or attributes that AHp = difference in pressure head, ft
can be verified by direct measurement or data reduction. AHy, = difference in velocity head, ft
The values of some system characteristics cannot be AH, = difference in elevation head, ft
directly measured but can be verified by data reduction. AP = difference in pressure, psid

Pump total dynamic head and system resistance are exam-
ples of characteristics that cannot be directly measured,
but can be calculated from other directly measured pa-
rameters such as pressure and flow rate. Nonmandatory
Appendix B discusses methods for verifying that
measured system flow (Q), pump total developed head
(TDH), and system resistance (K) meetacceptance criteria,
assuming the accuracy of these variables (Q, TDH, or K) are

333

! This designates the elevation corresponding to the pressure measure-
ment. This is usually the elevation of the pressure gauge or transmitter.
However, occasionally, adjustment is made for the elevation head
between the pressure tap and the pressure gauge or transmitter in
the calibration; in this case, the elevation of the pressure tap should
be used.

2 This designates the velocity in the fluid stream at the location of the
pressure tap.


https://asmenormdoc.com/api2/?name=ASME OM 2020.pdf

DIVISION 2, Part 28, Nonmandatory Appendix C

u
0

dynamic viscosity, lbm/ft-sec
partial differential operator

C-3 SENSITIVITY COEFFICIENTS

The reference in para. 3(c) of this Part provides the
following methodology for determining sensitivity coeffi-

cients. This
parameters
When an

methodology will be applied to various system

equation is used to calculate a quantity (Y)

ASME OM-2020

(Acc)y

+ {[XM(ACC)M]Z + [XV(ACC)V]Z

}1/2

C-4 ACCURACY OF DIRECTLY MEASURED
VARIABLES

In this Appendix, pressure, differential pressu
temperature are treated as fundamental me

+ [XW(ACC)W]2 + ..

re, and
asured

based on
v, w,..),an
can be used
able on the
pendent, th
represente

The total
tials of the

Dividing
the form

where

and du is tf
u
If the fur

then

<l 1 £ 4 ralal L
eastred-rattesof-twoor-more—variables{i;
athematical entity called the total differential
to determine the individual effect of each vari-
final result. If the pertinent variables are inde-
en the general functional relationship can be

as

Y=f(u; v, w,

)

differential is the sum of the partial differen-
independent variables

dy = a—Ydu + d_de + d_de + ..
ou ov ow

the equation for dY by Y yields an equation of
Y 0
A
Y u v w
aY
_u¥ _ ¥y
Y ou Ou
u
le fractional change in u.

ctional relation is of the-form

Y= Culvmwn...

u

v

<=

l
m
n

w

If each in|

striment is corrected for the directional bias,

fluid properties or system parameters. It is(ag
that the measurement accuracy of these param
known and can be expressed as a fraction 6f the me
parameter. This means that terms such.asdP/P, d(/
and dT/T are known. The accuracy of these variab
vary considerably based on suchthings as

(a) range of instrument

(b) method of processingsignal

(c) method of displaying signal

(d) calibration frequency

(e) relation between calibrated (reference) cor
and test conditions/(influence quantities)

C-5 ACCURACY OF DERIVED VARIABLES

Fluid properties, such as specific volume, are
minéd from a correlation (steam tables) that
the derived property (v) to fundamental measure
erties such as pressure and temperature. The a
with which specific volume is known is made up
following three parts:

(a) the accuracy of the correlation between
volume and pressure and temperature

(b) the accuracy with which fluid tempera
known

(c) the accuracy with which fluid pressure is

The firstaccuracy is associated with the correlati
the latter accuracies are associated with the proce
able measurements. The overall accuracy can be
as

(ACC)V = (ACC)Correlation + {[XT(ACC)T]Z + [XP(ACC)I

sumed
pters is
asured
\P) /AP,
les will

ditions

deter-
relates
d prop-
curacy
of the

pecific
ture is
Known
on, and

5s vari-
written

]2}1/2

or each instrument is operating within its accuracy
envelope, the accuracies of the various measuring instru-
ments may be combined by the square-root-sum-squares
(SRSS) method to estimate the total measurement accu-

racy:
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where
X =0T
X, = — frP
1 ov ..
a = ——— (volume expansivity)
v oT

Pr

1
- —s—; (isothermal compressibility)
v
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C-6 ACCURACY OF FLOW RATE

This Appendix assumes that flow rate is measured with
an orifice or other device that relates flow rate to a
measured pressure change by an equation of the form

Q = SKD>/vAP , where S is a constant.
The overall accuracy can be expressed as

(ACC)Q = + {[XK(Acc)K]Z + [XD(ACC)D]Z

1.2
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the specification tolerance; therefore, it is usually reason-
able and conservative to use the specification tolerance for
computing the bore diameter accuracy.

C-6.3 Orifice Differential Pressure

Orifice differential pressure is directly measured and
the directional bias is applied if the instrument is not oper-
ating within its accuracy envelope. Therefore, the accu-
racy of the differential pressure measurement is known.

+ [XAP(ACC)AP]Z + [XD(ACC)D]Z}

where

Xp=2

1
X, = —
L)

1
Xpp = —
AP 2

The freatment of the above variables is discussed in the
followihg paragraphs.

