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ARSTRACT

This eighteen-chapter, three-yplume study evaluates the various nonce-
structive examination {NDE} technigques now used to detect fiaws in components
of nuclear systems so that the roliability of the fechniques may be increased.
The significance of flaws at varicus locations in pressure boundavy components
are assessed along with ways to optimize the NOE procedures needed to deteci,
iocate and size them. Emphasis is placed on an integrated program which also
consigers design, fabhrication procedures, and materials. The data available
on the reliability of detecting, locating and sizing flaws by NDL are used to
construct & probabilistic fracture mechanics model. The model highiights lhe
significance of the failure to detect flaws, and to accurately locate or size
tnem in the context of component failure probability.

This study was concucted under the U.5. Nuciear Regulatory Commission
program on the “Integration of NDE Reliability and Fracture Mechanics.®™ Itls
objectives inciuge 1) improving examination procedures for incorporation into
the American Seciety for Mechanical Engineers {ASME}, Boiler and Pressure
Vessel Codes, Section LII, V, XI; and 2) gaining a better insight into the
influence ot improved reliability of NOL in detecting, locating and sizing
flaws on component ¥ailure probabilities.






CORTENTS 8Y VOLUMES

VOLUME 1
ABSTRACT . . . . . . . . . . . . P11
ACRONYHMS | . . R , . . . . . . . vii
ACKNOWLEDGMENTS . . . . . . . . . . %1
CHAPTERS
1.0 JUSTIFICATION, PURPOSE BND SCOPE . . . . . 1.0
2.0 NATIONAL AND INTERNATIONAL REGULATORY AND CODE
REQUIREMENTS RELEVANT TO INSPECTION AND
ACCEPTANCE/REJECTION OF FLAWS IN NUCLEAR
PRESSURE BOURDARY COMPONENTS . . . . . 2.0
3.0 DETECTION, LOCATION AND SIZING {The Pressure
Yessel Research Commitige Program) . . . . 3.0
4.0 FLAW DETECTIDN . . . . . . . . 4.0
5.0 FLAW SIZING AND LOCATION . " . . . " 5.0
5.0 FLAW S1Z2IRG AND LOCATION--ADVANCED TELHNIGUES | . 5.0
VOLUME I
ABSTRALT . . . . . . - . . . . . it
ACRONYMS | . . . . . . . . . . . ¥ii
ACKNOWLEDGMENTS . ; . . . . . ; . . xi
CHAFTERS
7.0 ULTRASDNKIC £Qﬁ§P?EﬁT~~CHAR&£T£§IS? {5 AND
LIMITATIONS | . . . . R . 7.0
8.0 FLAW DETECTION AND SIZING--THEDRETICAL BACKGROUND . 8.0

9.0 NOE--FOR MEASUREMENT OF PHYSICAL AND MECHANICAL
PROPERTIES . . . . 5.0

9A.0 MATHEMATICAL DERIVATIONS OF EQUATIONS FOR
SECORD~ AND THIRD-ORDER ELASTIC CONSYANTS . . 94,0



10.0 FAILURE STATISTICS AND FLAW SIBRIFICANCD . . . 18,0

13.0 RELEVANT STATISTICAL AND PROBABILISTIC MODELS . . il.0
VOLUME T]1
ABMTRACT . . . . . . . . . . ) R iii
ACRONYMS . . . . . . . N . . . . yii
ACKHOWLEDGMENTS . . . . . . . . . . %3
CHAPTERS
12.0 PROBABLLISTIC FRACTURE MECHANICS | . . . . iz.0

13,0 FACTORS INFLUENCING RELIABILITY OF FLAW
BETECTION . . . . . 13.¢

13A.0 PROBABILITY MUDELS FOR RELIABILITY OF FLAW
DETECTION . . . . . . . . . 13A0

138.0 ELASTIC WAVE PROPAGATION ARD VELOCITY, SLOWNESS
AND WAVE SURFALLS | . . . . . 13B.O

14.0 THE ASME COOES: TESTING TECHNIQUES, ANALYTLIC
PROCEDURES AND SUGGESTED MODIFICATIONS . . . 14.0

15.0 CONCLUSIGHS AND RLCOMMENDATIOND . . . . . 1%.0

¥i



ACRS
AD
Al-RHP
AE

AEC
ALCINRC
gy
AR

ALN
ANL
ARPA
ASME
A¥G

DWR

ACRONYMS

Advyisory Committee on Reactor Safequards
Arbeitsgemeinschaft Uruckbehditer
Arbettsaemeinschaft Druckbehditer-Reactor HP
Acoustic Emission

Atomic Energy Commission

Atomic fnergy Lommission/Nuclear Regulatory Commission
Air Force Materials Lab

Acoustic Helography

Adaptive Learning Network

Argonne National Lzhoratory

Advanced Research Projects Agency
American Society for Mechanical fagineers
Abstand-Verstirker-3rosse

Distance Amplification Size

Barkaausen Noise Analysis

Boiling Water Reactor

Corract Acceptance Probability

Lentral Llectricity Generating Board
Correct Rejection Probabiiity

Distance Amplitude Larrection

Defect Detection Probability
Pistance~-Gain-Size

German Association for NDE Methods

Druckwasser Reaktor {Garman PWR)

vii



ERS Electronic Block Simuiator

£EDM cigctric Discharge Machining

tMa Electromagnetic-Acpoustic

EMAT Electromagnetic Acoustic Transdugers
£L Error in Location

[FFM Elastic-Plastic Fracture Mechanics
EPRI Liectrig Power Research institute

£s Lrror in Sizing

ET Engineering Testing

FRE Fedaral Republic of Germany

GYF# General Yield Fracture Mechanics

HAZ neat Affected Zone

Hp German Pressure Lode Series

HS5T Heavy-Section Steel Yechnology

IACA international Atamic bnergy Agency
e Industry Cooperative Program

[GSCC intergranular Stress Corrosion Cracking
iS1 Inservice Inspection

1TV intermediate Test Vessel

[WG-RRPC  International Working Group on Reliability of Reactor Pressure
Components

JAREC Japan Atomic Engrgy Commission
LEFR Linear Eiastic Fracture Mechanics
LMFBR Ligquid Metal Fast Breeder Heactor
WPT Magnetic Particle Testing

MMA Manual Metal Arc {welding)

viiti



MIG
MITI
HASA
NBS
NOE
NR{-Res
PINC
PSi
PT
PVRC
PwHT
PuR
Pzt
QA
RE
RPY
RSK
RY

RTD-BAM

SAFT-UT
SAR

SEL

SET
SMIRT

Swf

Metal Inert Gas (welding]

Rinistry of Technglogy and Industry {Japan}
National Aeronautics and Space Administration
National Buregau of Standards

Kondestructive Examination

Nuclear Regulatory Lommission-—-0ffice of Research
Plate Inspection Steering Conmittee

Preservice Inspection

Penetrant YTesting

Pressure Vessel Research (ommittee

Post wWeld Heat Treatments

Pressurized Water Reactor

Lead Zirconate Titanate (transducer)

Guality of Acceptance

Radio Frequency

Reactor Pressure Vessel

Reaktor-Sicherheit {German Reactor Safeiy Commission)
Ragiographic Testing

Rontgen-Technische~Dienst (RY)-Bundesanstalt fur Materialpriifung
{German Federal Institute for Material Testing)

wynthetic Aperture Focusing Technique for Litrasonic Testing
Safety Analysis Report

Stress Corrosion Cracking

Stress Exposure Technigue

Structural Materials in Reactor Technology

Special Work Permit



USNRT United States Huclear Regulatory Commission
Ut Ultrasonic Testing
uT/ADP ditrasonic Automatic Data Processing System

WRE Welding Research Council



ACKNOWLEDGMENT S

Tne support and assistance of the following members of the staff of
Pacific Northwest Laboratory in preparing this document is greatly appreciated:
Kay Drake, whe assistea in all phases of its preparation; Pat Randgiey, who
coordinatec ang assisted in admipistering its production; Mary Sheeley,

Kelly Feuerbacher, and Kay Lhase, who prepared Lhe camera-ready Copy, dnd
John Nageley, who edited it. The work of the PNL Graphics group, under
Gene Watitenburger, is apparent on many pages of this report,

Or. Joseph Muscara was the USKRL Project Manager,

1 wish to thank the following organizations and Companies for granting
permission to quecte ang cite, and ingclude iliustrative material, from the
Books, Journals, reports and confarence, seminar and symposium proceedings that
they nave published:

& Academic Press, Inc., New York, New York,
e Academic Press, Inc. Litd., iondon, England.
e American Institute of Physics, New York, New York: wournal of

Acoustical Society of America, Journai of Applied Physics, and
Appiied Physics Letiers.

& American Nuclear Society, La Grange Park, lllinois: Nuclear
Technology.

® American PFhysical Society, New York, New York: A Physical Review,

e American Society for Metals, Metals Park, Onio.

e American Society for Nondestructive Testing, Inc,, Columbus, Dhio:
Materials Evaluation, Paper Summaries, and Conference Procesdings.

® American Society for Quality Control, Technomeiric Management
fommittes, Milwauker, Wisconsin: Jdourna) of Quality Techrnology and
Technomeirics,

® American Society for Testing and Materials, Philadelphia,
Pennsylivania,

& American Society of Mechanical Engineers, New York, New York:
Journal of Applied Mechanics, Journal of Engineering for Industry,
ana The Boller Pressure Vessel Coges,

xi



American Statistical Assgciation, Washington, D.U: Technometrics.

American Welding Society, Miami, Florida: Welding Journal,

Appliied Science Publishers, Ltd., £ssex, England: Intermational
Journal of Pressure Vessels and Piping, and Reliabilily Engineering.

Architectural Institute of Japan, Tokyo, Japan.

Argonne National Laboratory, Chicagu, [11inois.

Babcock and Wilcox, New Orleans, Louisiana.

fattelle, Pacific Northwest lLaboratories, Richland, ®Washington.
Battelle’s Columbus Laboratories, Columbus, Ohio.

British Engine Insurance, Ltd., Manchester, England: Technical
Report. TT—

British Institule of Kondestructive Testing, Northampion, Lnglands
British Jdournal of NDT.

Bundesanstalt fir Materialprifung, Berlin, Germany,

Butterworth Scientific, Ltd., {formerly IPC Science and Technology
Press, Lid.} London, England: Ultraseonics Journal, Ultrasenics
Internatignal, Non-Destructive Tesfing, and NDT Internatiomal.

Central Electricify Generating Board, London, England.
Combustion Engineering, Inc., Windsor, Connecticutl.

{omite Franscaise d'Etude des Essais Non Destructifs, Laboratoire
Nacional D’Essai, Paris, France.

Commissariat a L'Cnergie Atomique, Saclay, France.
Commission of the European Compunities, Brussels, Belgium.

{omnittee on the Safety of Nuclear Installations of OELD Nuclear
Energy Agency, Paris, France,

Council of the Institution of Mechanical Engineers, London, bngland,
Danish Welding Iastitute, Lopenhagen, lenmark.
Det Norske Veritas, Oslio, Norway.

Deutsche Gesellschaft fiir Zerstdrungsfreie Prifung e.V., Berlin,
Germany .



Deptscher Verbad flr Materialprifung, Duesseldorf, Germany:
Materialprifung.

Electric Power Resedarch Institute, Palo Alte, California.
Elsevier Horth-Holland, Inc., New York, New York.

Fachinformationszentrum Energie, Physik, Mathematik, Lindau,
Germany: 4th International Conference on NDE.

General Electric Corporation, Fairfield, Connecticut,
Hanford Engineering Develgpment Laboratory, Richland, Washington.
Helosonics, Inc., Richland, Washingion.

Institute of Electrical and Electronic Enginesrs, Inc., New York,
New York: IEEE Transactions on 5Sonics and Ultrasonics, IEEE

Praceedings.

Institution of Civil Engineers, London, England: Journal of British
Nuclear Energy Society.

Institution of HNuclear Lngineers, tondon, England,
International Atomic Energy Agency, Vienna, Austria.

International institute of Welding, London, England: Welding in the
Warld.

Ishikawajima-Harima Heavy Industries Co., Ltd., Tokyo, Japant IHI
Engineering Review,

Kobe Technical Institute, Kobe, Japan.

ios Alamos National Laboratory, Los Alamos, New Mexico.

tund Institute of Technology, Lund, Sweden.

MAN, Maschenenfabrik, Nurnberg, Geymany.

McGraw-Hi11 Book Company, New York, New York.

National Aeronautics and Space Administration, Washington, D.C.
National Bureau of Standards, Gaithersberq, Maryland.

National Research Institute for Metals, Tokyo, dapan: Transactions
nf the National Research Institute for Metals,

xiii



New England Tnstitute, Ridgefield, Lonnecticut,

North-Holland Publishing Company, Amsterdam, Holland: Nuclear
Lngineering and Design.

Nuclear Engineering Internationat, Surrey, England: Nuclear
Engineering International.

Oak Ridge National Laboratory, Oak Ridge, Tennessee: Nuclear Safety,

Flenum Publishing Corporation, New York, New York: Soviet Journal
of Hondestruciive Testing,

Pressure Vessel Research Lommittee, Welding Research Council,
New York, New York; Welding Research Abroad,

Rockwell International Corporation, Pittsburgh, Pennsyivania.
Réntgen Technische Dienst. by, Rotterdam, The Netherlands.
ihe Royal Society, London, England: Proceedings.

Scientific Applications, Inc., Palo Alto, Californial

Society for Experimental Stress Amalysis, Brookfield Center,
Connecticut: Experimental Mechanics.

Southwest Research Institute, San Antonio, Texas.
Studsvik Energiteknik AB {formerly Atomenergl AB), Nykoping, Sweden.

Techriischen Uberwachungs Verein e.V., Rbeinland Westphalia, Essen,
sermany.

United Kingdom Atomic Energy Authority, Harwell, England.

U.S. Air Force, Wright Patterson Air Force Base, Ohio: USAF
Technical Report.

University of Tokyo Press, Tokyo, Japan.

Welding Institute, Abington Hall, Cambridge, tngland: kelding
Institute, Automalic welding.

Westinghouse Electric Carporation, Pittsburgh, Pennsylvania,

John Wiley and Sons, New York, New York,



CHAPTER 1

JUSTIFICATION, PURPDSE ARD SCOPE







1l
1.7

1.3
1.4
1.5
1.6

CORTENTS

INTROGDUCTION '
JUSTIFICATION OF WHITE PAPER
1.2.1 Background .

1.2.2 IAEA Meeting Lonclusions
PURPOSE OF WHITE PAPER

SCOPE OF WHITE PAPER

FORMAT OF WHITE PAPER

REFERENCE . . . .

it

1.1.1
1.2.1
1.2.1
1.2.1
1.3.1
1.4.1

1.6.1



FIGURES
1.3.1 Event Tres-~Status NBE Techniques Relevant fo Event
Tree Factors . . . . . . . . . R . 1.3.2

1.3.2 Topics Relevant to Event Tree . . . . . . . 1.3.5

iv



CHAPTER 1

JUSTIFICATION, PURPOSE AND SCOPE

1.1 INTRODUCTION

The following white paper, "Reliability of Nondestructive Examination,”
consists of three volumes that ingclude eighteen chapters related to the reli-
abitity of varicus nondestructive examination {NDE} technigues, the signifi-
cance of lack of reliability in probabilistic terms, and facters and procedures
that could enhance reliability, The reliability of detecting, tocating and
sizing flaws will be an input inic a probabilistic fracture mechanics model
whose purpose is to highlighl the Significance of failure to detect flaws or
to inaccurately locate and size them in the context of component failure
prabability.

The emphasis of the white paper s on nucisar systems; however, relevant
HDE data on a spectrum of materials and applicatiaens are examined to determine
the applicabiiity of the informatior Lo nucliear reactor systems.

The purpose of this exercise is motf to generate a series of white papers
on KOE practices. Rather, it is to pinpoint their strengths and weaknesses as
toput into experimental programs aimed at increasing the reliability of flaw
detection. The hoped-for output of the combined detection reliability-
probabilistic fracture mechanics program will be improved examination proce-
dures for incorporation into the American Society for Mechanical Engineers
(ASME) Botler and Pressure Vessal Codes, Sections I, V, XI; and a better
insight inte component failure probabilities as they are influenced by improved
refiability of detecting, locating and sizing flaws,

.13






1.2 JUSTIFICATION OF WHITE PAPER

1.2,1 Background

Hondestructive examination, particulariy uifrasonic, has been guite con-
troversial., Tts proponesnts claim high levels of flaw detection sensitivity and
flaw sizing accuracy while if3 opponents denigrate ultrasonics a5 a viable
pxamination procedure, As is usually the case with exaggerated claims, the
truth Ties somewhere in between., Just where in between is of intense interest
fo the utility operating a reactor and to the regulatory agencies concerned
with the safe operation of the reactor. For example, the incorrect location
and sizing of a detected flaw could lead to extensive downtime if the decision
is made to repair. The preceding case is true for a relatively innocucus flaw
incorrectly located nearer the surface than s physically true, or which is
aversized by HBE. The alternate case of a potentiaily zserious flaw in the con-
text of being near the critical size for failure, which is assessed as of minor
safety significance due to incorrectly locating or underestimating its size,
has potentiatly serious safety implications.

1.2.2 IAEA Meeting Conclusions

The conclusions of an International Btomic Enerqy Agency (JAEA} sponsored
technical meeting in 19770121 nigniight areas of concern and the differ—
ences of opinion that exist in the NDE field., The relevant conclusions foliow:

® A need exists to understand better the similarities and differences
between the various sational in-service inspection (131} codes; it
is suggested that existing codes be assembled in one location and,
using ASME XI as & base, comparisons be made to detect and understand
significant differences in philosophy and approach. To this end, all
participating countries are invited to send to the Technical Secre-
tariat International Working Group-Resonance for reactor pressure
circuit [ING-RRPC) copies of the most recent issues af their relevant
requirements, regulations, specifications and guidelines relating io
pre-service ans ia-service inspection of reactor primary circutl and

1.2.1



L 2

gther c¢oolant circuit components a$ soon as possible, and in the
future to keep that Technical Secretariat informed of any changes,
addéitions pr deletions,

Such information 15 requested for all types of reactor systems. The
Technical Secretariat is invited to maintain a ibrary of such infor-
mation, and also to take acoount of it in revision of the relevant
TALA International Safety guidelines documents.

The question of the reliability of ultrasonic techniques in detecting
rejectable defects was mentioned several times, and the important
programaes of “round-robin® ultrasonic testing {UT} work being done
currently in U.S, and Lurope were mentionad., It is hoped that the
resylts be made availabie to the IWG-RRPC at an early staoe for them
to discuss the implications and need for further work.

The present Information indicates that conventional UT technigues,
especially as practiced with manual operation, have limitations in
the stzing and detection aof flaws.

Hltrasonic examinations of waids in austenitic stainless-steel com-
ponents, using conventional ultrasonic equipment and fechnigues is
generaily less effective, as compared to those used for welds in
carbon-steel components, owing to the increased acoustic attenuation
exhibited by these materials, Furihermore, large amplitude ultra-
sonic indications may occur in weld regions that are free of rejeci-
able defects., The acoustic energy attenuation problems combined with
the false indications encountarad during the examination of ausien-
itic stainless-stes] weids, have emphasized the need Tor development
of more effective ultrasenic methods to supplement the examination
arocesses presently used during the fabrication of stainless-sieel
components.  Improvements shoyld be sought with emphasis on those
aspects which will improve the probability of detecting any important
flaws and taking appropriate action.

Less information existed on the reliability of sizing and location of
any defects reported. [t was noted that work on B-scan, focused



probe, acoustic holography, phased-array and signal analysis devices
all showed considerable evidence of some improvement, and it s
desirable that a coordinated international programme to assess the
accuracy, reliability and reproducibiiity of the various possibie
sizing methods be established and the IWG-ERPL be invited to consider
this, possibly in coliaboration with other international and national
prganizations, in particular, additional NDE including standard and
advanced UT, acoustic holography, radiographic testing {R7} and pene-
trant testing {PT] would be a desirable exiension of the Pressure
Vessel Research Commitige (PVRC) work on 201, 202 and 2514 plates and
of the PVRC-Curopean Plate Inspection Steering Committee (PISC) pro-
gramme 1o betfer understand the Timitations of geometry, weldment
design and material differences on the detectability and precise giz-
ing of flaws. A compilation of past and ongoing work in the various
countries would be a valuable first step. Possibly the Electric
Power Research Institute (EPFRIY could provide the service,

& definite problem mentioned by several participants is in the
inspection of dissimilar metal welds (e.q., bi-metallic or tri-
metallic Joints such as stainless to ferritic steels). These exami~
nations can be complicated due to weld geometiry, secondary reflecting
artifacts, mode conversion, attenuation, soundwave diffraction and
changes in propagation velocity., Improved methods for examination
and for signal processing {e.g., of the original R.F. signal} such

as those involving "Adaptive-learning® techniques show promising

resuits and should be vigorously encouraged and further information
exchanged whenever possible,

The abiltty of acnustic emission {A£) to detect flaws consistently,
either in hydro-test or in on-line usage, is doubtful; even so i can
he of sufficient value to justify its use provided that the limita-
tions are recognized. The continuing growth of differing experience
indicates the need for a further authoritative review to be made in
1-172 to 2-1/2 years time, and that the information then be criti-
cally appraised to provide a statement on the value of AF in various

1.2.3



applications to be included in Safety buidelines on ISI. It is rec-
ommended that IAEA take appropriate action on these points.