C-6.1 [Flow Coefficient

The flow coefficient can be obtained from either a cali-
bratior] curve for the specific flow element installation ora
correlaftion for a reference installation of the general type
of flowfelement (e.g., concentric square-edged orifice with
flange faps). Deviations from the calibration or reference
installgtion (e.g., proximity to elbow, concentricity re-
quirenments, etc.) or application (e.g., diameter ratio
limits, pipe size limits, or Reynolds numbeér limits, etc.)
requir¢ associated bias factors (influience quantities).
To emphasize that the influence of installation or applica-
tion mpst be considered, a separate bias term will be
shown|for the flow coefficient:

Sincg the flow coefficientis'a function of the Reynolds
numbe} and other parameters, the overall flow coefficient
accuragy consists of a‘calibration or correlation accuracy
plus ar} accuracy associated with the input parameters.
Since the Reynolds number depends on specific
volumg, the flow coefficient accuracy is dependent on
the spdcificvolume accuracy. However, in most applica-
tions, the'effect of input variable (Reynolds number,

C-6.4 Specific Volume

This is treated in detail in section C:5,

C-7 ACCURACY OF PUMP TDH

The pump developed head can be calcylated from
measured variables by the-following equatign:

Vi - V3

TDH = 144V(PD — Ps) + (ZD - Zs) + 3
4

This can be written as
TDH = AHp + AHy + AHy

where
AHp = difference in pressure head, ft
AHy = difference in velocity head, ft
AH, = difference in elevation head, ft

Assuming the accuracies of the suction anfd discharge
pipe diameters are the same, the overall accurficy in pump
TDH can be expressed as

1/2
[XV(ACC)V]2 + [XPD(ACC)PD]2

2 2
(Ac)rpy = £+ [XPS(ACC)PS] + [XAz(ACC AZ]

+ [XQ(ACC)Q]Z + [XDP(ACC) DP]Z

where
AHy
TDH

XDp =

diameter ratio, etc.) accuracy on overall flow coefficient
accuracy is negligible compared with the calibration or
correlation accuracy. If this is not the case, the flow coeffi-
cient accuracy associated with the accuracy of the input
variables must be taken into account.

C-6.2 Orifice Bore Diameter

The orifice bore diameter can be determined from as-
built drawings or manufacturing specifications. Generally,
the uncertainty in the as-built measurement is less than

AHy( Pp
*Pp = 1om |y — g
TDH\ Pp — Pg

o _ AHp(_ P
Ps = TpH| Pp — P
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Xq = Zﬂ Each of the above terms is independent and can be
TDH combined by the SRSS method to estimate the total
measurement accuracy.
1/2
= ﬂ [X (Acc) ]2 + [X (Acc) ]2
Y TDH VAT Pp\Ac)py
2
(Ac)p =+ 1+ [XPB(ACC)PB] + [XAz(ACC)AZ]Z
Xy, = Mz 2 2
£z = oo +[xqc), |+ |xp,(ac)y, |
The following observations are made concerning this where
expression.|First, the sensitivity coefficient for discharge
pressure a¢curacy is much greater than the sensitivity Xp, = AHy
coefficient for suction pressure accuracy. The discharge P hy,
pressure weighting factor is usually slightly greater AHp( Pp
than unity| and the suction pressure weighting factor Xpp = hL[pD_pB)
approacheq zero. Second, the sensitivity coefficient for Ak p
the accurady of the elevation difference between pump Xpp, = J[—D)
discharge gnd suction pressure instrument locations is fi \Pp—"Pp
the ratio df the elevation difference to the pressure % = Z(Aﬂ _ 1)
head. This [value is usually extremely small compared Q hr,
to the weighting factors for pump suction and discharge AHp
pressure njeasurement. Third, the accuracy of velocity Xy = T
head is brjoken into two terms: the accuracy with AHy
which the [flow rate is known and the accuracy with Xaz = h
which the $uction and discharge pipe inside diameters
are known| The weighting factor for both these terms It is noted that system head loss is composed pf both
is a multiple of the velocity head-to-pressure head _“form losses and frictional losses. In general, each ¢f these
ratio. The last term is usually very small relative to.\) jsses depends on Reynolds number and other vafiables.
other terms. For most applications, the accuracy of the  Therefore, attention must be paid to differences bptween
pump TDH measurement will be dictated by the aceuracy  test conditions and operating conditions when devloping
of the discharge pressure measurement. and applying test criteria for system resistances
C-8 ACCURACY OF SYSTEM RESISTANCE C-9 EXAMPLE EVALUATION OF PUMP TDH
The safety injection system pump.diseharge head loss ACCURACY
can be calcyilated from the measured-system parameters This section provides a sample evaluation of the accu-
by the follqwing equation: racy of the measurements of pump performange. The
purpose is to illustrate use of the methodology provided

hy =

VE - V3
144v(P, — PR) 4XZp — 7p) + 2B

hL = AHP + AHZ + AHV

in this Appendix.

C-9.1 Evaluation of Accuracy of Measurement of

Pump Performance

Section C-7 provides the following equation for

deter-

where
AHp
AHy
AH,

difference in pressure head, ft
difference in velocity head, ft
difference in elevation head, ft

The safety injection system resistance is defined as

h
K=_L

2
Qg1
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mining the accuracy of pump TDH.

[Xv(Acc)v]z + [XPD(ACC)PD]Z

(Act)ppy = +

2

+ [XQ(ACC)Q]2 + [XDP(ACC)DP]

+ [XPS(ACC)PS]Z + [XAZ(ACC)AZ]Z

1/2
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