It was noted that AL technigues can be of great value for leak detec-
tion and loration, for "leose parts” and component movement detection
and for detection of certain types of crack extension including soms
stress corrosion cracking, Emphasis on the development far these
purposes of AE equipment and its application was recommended.

The meeting noted that there was a real probiem arising from ensuring
that NDE persomrnel can maintain their effective ability for sustained
npericds under ISI conditions and alse that there was a need to mini-
mize radiation exposure of highly qualified personnel. Any improve-
ments in these aspecis that could be obtained by mechanization of

equipment, by automation of the coliection, recording and interprets-
tion of data would be a major gain and shauld be actively encouraged.

Furthermore, all participating countries are invited to provide the
Technical Secretariat with the data available concerning personnel
radiation exposure, both total per piant and also subdivided accord-
ing to details of specific examinations and locations, incurred as a
result of in-service inspection. The Technical Secretariat is
encouraged to file and periodically publish such data.

Probiems stifl exist with some of the currently used systems of the
examination of steam generator tubes by eddy current testing., Mask-
ing of flaw 5ignals due fo tube supports, corrosion product buiidup,
denting, etc., as well as the lower reliability of detection of inner
surface flaws indicate the need for improved techniques., Hopefully,
the expanded effort now planned as well as the results already gained
at least in one country, and reported during that meeting will yield
the desired answers,

Existing Yinear slastic fracture mechanics techniques such as embod-
ied in Appengix A of ASME XI provide a conseérvative method of deter-
mining the acceptability of a detected flaw. Considering the major

penalty inm downtime facing 2 utility when such an analysis indicates
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that repairs may be required, there is an incentive for developing
an elastic-plastic fracture mechanics procedure acceptable to code
and regulatory authorities. A necessary adjunct to such an approach
is a better understanding of crack growth under complex loading with

emphasis on bending.

There should be more interaction between the system designer and the
NDE expert. Optimization of design features and layout can in many
cases greatly simplify the examination or its interpretation and can
often minimize radiation exposure of examination personnel without
affecting system reliability. Exchange of information on these
aspects should be encouraged in future RRPC activities.

This meeting had been particularly valuable in making clear that
there was a large amcunt of research and development work currently
being done in all these areas in several countries. This suggests
that arother specialist meeting on this topic be held in 2 to 4 years
time, depending on availability of results and coordination with
other internaticonal meetings. The IWG-RRPC is recommended to include
such a proposal in drafts of future programs.

1.2.5






1.3 PURPOSE OF WHITE PAPER

The purpose of the white paper is to assess the significance of flaws at
various lpcations in pressure boundary components and to optimize the NBE pro-
cedures accordingly. If the pressnce of a flaw in a given location would
resull in a very high stress intensity factor due to iocation and loads, rig-
prous NDE procedures with a high detection reliahility shouid be applied. On
the other hand, much less rigorous criteria could be applied to innotuous
defects such as slag, laminations or deeply embedded {small} flaws. 5ince the
concern is with flaws in operating reactors, exposure of ABE operators to radi-
ation is a critical factor and every effort should be made to reduce the time
spent on geometric indications or in regions of minor safety significance so
that the time can be spent in the areas of major safely significance.

Emphasis 1% on an integrated program. [f component design and/or fabri-
cation procedures adversely affect NDE detection of flaws, changes should be
made. Where possible, materials should he selected that are amenable tg NOE.
Fracture mechanics and component failure statistics should be used to pinpoiat
critical tocations where enhanced 80E may be reguired. Potential failure
mechanisms should he examined to optimize the NDE for the types of cracks.
anticipatad,

The preceding words are summarized in the event tree in Figure 1.3.1. As
ngted on the figure, a series of subjective judgments has been made concerning
the ¢yrrent state of the art. While the event tree i4 believed to cover many
of the critical factors, no claim is made that all factors were ¢onsidered.
Alsc, see Figure 1.3.2.

1.3.1



b ~« Relevant to Flaws

PROBABILITY OF FARIR TO
FLAW DETECTION GOoD

SENSITIYE TO MATERIAL,
GEOMETRY, TEST METHOD,
ETC.

PROBABILITY OF ' o=
FLAW LOCATION POOR 10
AND CRIENTATION FAIR

S
LIMITED DATA CONFIRMIRG INPUT IN7O

LOCATION: PERTURHED BY FRACTURE MECHARICS
CLADDING, GEOQMETRY, ETC. ANALYSIS

!

PROBABILITY OF
ACCURATE THREEL- POOR 70

DIMENSIONAL SIZING G000
OF FLAW

"H

SENSITIVE TO NBE
TECKNIQUE AND TO
SYSTEM USED

|

PROBABILITY OF
CONTINUOUS RECORDING POOR TO
FLAW GROWTH BY FATIGUE, FAIR
STRESS CORRQSICON, ETC,

ACOUSTIC EMISSION HOLDS
SOME PROMISE: HOWEVER,
MORE WORK ON REAL
STRUCTURES IS REQUIRED

FIGURE 1.3.1. Event Tree--Status NDE Techniques Relevant to Event Tree Factors
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B -~ Relevant to Fracture Mechanics [LEFM, EPFM, GYFHM)}

MEASUREMENT OF
Kies Kia» Kir

GENERALLY LIMITED
TO EVALUATION WITH
DESTRUCTIVE TESTS

MEASUREMENT OF
RESTDUBAL STRESSES

X~RAY 15 TIME-CONSUMING
ANG LIMITED: ACOUSTIC
TOMOGRAPHY HAS POTENTIAL
BUT 15 VERY NEW

|

A. INPUT IKTO DETERMINATION OF
mr—— | YTELD AND ULT IMATE
FRACTURE STRENGTH
MECHANICS

GENERALLY DONE THROUGH
BESTRUCTIVE TESTS

]

RUTUAL STRESS INTENSITY
FACTOR RELATED TD Ky

GENERALLY CALCULATIONAL

TOUGHHESS IN TERMS OF
DUCTILITY AND UPPER
SHELF PROFERTIES

FROM CHARPY AND FRACTURE
MECHANIUS TESTS

FIGURE 1.3.1.

8Y NDE POOR
TO NON-EXISTENT

FAIR 1O G000

BY NDE PGUR —&— JKPUT DEGRADATION
TQ FARIR OF PROPERTIES
THROUGHOUT LIFE

8Y NDE BELItVED
NON-EXTSTENT

ESSENTIALLY
NRON-EXISTENT
BY RODE

{contd)



L ~m Qe%e?ant €5 Property Degradation Throughout Life, Exclusive of Flaw Growth
{fatigue, creep, creep-rupture, etc.)

1

WORK HARDENING
RELATED TQ FATIGUE POOR TG UNKNOMWN

ACOUSTIC EMISSION
MAY YIELG DRIA

STRENGTH BOTH COHESIVE
AKRD ADMESIVE POOR TO FAIR

SOME WORK ON BONDING
PROPERTIES AN[} FUNDAMENTAL
WORK ON COHESION BASED ON

POINT DEFECTS

|

RESIDUAL CUMULATIVE-
USABE-FACTOR POGR 1O UNKNOWN

MEASUREMENT OF EXC-ELECTRON
DR POSITRON ANNTHILATION
SHOW SOME PROMISE, BUT LIMITED
TO MEASUREMENT OF PGINT DEFECTS
IN PURE METALS ALSO LIMITED UY
RE END-OF-LIFE

RESIDUAL CREEP AND
CREEP-FATIGUE LIFE UNKHOWN

UKAWARE OF RELLVANT WORK

l

LOSS IN Ky QUL TO BY NDE PCOR
RAGIATION EMBRITTLEMENT TG UNKNOWN

LIMITED WORK ATIEMPTING

TO CORRELATE RADIATION

DAMABE PROPERTIES wiTH
NDE FARAMETERS

FIGURE 1.3.1. (contd)
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SOURCES

NSA, DOD, OPEN LITERATURE

Library -~ Assuming HRL funding

NDE -~ Flaw detection

KDE - Pressure vessels, piping, etc.

NOE - UT, RY, PT, ET, MT

NDE - Flaw jocation, flaw orientation

NDE ~ Flaw sizing

KOE - Mechanical properties

KOt - Uohesive strength

NDE ~ Bond (adhesive strengih}

NDE -~ Residual stress

NOE - Fracture mechanics

NDE - Fatigue

NBE - Exg-glectron

NIk — Pasitron annihilation

NDE ~ Remaining fatique 1ife

KDE - Measurement creep, creep-fatique,
cresp-rupture groperties

ROE — End-of-1ife

NDE - Fatique cracks

Probability-Flaw Detection
Probabilistic Fracture Mechanics
Elastic-Plastic Fracture Mechanics
Probability Density Functions-Fiaws

FIGURE 1.3,2. Topics Relevant to Evant Tree (Figure 1,3.1)
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1.4 SCOPE OF WHITE PAPER

Consideration is given to all pressure boundary components where fajlures
nave safelty or substantial economic significance. Emphasis 15 given to piping
and to the reactor pressure vessel since much of the data relevant to these
components can be applied to pumps, valves, steam generators, etc. Stean gen-
erator tubing is not covered extensively since there gre exlensive NUE efforts
relevant to tubing and the information has been well reporied f{o the rejevant
organizations,

The following paragraphs are an attempt to orient the reader on the cover-
age and scope of each chapter.

1. Justification, Purposse and Scope

Previousiy described in this chapler,

2.  National and International Regulatory and {ode Reguirements Relevant
to Inspection and Acceptance/Rejection of Flaws in Nuclear Pressure

Beundary Components

The ASME 111, V¥ and XI Cades are compared to the Federal Republic
of Germany {FRG) German Pressure Code Series [HP) 5/3 Construction/
Inspection Code to assess the significance of differences in proce-
dures and philosophies, The pasitive and negative impact of govern-
ment reguiations is examined,

3.  Detection, Location and Sizing {The Pressuve Vessel Research

Committee Program}

The PYRC [ndustrial Cooperative Program complemented the Atomic
Energy Commission/Nuciear Regulatory Commission {AEC/RRE) Heavy Seq-
tion Steel Technology Program and concentrated on NBE flaw detection
and §1zing reliability. The results vepresent a major body of data
pertinent to thick-steel sections such as plates, forqings and
anzzles in plates or forgings, The use of a round-robin festing
program highlights team variability as well as indicating the sensi-
tivity of detection reliability to the NDE procedurse followed,
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Flaw Detection

The emphasis is on the factors influencing flaw detection such as
material and surface cnaracteristics, including coupling efficiency,
geometry, etc. Resuits with commercial state-of-tha-art equipment
are emphasized.

Flaw Sizing and Location

Tne titerature is reviewed relevant to errors in sizing of natural
and artificial flaws, and the assessment aof factors such as external
ioads, flaw roughness, beam spread, size of focal spot, etc., as
they influence sizing.

Flaw Sizing and Localion--Advanced Techniques

The emphasis 1% on UT, with a review of Titerature pertaining to
focused probes, acoustic holography, and adaptive learning networks.

Jitrasonic Eguipment~-Characteristics and Limitations

Both theoretical upper-hound Timits and variability typical of the
elgctronic circuitry and transducers are constdered., This chapter
covers existing 1imitations and the possibilities for improvement.

Flaw Detection and Sizing--Theoretical Background

Saveral excellent papers are reviewed ihat have been wrilten per-
taining to wave behavior in solids. Some pf the work should tead
10 new approaches in flaw Jocatien and sizing.

NDE-—fur Measurement of Physical and Mechanical Properties

Tha intent is to concentrate nn those physical ard mechanical prop-
egrties directly pertinent to failure potential. Obvious choices

ing lude residual stress levels and distribution, approach to snd-of-
1ife by fatigue, and properties such as internal friction that may
correlate with toughness and stress intensity. Ideally, one would
1ike tQ measure parameters directly relevant to fracture mechanics,
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9A.

10.

11.

12.

13.

Mathematical Derivations of Equations for Second- and Third-Order

Elastic Constants

Applying various NDE technigues to determine the physical and
mechanical properties of solids is introduced through measuring
engineering properties, developing general elasticity theory, sim-
plifying the case of major interest, cubic metals such as steel,
handiing the preceding in terms of dynamic effects, and expanding
to the nonlinear case. While the preceding uses solid mechanics
rather than wave mechanics, both approaches converge to yield pre-
cisely the same eguations.

Failure Statistics and Flaw Significance

An assessment is made of types and probability of failure by compo-
nent size, specific location, etc., to benchmark the probabilistic
fracture mechanics task.

Relevant Statistical and Probabilistic Models

An assessment is made of the preferred models for handling the
available data. A review of elementary probability concepts and
terminology is included. This chapter serves as an introduction to
Chapter 12, Probabilistic Fracture Mechanics, and Chapter 13,

Factors Influencing Reliability of Flaw Detection.

Probabilistic Fracture Mechanics

This chapter reviews work in probabilistic fracture mechanics.
Inputs are used to characterize flaws as to their significance as
functions of size, orientation and location. The aim is to define
significance rather than to develop failure probability values in
an absolute sense; deterministic fracture mechanics will be used as
a base Tine.

Factors Influencing Reliability of Flaw Detecticn

The appropriate probability model will be selected as a vehicle for
reviewing available data regarding fiaw detection and for assisting
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13A.

138.

is.

15,

in deveioping the exaperimental program for amassing a statistically
significant body of data on detection reliability andg the factors
affecting reliabiiity.

Probabiiity Models for Reliability of Flaw Detection

General and specific probability models are examined, then pursued
through correlation furctions and field ar procduction data, Exame
ingd alsn are statistical probability models for flaw detection, A
section on nomenclature is included because of the spectrum of
terminoiogy.

Elastic Wave Propagation and Yelocity, Slowness and Wave Surfaces

Wave behavior in solid media is examined, The interaction of vari-
ous waves in dsotropic and anisotropic media is examined relative

to such factors as wave dirgction; fype of wave {sheayr, longitudi-
nal}ls wave velocity; stresses and strains developed in various media
because of wave propagation; the development of velocity, 3iawness
and wave surfaces; and the effect of media on wave characteristics
such as beam convergence or divergence,

The ASME Codes: Testing Techniques, Analytic Procedures and

Suggested Modifications

Sections III, V and X1 of the ASME Cades are examined to see whether
thare are changes in design, materials, or fabrication that cauia
improve detection reliability in RDE procedures, and that could pin-
point significant fiaws with greater reliabiiity. Operational hig.
tories of existing ouclear plants are raviewsd to optimize insgrvice
inspection with persomnel burnup, examination of significant areas,
and assessment of the role of advanced NDE techniques,

canclusions and Recommendations

Specific items were culled from all chapters to serve as guidance
in future experimental and analytic prograss.
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1.5 FORMAT OF WHITE PAPER

The following criteria with regard to distribution and format are adopted
for the preparation of this document., Inputs from sponsors and contributors
have been incorporated inte the criteria.

& Since the uitimate gual was 1o provide input to the experimental pro-
grams, the repori was in draft form for twe to three years., There-
after, all approvals required for a fermal report were obfained. We
met our goal and converted to a final report.

» Updating has been on the basis of information becoming available.
To minimize mailing costs, a nominal quantity was allowed to collect
before sending it out for review, but for no longer than $ix months.

& Where possible, requests from members of the techpical community out-
gide the participants were hongred when copies were available and
with spansor approvail; when anm gbvious mutual advantage existed, an
attempt was made to add such persons to the distribution tist,
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CHAPTER 2

NATIONAL AND INTERNATIONAL REGULATORY AND CODRE REQUIREMENTS
RELEVANT TO INSPECTION AND ACCEPTANCE/REJECTION OF FLAWS IN
NUCLEAR PREXSURE BOUNDARY COMPONINTS

2.1 INTRODUCTION

The detection, sizing and acceptance/rejection of flaws are sensitive to
the particular Hational Codes, Standards and Regulations. With regard to
gxamination requirements typical of thick-walled components used in light water
reactors, two ¢odes are pre-eminent ana differ sufficiently to permit excellent
comparisons. These codes are 1) the FRG Arbeitsgemeinschaft Druckbehiifer
{AD}-Markbldtter [the specific one cited is manufacturing/inspection HP
(2‘1*i*2'1'2)]; and 2} the US AMME Boiler and Pressure Vessel Codes,
23 o v noetS 1) g
Since hoth the FRG ard USA codes are compulsory, the dif-

series
These of relevance are ASME~IT] Consiruction,
ASME X1 iSi.(e‘l’ﬁj
ferences have greater impact than do non-mandatory standards or codes in draft
status.

The thimmew-section austeniiic stainless steel systems typical of Liguid
Metal Fast Breeder Reactors (LMFBR} represent special provlems in NDE, Basi-
caily, the existing LMFBRs are stii) proiotypes and the relevant consiruction
and inspection codes are under development,

The significant dividing line with regard to inspection codes ocgurs imme—
diately prior to operation. The construction codes are in effect through code
stamping so construction criterie apply with regard to 2cceptable indication
sizes.

The period after stamping and before operation is somewhat unclear. Cur-
rent praciice is to conduct the preservice or baseline inspection during this
period, Uefect acceptance/rejection criteria then may differ from those
appiicable during construction. The operational phase differs in inspection
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requirements and differs substantially in defect acceptance/rejection criteria.
These factors witl be discussed in this chapter,

The Boiler dand Pressure Vessel Comnittee of ASME has considered shifting
the preservice inspection now fg ASME XI to ASME II1. The reason for such a
shift is essentially economic., Once a system or component is Stamped, the
responsibility shifts from the fabricator Yo the owner in most instances,
Losts for baseline or preservice inspections after code stamping have been as
high as §1.22M, with a substantial percentage of the cost being an insurance
poiicy {¢ cover repairs of defects found by UT but not found by RT. Shifting
the preservice inspection te ASME 1{1 and requiring both RT and UT will
decrease the current preservice inspection costs. 1 suspect there will be an
incremental increase in the fabrication costs to compensate for the anticipated
increase in number of flaws detected that require evaluation and repair, The
Railer and Pressure Vessel Committee actively pursusd this matter; however, no
definitive action was taken and the action essentially is dead.

Since industrial codes serve as the hasis for Requlatory modifications,
the codes will be discussed prior to discussing Regulatory requirements.
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2.2 RATIONAL CODES-—SIMILARITIES AND DIFFERENCES

In essence, exclusive of Russia and its sateliites, two major national
codes are used for the periodic inspection of nuclear reactor pressure bound-
aries, They are ASME Sectiom X] and the FRG HP zeries aof the AD-Markbldtter,
Other countries use one or the other or both of these codes suitably modified
by governmental regulations, or depend on requlations, Recently, Sweden
approved a code similar to ASME XI. The FRG HBP codes cover both manufacture
aru ﬁngpeczion.(2‘1‘2’2‘1‘3} A similar situation occurs in the United States
by adding ASME Sections LI and ¥ to Section 22{2‘1'3’2’1'§’3’1‘5]
through manufacture and operation,

for coverage

Some idea of the use made of the various codes can be obtained from
Table 2.2.1. The emphasis on ASME X1 may be due in part because it has been
around jonger,

2.2.1 Equipment

2,¢.1.1  Ultrasonic Equipment represents a significant difference in
philosophy between the FRG Codes and ASME. Both require the use of single
probe pulse height equipment; however, in the FRu, the ifandem technique is
required in additicon to single probe for wall thicknesses greater than 100 mm,

2.,2.1.2  Equipment Frequency range is similar under boih codes, however,
the FRG (odes are more specific. For example,

Angle Beam
Thickness < 24 s 2 to 5 Mz

Thieckness > 289 mm 1 to Z2.5 MHz

Longitudinal Beam 2 to 5 MHz

2.2.1.3 Beam Angles are similar with longitucinal beam, 40 to 55° (usu-
aily 45"} and 55 to 70° shear {usually 60°) cited with the proviso that at
Teast 15" must separate the two shear angles used, The German requirements are
more explicit with regard to testing cladding, depending upon whether it is
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TABLE 2.2.1,

Exampies of Use of Codes and Regulations by Various Countries

(not compliete) (periodic inspection of light water reactors)

Lode Reqijiations
Country ~ ASME X1 FRG-AB-M Uther Yes HNo Comment Reference
Austria X X % X Austrian Coda 2.2,1(b)
Belgium b Relies on ASME and 2.2.2
ADeM-Partial
France X X Ministry Order 2.2.1{e}
Feb, 26, 1974
No. 33-18
FRG A k4 RSK 2.1.1
. 1.2
india k9 X Z.2.3
Itaiy X 2211
Japan X ¥ MITI Technical 2.2.1{a}
Standards, Elec~
tric Utility Act
Netheriands X 2.2.2
Spain X X 2.2.2
Sweden X X APV follaws ASME XI; 2.2.4
Piping--special
requirements
Switzerland X X X #riting code based 2.2. ¢}
on ASME X1
g.s. X b 2,1.3
Z2.1.4
Z.1.5
2.2.1{d}
TAEA X Modelled on ASME X1 2,2.5
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done from the clad-side or the side opposite the clad, They reguire a longitu-
dinal wave, at 2 defined angle. The same procedure 15 in use in the U,5,, but
there is no mandatory requirement.

2.2.1.4 Transducer requirements are similar in requiring definition of
shape and size, In Germany, the near fields are fixed as functions of wail
thicknessy for € ¢ 25 nm, the near field is <50 mmy For t > 25 mm, the near
field 3% »50 mm.

2.2.2 Calibration

Calibration reduirements represent the major difference in philosophy.
Since calibration establishes sensitivity and may set acceptancefrejection
criteria, many of the claims and counterclaims regisiered as fo the superiority
of one UT technigus can be traced to the calibration criteria. The marked
effect has been discussed by Meyer{2.2.6,2,2,?) and his data #1111 be des¢ribed
in detail in a later section of fnis chapter. The ASME procsdure uses a series
of side-~drilled holes varying in size as a functicn of catibration block thick-
ness, The block{s} shauld compare in thickness tg the cumponent being tested
and the acousiic properties of block and component should be essentially the
same, The side-drilled hole sizes are 3716 and 1/4 in, to thicknesses of & in,
and holes, increasing in diamelsr by 1716 in,, are added for every additional

2 in, of block thickness.

Germar blocks use flat-botiom holes for calibration with either 3-mm or
10-mm dia used for acceptireject., Major emphasis is placed on use of the
Krautkrdmer Abstand-Versidrker-Grosse [AVG) distance-gain-size (DGS) diagram,
which can be used in Tieu of calibration biocks. Figure 2.2.1 is a typical AY¥G
{0651 diagram. Both ASME and 06{z} fP {German Association for KDE Methods) or
Arbeitsgemeingchaft Druckbehalter-Reaktor HP {AD-RHP) /3 define linearity,
control, screen height and calibration intervals; whiie there are differences,
they are not gonsidered major, Side-driiisa holes ofien are used rather than
fiat-bottom holes.

7,2.3 Test Conditions

2.2.3.1  Surface Finish requirements are more severe in Germany. A sur—

face finish of <10 um mean value is designated. ASME is more vague, simply
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FIBURE 2.2.1. General Distance Amplification Size (A¥G) Display
Picture [Ref. 2.1.2)

The amplification vaTue ¥V for the defect echa, measured at
the defect {e.q9., 18 dB) 15 not plotied from the zero point but
from the backwall echo curve and, in fact in each case, from that
point X which on the backwall escho curve corresponds to the rela-
tive thickness of the sheet metal being examined {e.g., the
value 8). By means of plotting of the amplification ane comes
to the point Y, Through the latter one draws a parallel) to the
abscissa which intersects in the point 7 the parallels tn the
ordinate through the point of the relative spacing {e.g., the
value 3.5}, That curve in the family of curves which Ties clos~
est to the thus-obiained goint 2 in the display picture 5 asso-
ciated with a specific pseudodefect diameter from which ane
gerives the pseudodefect dianeter; it corvesponds te the diame-
ter of the defect under consideration. For further information
¢ne shouid refer to the Titeratyre,
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requiring that the surface be smooth, free of weld spatter, scale, etc. Both
require that the weld region have no excessive elevations or depressions lead-
ing to probe tiif.

2.2.3,2  Rate of Travel of probe is limited to & in./sec in ASME. The
German codes appear to be moot; however, this could be due to an inadeguate

gearch of the literature,
2.2.4 Examination

2.¢.4.1  UT Weld Examinations vary in degree, The differences ars best

seen by selecting a reactor pressure vessel such as a pressurized water reactor
{PWR) where the wall will be aboul 250- ¢ J00-mm thick., For preservice exami-
nations, the German requirements include examination from both inside and out-
side, if possible, versus one or the other or a combination thereby in ASME XI.
Examinations should be from both sides of the weld on the same surface, where
possible, in both countries, German regquirements include moving the probe in
hoth directions along the weld plus rotating the probes to detect transverse
cracks, For electrosiag welds, an added beam traverse must be made at 45° to
the weld, ASME XI regquires exemination of base metal to & distance t/Z2 from
the weld,

In the FRG, inseryice examination must include at least 50-mm strips par-
allel to the weld for submerged-arc and manual welds, and »100 mm for electro-
slag welds. In the case of inservice examination, which 35 usually Vimited to
either the inner or the outer surface, but nol both, there 15 az berman reguire-
ment to coordinate single probe and tandem examinations from the inner surface
to permit the coverage of the most probsble flaw orientations, At the preser-
vice stage, the German reguirement is to do 100% of the reagtor pressure vessel
{RPV} surface. In essence, this is dore on U.5. PWRs due to the nature of the
UT examination, however, it i5 not an ASME Code reguirement. It is a require-
ment at the plate or forging state. Overlap coverage of the probe is the sams;
namely, »>10%,

2,2,4.2 (ladding Examination differs to a major degree. For example, the

ASME Code finds surface indications acceptable while the German Codes do not.
The German Codes--[DG(2z) #P] (AD-RHP 573} [Reaktor-Sicherheit {German Reactor
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Safety Commission) {RSK} Directive for Druck Wasser Reaktor- {German PWR}
{OWR; design &pril 24, 1974}-—permit no cracks at the clad-base metal inter-
face (ditte ASME 1[I}, ang require angled longitudinal wave >Z2 MHz from the
side opposite the clad or shear beam >Z2 MH2 ¢n the clad side. [t 9% an RSK
requirement that the required sensitivity be maintained though cladding. Sen-
sitivity is set by using either a 2.mmedia drilled hole paralled to the test
surface at the interface with adjusiment to full screen height, or a 2-mm fiat-
bottomed hole with bottom at the interface with the signal adjusted to 2/5
screen height, Added requirements include random examination with 70° angie
probes Roentgen-Technische-Dienst {Radiclogical Testingi-Bundesanstalt fur
Materialprifung {German Federal Institute for Material Testing) {RTD-BAM 7()
for detecting crack-like defects at the interface,

2,2.5 flaw Sizing and Location

Flaw sizing and locating procedures are generaily similar, The ASME (ode
requires sizing by measuring the maximum distance amplitude correction (DAC)
value, then measuring the iwoe ends on the basis of 50% of the maximum DAC
values the location must be recorded. 1n Germany the fechnigue varies with
thickaess, For example,

it 1t ¢ 10 mm use vanishing echo
10 ¢ t < 80 mm use 5-dB drop
40 ¢ t use 12-dB grop,

Again, the depih of the flaw must be recordea.

2.2.5.1 Recording Levels tend to be more specific In the FRG compared to
ASHE %I, The ASME X1 requirement depends upon the editicn and addenda., The
requirement was 20% DAL initially, which was changed to 50% DAC because of the

large number of geometiric indications, Tadble 2.2.2 abstracted from Refer-
ence ¢.1.2 contains the German recording thresholds,

7.2.5.2 AcceptancefRejection Limits depend in both codes on whetner the

vessel 5 under the construction code, or in the preoperational or operational
stage. Neither censtruction code (FRG or ASME 111} will accept cracks or
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TABLE 7.2.2. Response Threshold as a Function of Nominal Wall
Thickness {all non-geometric signals exceeding
Timits in tabie must be reccrded)

Diameter of Circular

Wall Thickness, t, ! @) (isk Reflector, mm
< 18 0.7
10 « £ < 15 1.4
15 ¢ £ < 20 1.5
20 ¢ t ¢ 40'P) 2.0
¢y apt® 3.0

{a) For differing wall thicknesses, the smaller con-
trols regardless of the weld height.

{b) At angles of incidence above 60°, for close-to-
surface defects an increase in sensitivity may be
necessary, In tandem testing, all indications
are to be recorded whose scho height attains or
exceeds (that of} a corresponding circular disk
reflector of 6-mm dia. The threshold value of the
response can alse be derived using other arbitrary
test defects if at the same time it i¢ made cer-
tain that no values arige which are larger than
those in Table 2,2.Z2 above, The threshold value
is to be lowered by 6 dB whenever those values are
excesded which are given in the AD Memorandum RHP
513 for the defect freguencies and extents which
are admissible without control testing.

crack-1ike defects. Both will accept UT indications below certain sizes., For
exampie, ASME T1L ip NB-5330 permiis the following:

t « 19 s 6 mm %ﬂdéc&tisn(a}
19 ¢ t ¢ %7 mm 143

t > 57 mam 19 pm.

The German criteria are given in Tabie £.2.3 for both longitudinal and
transverse indicaticons. Obviously, in the construction stage, ASME 111 i3 more
restrictive than the FRG Code.

{a} If interpreted a3 a crack, unacceptable regardless of size,

Z.2.7



TABLE 2.2.3, Evalvation of Ultrasonic Findings

Hail Thick- Ho. B! per moof  Admissible Defects,{S)  toho Magai.
fype of lefecy ress t in il Joint Langih Maximun Defect tength(BP)  tude in gt
lLorgitudinal B — P e
fefect

Wt <2y 10 0 &
and 3 20 &,
and 1 i 124}
20 < ¢ 5 40 10 10 3
and 3 25 &,
and § i izid}
43 ¢« 1 ¢ 6B 10 10 6
amd 3 30 8, .
and 1 g 1214
60 <t =z 120 i 18 &
ared 3 40 §
and 1 10 12{d}
t o> 317G 1G il 8
ino 3 S0 £, .
asd 1 0 ipidd

Trangverse and Al defarts which are indigated in the trassyerse and chiligue defect

hiigue Defects axapingiion and for which it cannet e clsgrly demensirated that they
arise from a previgusly detected Isngitudina)l defect shall be interpreted
a5 transverse or ghiigue oefants,

8¢, per mnf

Hall Thicke Joint Lengih somissible Gefects, ™) Fono Pagnio
ness § in gmidl in Tesi Zone Maximyen Befact | ength tude in dB
L« 16 - - ——
£ty 1 3 it é

{a) in the case of gifferent wall thicknesses, the smaller is the decisive one, without
regard to weld height, In the Cass oF support weld Ioinfs, the wall thickeess of the
support 5 decisive for supgrimposed supporis; for pemeirating supplris the wall thick-
ness of the structural part is decisive. Nowminal wall laicknesses above 40 mm may be
subdivided into te3iing zomeg. The subidivision §¢ carried out from Dotk serfaces, with

oeeriappings being stiowed to orcur. EFach zone iy svaluated like 8 wald in the thickaess

rahge betwees 40 and B0 mm; howswer, the maximym sivissible recorded length (40 or 50 ae
for wall thicknesses up 1o 120 @m or over 170 mm, respectively} must Vie mors then 20 ma
heioe the fimal surface.

{9) Flaws with the same depth position must be separated by ot least twine ke leaqlh of the
targest flaw. The dtstance in the thickness direction must at least cerrespond L3 the
igngth of the largest flaw,

fc) I a3 condition {frequency, defect lengln or soho magnitudal i apt met then 2 repair or
4 zontral test {e.g., 2 radiographic test or control opesing) is reduired, & repair i3
always napessary whenevar a nontrol test i4 either lmposeibie or shows no defert or dogs
not cleariy domonsirate 4 noressential cause of the echo indizaticon. Wnenever the defece
froguercies and defect lengths sxieed those values which are admisgible withaol centrol
testing then reflection Iocations mast alsa be interpreted ay defects when ibeir 2cho
maontiudes are Up Lo & £8 below the recording respense threzhald given in the chapter,
*tvaluation of Test Fiadings,”

fg] #andom control tests are requived,

(o] If transverse flaws occur &0 groups, thee improvements must be made 1 only 2 few of the
readings Yie above the recording threshsid and the othery sxceed an echo migniiude which
i3 % d8 pelow this ihrashold value. Aasy deviatior from tnis evaluaticn i anly permis.

sible, if by & random opening of the weld, it 3% found that the resdisgs do not come from

the oracks.
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ASME X1 defines a spectrum of acceptable flaws {not indications) at both
the presevryice and inservice stages. There are several tables covering accept-
ahle flaw sizes. Tables 2.2.4a and b and 2.2.5 are representative. The reader
is directed to ASME XI for the complete picture. The values in Table 2.2.4a
and b represent rejection levels; however, for an operating vessel whare the
flaw excesds the acceptable value, it is permissible to do a fracture mechanics
analysis according to Appendix A of ASME XI and, if the analysis indicates the
flaw does nobt exceed the criteria of [WB-3600, the vessel need nol he repaired.
However, the flaw must be monitored at several subseguent examinations.

2.2.5.3  Multiple Flaws or Indications are considered to be additive if

they occur at the same depth and are closer than some specific value., ASME XI
defines elaborate criteria; the German Code states indications are added unless
separated by more than the length of the largest indication.

2.2.9



TARLE 2.7,4a., Allowable Planar Indications in Reactor Pressure Vessel,

rial:

106°F

Aspect Ratig, afz(2) tions, a/t %

Mate-

Ferritic steels that meet the requirements of KB8-2331
and have specified minimum yield Strength of 50 ksi or less at
. Thickness Range: 4 in. and greater,

Ssurface Indiga— Subsurface Indica-
fb) tions, a/t %l

b,¢

0

0.05
0.10
g.1i5
(.20
4.25
0.30
0.35
0.40
0,45
0.50

1.8
2.0
¢.2
2.4
2.7
3.1
3.5
3.5
3.5
3.5
3.5

2.3
2.4

4.6
5.2
5.8
6.5

{a} For intermediate flaw-aspect ratios, a/L, linear inter-

peiation

15 permissible.

{b) Component thickness, t, 15 measured normal i pressure

retaining surface of component.

Where the section of

thickness varies, the average thickness over the length

of the indication is the component thickness,
{¢) The total allowable depth of subsurface indication is Za.

TABLE 7.2.,4b.

Component Laminar Area
Thicknesi A, sQaar?
t. inchesid inchest)
4 18
6 18
8 24
10 30
12 and greater 36

{a} For intermediate thicknesses,
Pinear interpolation of area is
permissible.

{b} The area of a laminar flaw is
defined in IWA-3360,

2.2.10

Allowsble Laminar Indications
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TABLE 2.2.5.

Allowabie Plasar indications--Piping.
the requrements of minimom yield strengih of 3% ksi or less st 100F,

Yolumateis CDxamination Meihod

Haterial;

Austenitic sitesls Lhat mest

Homind: wail [hickness

I, i, 0,317 sr dess!®! 1.0 . 2.0 3.4 Surfare Examination HMethad
Aspeit Surtaoe Subsurface surface Subzurfare  Surface Subsurfare Surface Subsurface  Nowinal Wall ipdicstion
. e %f;gj Ing’icatiw lr_iéiaaigg{; %Mfcat_im 'ﬁ?ic‘f?z’?n inm’;:a:im iﬁdi(:g;i{gﬂ ?,ncj.'if.atiim iﬁcﬁ;ga’gg? Th.ifiki“sr?s}g_} ?mg:th
Examingtion 3% aft, % 0 gfr, R Fir, % #it, % aft, ¥ ajt, e ait, % ait, % aft, B! iy in.
freservice i 5.4 9.4 .5 8.8 8.0 a5 NS S 0,312 2 dess 178
.08 9.5 3,5 2,6 .8 4,2 a.2 1.7 7
16 9.8 4.8 5.8 8.4 8.3 8.3 - i.é b RERTS
G.1% §.8 2.4 8.4 8.9 .4 B4 7.8 F.9
I LD 16,4 @1 g1 & & 5B 2.1 g% 7.0 iid
0.24% 10,4 0.0 4,2 E f.7 #7 .7 2
.30 . 14,8 4.4 G4 .9 %.9 g3 %3 G oand oyer Tig
G.3% NG 0.0 .5 3.5 8.0 .40 g.5 8.8
N 16.0 FREIRE 8.7 3,7 4.1 4.1 R #, b
G.45 0.0 10, 5.8 4.8 .3 3.3 B/ B F
0.58 HEER it 10,3 .4 G4 °.4 #.5 8,2
inzervice G i BT 6.6 6 10.5 FRER 8.5 .5 0,312 or less .7
1.05 2.4 2.4 0.7 14,7 Frey ta.g 4.5 8.6
3.18 ir.2 LY -4 i1.8 11,0 1.4 1.4 9.7 4.7 S .7s
0, 1% ir.8 2.4 il 9 LG 1L 5 4.9 9.4
.20 .5 1e.% it.g 1. 6.7 i.7 G, i G R .48
.28 HER .5 1:.% ih5 10,9 1%.% .2 | RV
.30 12,5 2.5 W t1.# il 11l 10,4 1.4 3.} aho dwer .65
.38 7.5 12.% i1i.8 R 1.3 ii.z 1.6 1. a
0,44 i2.5 i2.h iz 2.3 1i.d 11.% i, 7 [T
3,45 12,5 12.5 7.2 2.7 1i.5 IR i, id.8
0,50 N 1Z.% 17.% iF.h 17 ti.7 ii.t 11.1
£a) t Ty pomingl wall thichness or acfual woll thicikness as delgsmined by U7 examinaling,

,b’t e tolal depth of subsurface indicaiion is Za.
Far intermesiate flaw atpect ratict afg, and thickngsz ¢, linear interpsiaticn iy peemissabie,

{c}






2.3 PRESUMED LIMITATIONS: ASME XI VERSUS FRG COGES

(2.3.1,2.3.2) argues that the ASME X approach to flaw $izing

Trumpfreller
is less thorough than the German Code rules, primarily because the ASME Code
contains no criteria establishing when an indication should be interpreted ag
emanating from a crack-like defect, The preceding was based on the 1971 edi-
tion of ASME XI which did not contain the mandatory Appendix I covering U7 pro-
cedures, Presumably, Appendix I in part sypplies the missing criteria. A more
pertinent c¢laim is with regard to the recording and action levels of ASME XI.
These levels have varied from 20% to 100% DAL, depending on the Code edition
(2.3.2] cites the Summer 1973 Addendum of ASME X}

in a comparison with the FRG Code., A wall thickness of 250 mm will yield a

and addendum, The author

recording level & dB below the amplitude of a cylindrical reflecior with a
diameter of 11 mm. A sound path of 500 mm results in the ASME XI recording
level being 10 dB higher than ihe FRG Lode, using Z-MHz ¢rystals about Z20-mm
dia. 1f the sound path is increased to 106U mm, the dB difference may rise to
iz. Trumﬁfheizer(g‘z’z)
in the above exampis, which is due Lo ¢alibration against larger diameter flat-
bottomed holes (ATME) versus the FRG J-mm value, will decrease the probability
of detecting reiatively large flaws,

argues that the decreased sensitivity such as cited

2,31 Qifference in Philosophy: ASME Versus FRG

One further difference in code philosophy is cited by ?rumpfﬁeller.(z'g"f

A statistical or probabitistic approach 18 used in establishing the ¢ize and
nuirber of acceptable defects per specified volume of weld, The ASME codes
gmphasize size rather than nunbers, see Table Z.3.1.

nger(z,z,ﬁ,z‘z,?} conducted a series of experiments which highlight
the simitarities and differences of the FRG WP 5/3 and ASME V and X1 Codes.
Table £.,3.2 from Reference 2.2.7 provides an excellent comparison of these
differences when applied to the examination of a weldment. The
autber’s{z‘g'ﬁ’z*z’?} approach was to conduct a testing program on different
types of reference biocks of varicus thickness, containing natural and arti-
ficial reflectors of known size, location and orientation. He rigorously
appiied ASME and HP 573 with regard to calibration, testing, recording and

reiectfrepair.

2.3.1



JABLE 2.3,1. Acceptable Defect Sizes and Numbers per Meter of Weld
{Reference 2.3.1}

Freguency of Defecis

Wall Thick- {n Layers of Rumber of Cefects Size of
ess, mm Thickness, mm per Meter of Weld Defect, mm
4G Lo 60 40 to &0 10 10

3 30

60 to 120 &0 10 10
4G

>120 &0 10 i0

3 50

NOTE: Standard volume for freguencies cited is l-m long by weld
width by 60-mm thick,

while calibration procedures differ as noted in Table 2.3.2, the sensiti-
vities in terms of (B have some interesting interreiationships as noted in
Figure 2,3.1. Of greater interest are the detection sensitivity and the deci-
sipn leading Lo recording or reject{repair, Figure 2.3.2 i3 a presentation of
data using ASME and HP 5/3 procedures. The reference biock, also iliustrated
in Figure 2.3.2, contains a series af 5., 7-, 10-, 14—, and 20-mn £lat-botiomed
holes of varipus depths inclined 8° te the normal. Another variable was refer-
ence block thickness. Both 45° and 70° probes, as well as the tandem tech-
nigue, were used. Hewever, only 707 probe data are given in Figure 2.3.2. The
symbots in Figure 2,3.72 denote whether the indicators are recordable or exceed
the reject/repair levels using coriteria in HP 5/3 and ASME 20% DAL and 50% DAL
levels, The data in Figure 2,3.2 are repeated in tabutar form in Tadle 2.3.3,

An analysis of the data in Table 2.2.3 is rather interesting. Without
prejudging whether the acceptireject criteria of HP 5/3 are too restrictive or
whether those of ASME ¥V {X1) are teo lenient, it is apparent thai recording is
synonymols with rejection in HP 573 whereas ASME Code rejection over the spec—
trum of ¥ilat-boitomed hole sizes used is limited to the largest adlameter holes
and not always there. 1t is interesting to note that the one case of rejection



TABLE 2.3.2. Comparison of Weld Examination According to HP 5/3 (Level C) and
ASME Code Section V for Wall Thickness Over 4 Through 6 in,

Sensitivity Setting HP 5/3 ASME
Calibration Method + 0
Transfer Correction : * 0
Recording Level * 0
Unacceptable Level + 0
Higher Sensitivity According to Test Results + -

Examination Technigue

Longitudinal Flaws

Two Different Beam Angles i *
Straight Beam Technique + »
Examination from Both Sides of the Weld " +
Tandem Technique * +

Transverse F1laws

Two Different Beam Angles * *
Examination from One Surface + +
Tandem Technique + -
Evaluation of Flaws
Evaluation of Flaw Amplitude ¥ 0
Length of Flaw + 0
Depth of Flaw + +
Height of Flaw + 0
Number of Flaws + -
Distance Between Flaws in Same Depth + ~
Distance Between Flaws in Direction of Thickness + -

SYMBOLS: + + Same examination methods
+ 0 Different examination methods
+ - HP 5/3 examination method

€.3:3
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FIGURE 2.3.1. Comparison of Calibration Sensitivities According
to ASME and HP 5/3 for Wall Thicknesses Between
4 and 6 in. (Reference 2.2.6)

occurred, at both 20% DAC and 50% DAC recording levels. Slight differences in
detection sensitivity occurred at 64° versus 76°; however, there were no
definitive trends. The detection sensitivities of HP 5/3 and ASME at 20% DAC
were virtually the same, indicating the principal difference is one of phil-
osophy concerning indication acceptance for a given signal amplitude.

Figure 2.3.3 permits a comparison of recording and rejection as functions
of ultrasonic beam travel path using both ASME and HP 5/3 sensitivity values.

Figure 2.3.3 permits one to see how close to the boundaries the respective sig-
nal amplitudes were.

Meyer's conclusions in Reference 2.2.6 are more understandable having read
his Reference 2.2.7 since some of the conclusions are not obvious from the
report contents:
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FIGURE 2.3.2. Flaw Detectability with 70° Angle Probe (Reference 2.2.6)
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TABLE 2.3.3. 70° Probe ASME V 20% DAC FRG HP 5/3 (from Figure 2.3.2)

5 ASME-A . K
A
e T Gt Adgle pEiae b Angle HP 5/3-D

Hole Size of Detected(a) Rejected Detected(a) Rejected
Hole No. {mm) Hole (mm) ASME HP 5/3 ASME HP 5/3 ASME HP 5/3 ﬁgﬁfl“‘ﬁﬂ‘grg

32
5 72
112
32 X X X

72

112
32

10 72
112
32

14 72
112

32

20 72
112

— e e
W o = O W o ~N~ O BN
~
> >

—
RS
2 3C > 3 > > D > > DX > >

> > > X > X > > X

XM > > X M X X < X

M > X 3 > M > > >

> > 3 x>

> > 3K > > > > . > > M >

—
wn

(a) Detected indicates recording level exceeded.
NOTE: 50% DAC

65° detected 13,14; rejected 13

76° detected 13,14
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FIGURE 2.3.3. Weld Evaluation According to ASME and HP 5/3
(Reference 2.2.6)

e It is necessary to use different probe angles (70°, 45°, etc.) and
to scan from different directions to ensure flaw detection.

® The tandem technique affords added reliability in evaluating defects,
compared to the single probe technique.

e Defect/rejection criteria should be in terms of the number of defects

per meter of weld to minimize unnecessary repair. (This is the same
point made by Trumpfheller.)(Z-3-1)

® HP 5/3 is more severe than ASME Y with regard to rejection using echo
amplitude as the criterion.

® MWith regard to detection the two codes yield essentially comparable
results.

Meyer's second report,(2:2.7) whije covering much of the information in the
first report,(z'z‘ﬁ) is limited in distribution and not for general

2.3.?



publication. In recognition of this, the reader is advised to use care in the
further use of the following information. Figure 2.3.4 represents a pressure
vessel wall containing a variety of welded-in discs acting as artificial
reflectors. These discs, varying in diameter and shape (circular, elliptical,
semi-elliptical), were welded into the 6° chamfer of a circumferential weld in
a 145-mm thick pressure vessel wall. The HP 5/3 and ASME 50% DAC criteria were
used. Table 2.3.4 covers detection and rejection for a 70° single probe as
well as permitting a comparison of the detection capability of the single probe
versus the tandem technique. The shift to 50% DAC may account for the appar-
ently lower level of detection sensitivity. The tandem technique detected the
near-field surface flaws but not those in the far field; however, the single
probe did not detect surface flaws in either the near or the far field. It
should be recognized that the preceding is not a definitive test of the
strength and weaknesses of either the single probe or the tandem technique.

SIT S ST EIR
! -

MANUAL SINGLE MECHANIZED
PROBE TECHNIQUE MULT]-PROBE
CLADDING SYSTEM (TANDEM)

FIGURE 2.3.4. Distribution of Introduced Defects in Pressure Vessel
Circumferential Weld Seam-Wall Interface and Ultra-
sonic Probe Locations (Reference 2.2.7)
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TABLE 2.3.4. Detection and Rejection on Bases of ASME V and
HP 5/3 for Clad Pressure Vessel Wall

Single Detection Only

Defect ASME HP 5/3 Probe Tandem
Code AN g g e f
gola) TR 0 0
81 0 0 X 0 0
82 X 0 0 0
83 0

Y4 X X X X 0 0
63 0 X 0 0
64 X 0 0
65 ? 0

a5 0 X X X 0 0
47 0 0 0 0 0 0
48 0 0 0 0 0 0
49 0 0 0 0 0 0

28 X X X X 0 0
29 0 0 0 0 0 0
30 0 0 0 0 0 0
31 0 0 0 0 0 0

) X 0 X 0 0
14 0 0 X 0 0

T X X X X 0 0

6 X X X X 0 0
g(b)

102 X X 0 0

L) 0 o0 0 0
10

i - 4 0
26 0 0 0

103 X e 0 0

7

(a) 80 is lower right in Figure 2.3.4. Numbers pro-
ceed up and to left to 9,
(b) 8 is lower left in Figure 2.3.4. Number proceeds
up and to right to 9.
NOTE: O Detected
X Rejected
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Meyer(z'z'?)

argues that the ASME procedure, where UT equipment is cali-
brated with notches or edges, is essentially unsatisfactory based on experi-
ence, whereas excellent correlations have been obtained with cylindrical
boreholes (flat-bottomed holes). He makes the point that most national codes
use flatbottomed holes for calibration.

Meyer(z'z‘?) cited several factors adversely influencing the detection of

flaws by UT such as the following:

® An adverse angle resulting from probe angle and flaw orientation may
cause a majority of the UT beam not to be reflected back to the
probe. (UT from both sides of the weld helps).

e Small planar defects normal to the surface are difficult to recognize
from either side because most of the UT beam is reflected in differ-
ent directions (the tandem technique may help).

e Laminations may shadow planar defects.

e Lack of fusion between weld beads will lead to curved surfaces which
cause UT beam scatter.

® Shrinkage stresses may result in compressive loads on the crack ren~
dering it transparent to the UT beam (with smooth surfaces and low
frequencies complete transparency is probable at > 20 Ninng compres-
sive stress).

e There is an interaction between defect size and its orientation;
small reflectors can be detected at steeper angles than large reflec-
tors because such small reflectors behave as if they are spheres; as
reflector size increases the UT beam is deflected in the opposite
direction so that even at small angles of defect orientation no part
of the beam is reflected back to the probe; this pertains to the tan-
dem technique also.

2.3.2 Acceptance/Rejection Criteria

The ASME UT rejection criteria is quite straightforward. If the reduction
in beam amplitude exceeds 100% DAC, the defect is rejectable. The situation is
somewhat more complicated for HP 5/3., A definite dB value (6 or 12 dB) above
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the recording level is the general criterion for repair. Between the recording
level and the repair level there may exist a definite number of reflectors,
depending on both length and number of indications, using l-m weld length as
the basis. If combined indications occur, the rejection level is usually
reduced from 12 dB to 6 dB., A comparison is made with ASME V; however, it
would be more relevant to use ASME XI where clustered defects are considered.
Table 2.3.5 contains permissible longitudinal and transverse flaws as functions
of wall thickness, flaw length, and number of flaws per meter of weld and maxi-
mum echo amplitude.

2.3.3 Reporting Levels

Work of Taylor and Selby(2'3'3) confirms some of the conclusions of

Meyer.(z'z’s’z‘z'?) The authors examined the 1974 edition of ASME XI

(through Summer 1975 addendum) and the 1977 edition (through Summer 1978 adden-
dum). These editions vary primarily in the reporting level of indications
(20% DAC in 1974 versus 50% recording and 100% reporting in 1977) and in cali-
bration standards (side-drilled holes 1974 versus notches 1977). The authors
preferred notches on the basis that they more closely duplicated the physics
of cracks. They felt that the decision to discard 20% DAC was unjustified on
the basis that flaw detection reliability was markedly reduced. Table 2,3.6
contains data for detection of notches in a variety of sizes of piping, There
is little doubt that 20% DAC yields more reliable results. Their point con-
cerning notches versus side-drilied holes is confirmed in Figure 2,3,5. The
notch is substantially less sensitive than the side-drilled holes,
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TABLE 2.3.5. Permissible Indications for Ultrasonic Examination (HP 5/3) (CS CK)

Longitudinal Flaw Transverse Flaw
Maximum Echo Maximum Echo
Evaluation Wall Thick-  Number Flaw AmpTlitude Number Flaw Amplitude
Group ness (mm) per Weld Length (mm) per Weld per Weld Length (mm) per Weld
CS - CK t <10 5 10 15 3 10 15
10<t <20 10+ 15 2 10 2
3+ 30 2
1 10 3
20 < t < 40 10+ 15 3 3 10 3
3+ 40 3
1 10 5
t > 40 10+ 15 4 3 10 4
3+ 50 4
1 10 8
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TABLE 2.3.6. Summary of Flaw Response Using 1974 and 1977 (1978 Summer Addendum)
ASME XI Evaluation Criteria
ASME XI 1974 Ed ASME XI 1977 Ed Through
Through 1975 Addendum Summer 1978 Addendum
20% DAC 50% DAC 100% DAC
Number of Number of Number of Number of
Flaws Flaws Flaws Flaws
Inspection Producing Producing Producing Producing Total
Angle | Recordable Evaluation Recordable Evaluation Measurements
Pipe Oiameter Beam Path Response Response Response Response Made
4 in. Sch. 80 45 [/ 1/2 V 72 72 72 37 72
Carbon Steel 45 | 3/2 V 72 72 65 19 72
60° / 1/2 V 72 72 59 40 72
12 in. Sch. 80 45: I 1/2 ¥ 108 108 86 25 108
304 Stainless 45 | 3/2 V 108 108 86 39 108
Steel 60" / 1/2 V 108 108 105 51 108
20 in. Sch. 80 45" / 1/2V 102 102 67 24 108
Carbon Steel 45 [ 3/2 V 98 98 48 g 108
60 | 12 ¥ 108 108 74 40 108
20 in. Sch. 80 457 / 1/2V 101 101 17 0 108
304 Stainless 45" [ 3/2 V  Sound attenu- Sound attenu-
Steel ated; no flaw ated; no flaw
4 response. response.
6l T2 ¥ 72 72 10 0 108
Total 1,021 1,021 689 284 1,080
Percent 94.5% 94.5% 63.8% 26.3%
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2.4 GOVERNMENTAL REGULATIONS

The government, whether in the United States or elsewhere, can have either
a positive or a negative impact on the applicable codes covering NDE procedures
and flaw acceptance levels. Emphasis will be given to the U.S. regulations
because of greater familiarity. Examples of how positive changes may come
about are contained in the Code of Federal Regulations Title 10 (10 CFR)(2‘4'1)
in Appendix A and Appendix B, and in 10 CFR Part 50.55(a), which deals specifi-
cally with ASME Codes. Positive actions also are promulgated through Regula-
tory Guides and Branch Technical Positions. Negative actions occur by failure
to take action. For example, an August 1978 reading of 10 CFR Part 50.55(a)
would reveal that ASME Section III, Division I, has been approved through the
1977 edition of this code including the Summer 1977 Addenda, while ASME Sec-
tion XI was approved only through the 1974 edition including the Summer 1975
Addenda. This difference was due to reservations in the Regulatory staff about
specific but limited items within the Section XI Code. One might consider such
an approach as using the bludgeon rather than the rapier; however, it is quite
effective in getting the attention of the Code groups. A further way to modify
the requirements may be done by a utility on an individual basis. Requests may
be made for exemptions to specific aspects of the ASME XI Code because of 1im-
ited accessibility of older plants; preference for examination procedures
embodied in Code Addenda not approved by USNRC, etc. These are reviewed case-
by-case, and approved or denied, or further information may be requested. Some
18 plants currently are under review with the number of requests varying from
a low of 4 to a high of 729. Obviously, such an approach may absorb a great
deal of Regulatory Staff time.

2.4.1 Examples of NRC Concerns About ASME XI

The negative action taken by NRC with regard to ASME XI was cited previ-
ously in failure to approve to 10 CFR 50:50(a)(2‘4‘1) beyond the 1974 Edition
and Summer 1975 Addendum. The NRC concerns were reviewed in an RC-ASME XI
meeting.(2'4'2) Beverly(2'4'3a) provided an excellent summary of the concerns

as well as actions to be taken to resolve the concerns. These follow:
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e NRC Concern

The Class 1 exemption criteria IWB-1220(d) based on postulated pipe
failures and the Class 1 single stream concept for selection of welds
for ISI, especially since it exempts many dissimilar metal welds from
ISI, is an area of NRC concern.

Resolution

Section XI will be revised (Summer 1978 Addenda) to require examina-
tion of all high-stress welds, terminal ends, and all dissimilar
metal welds each inspection interval. Additional welds will be
selected (single loop selection is permissible) to make a 25% sample.
NRC regulation will address "old" and "new" plants for application
of the above sampling procedures.

e NRC Concern
Class 1 single stream concept will exempt many RPV nozzle-to-vessel
welds (cat., B-D) from ISI.

Resolution

Section XI will be revised (Summer 1978 Addenda) to require 100%
examination of all nozzle-to-vessel welds each inspection interval,

e NRC Concern

Surface examination only on branch pipe connections in Class 1 piping
is not adeguate; volumetric examination should be reinstated.

Resolution

Section XI will be revised (Summer 1978 Addenda) to regquire both a surface
and a volumetric examination on branch pipe connections for piping greater
than 2 in. and surface examination only on branch pipe connections for
piping 2 in. and smaller, nominal pipe size. There is a 4-in., exemption
in Summer 1975 and earlier editions.
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e NRC Concern

ISI of steam generator tubes cannot be completely specified by Sec-
tion XI since continuing problems require that each plant's steam
generator ISI program be handled on a case basis.

Resolution

No revision of Section XI is needed at this time; NRC regulations
will make reference to technical specification requirements for steam
generator tube ISI.

e NRC Concern

Class 2 exemption criteria 1WC-1220(b), (c), (d), and (f); Class 2
Figure IWC-1220-1; Class 2 examination category C-F as it relates to
selection of welds for examination based on postulated pipe break
criteria. Class 2 exemption criteria are subject to misinterpreta-
tion that would exempt piping that should not be exempted from ISI.
Instead of allowing exemptions, Class 2 requirements should be stated
in a positive sense by specifying which types of welds or systems
should be examined.

Resolution

A joint ASME-NRC task group was established to rewrite portions of
Subsection IWC to state the ISI examination requirements in a posi-
tive view. These revisions of IWC, which will be published in the
Summer 1978 Addenda, include significant revisions of the Class 2
exemption criteria and a program for selecting welds for examination
to assure ISI of the welds most susceptible to flaw initiation and
growth.

The Class 2 exemption criteria based on postulated pipe break cri-
teria, separation from essential systems and components, and exemp-
tion of supports and attachments that do not provide component
support during normal conditions have been deleted. The other three
Class 2 exemption criteria of IWC-1220 have been modified and are
expected to read as follows:
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- Components of systems or portions of systems that during normal

(a)

perform a system function but remain flooded under static condi-

plant operating conditions are not required to operate or
tions or at a pressure of at least 80% of the pressure that the
component or system will be subject to when required to operate.

- Components of systems or portions of systems, other than Residual
Heat Removal Systems and Emergency Core Cooling Systems, that are
not required to operate above a pressure of 275 psig or above a
temperature of 200°F.

- Component connections (including nozzles in vessels and pumps),
piping and associated valves, and vessels (and their supports)
that are 4in. nominal pipe size and smaller.

The requirements for selection of circumferential piping welds for
ISI examination have been changed to require that all highly stressed
welds, all terminal ends of piping runs and branch runs, and all dis-
similar metal welds be examined each inspection interval. Addition-
ally, sufficient additional welds that are structural discontinuities
shall be selected to complete a percentage sample (as specified in
the revised IWC articles) of the piping welds for examination each
inspection interval. These same welds would be reexamined during
successive inspection intervals,

e NRC Concern

Revision of the preservice inspection (PSI) requirements for Class 2
components [IWC-2100(a)] which 1imits preservice inspection to those
components initially selected for ISI is not justified.

(a) Normal conditions include operating conditions, reactor startup, operation
at power, hot standby, and reactor cooldown to cold shutdown conditions.
Test conditions are excluded.
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Resolution

Because of rapid advances in NDE technology, comparison of PSI and
ISI flaw indication data is not as meaningful as was originally
thought. Also, Class 2 systems are designed with a high degree of
redundancy.

These factors indicate that a preservice examination of all nonexempt
Class 2 components would serve no useful purpose. Therefore, no
revision of Section XI is needed.

NRC Concern

Using 100% of the UT reference level (DAC) as the criteria for inves-
tigation of flaw indications is not sufficiently sensitive to be per-
mitted on a generic basis.

Resolution

Section XI will be revised (Summer 1978 Addenda) to require that:

1) all ultrasonic reflectors which produce a response greater than
50% of the reference level shall be recorded and 2) the size of
reflectors shall be measured between points which give amplitudes
equal to 100% of the reference level. The NRC will continue to
develop a regulatory guide to provide criteria for UT examination of
austenitic piping.

NRC Concern

Section XI requires a surface examination on Class 1 bolts and studs
only if they are removed from the flange. NRC believes the surface

examination of Class 1 bolts and studs is required; therefore, Sec-

tion XI should require their removal from the flange.

Resolution

Since tests are presently underway relating to these examinations of
RPV studs, no revision of the Section XI Code or the NRC Regulatory
Guide 1.65 will be made until further information develops.
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The NRC is presently preparing an amendment of the 10 CFR 50.55(a)
requlation that will upgrade the NRC's approval of Section XI Codes
up through the Winter 1977 Addenda. However, the regulation will
modify the ISI examination requirements of Section XI for the NRC
"areas of concern" as discussed above. The NRC is also considering

a "grandfathering" provision in the regulation for those operating
plants which upgrade to the Winter 1977 Addenda, but the grandfather-
ing would apply only to those examinations addressed by the NRC con-
cerns. In such cases, the upgraded ISI program in the concern areas
would be based on the Section Xl requirements contained in the 1974
Edition with Addenda through the Summer 1975 Addenda. Additionally,
the NRC is considering a relaxation of the upgrade frequency from the
present 40 months for ISI and 20 months for pump and valve testing

to as much as an inspection interval (e.qg., up to 120 months). It

is expected that this amendment of the 10 CFR 50.55(a) regulation
will be published for public comment in the Federal Register in the
next 3 to 6 months. (N.B.: This action has occurred.)

Presumably, there will be an update in 10 CFR 50.55(a) in the near future

as noted in Beverly's report.(2-4-3bJ(a)

It is reasonable to examine what may have been lost in enhanced examina-
tion through code actions taken since the Summer of 1975 which have not been
approved by NRC. Table 2.4.1 contains specific changes made since then.

2.4,2 Positive Regulatory Actions

An action not yet taken, but being considered by NRC, is to grandfather
plants through 10 CFR 50.55(a). The requirement now is to update the new code
every 40 months. Consideration is being given to 120 months, which would tend
to coincide with the 10 year inspection interval. This would provide relief
to both utilities and NRC staff who have been on a treadmill of updating of
requests for exemption.

(a) A revision was released for comment in January 1979.
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TABLE 2.4.1.

Augmented Inspections and Signirgcgngbgequirements

Added Since Summer 1975 Addenda

Added Requirements Since Summer 1975
Addenda up to Winter 1976 Addenda

Current Code Requirements
Up to Summer 1975 Addenda

W-1975--1WA-2233, IWB-2413, IWB-1210
Eddy-current examination of steam
generator tubing added for pre-
service and inservice examination.

W-1975--1WA-2300
NDE personnel required to be quali-
fied to SNT-TC-IA procedures.

W-1975--1IWA-2410, IWB-2411
Adds accelerated inspection Pro-
gram A to reduce overall exposure
to NDE personnel. [Consistent with
ALARA requirements of Regulatory
Guide 8.8 and 10 CFR Part 20.1{c)].

W-1975--1WB-2100(¢c)
Adds preservice examination
requirements for component replace-
ments, additions or alterations.

W-1975--Exam. Cat. B-A (Table IWB-2500)
Increases examination of reactor
vessel welds to 100% during first
inspection interval, with 60% weld
sampling examinations for subse-
quent inspection intervals.

W-1975--Exam. Cat. B-B (Table IWB-2500)
Increases examination of all steam
generaior (primary side) welds to
100% for first inspection interval,
with 75% weld sampling examination
of one generator for subsequent
inspection intervals.

W-1975-~Exam. Cat. B-J {Table IWB-2500)
Focuses examination on all pipe
break locations in one reactor
coolant loop, and selected branches
during successive inspection inter-
vals. Each selected weld receives
four examinations in 40 years.

W-1975--Mandatory Appendix 111
Procedure for UT examination of
ferritic steel piping added.

--Mandatory Appendix [V
Eddy-current examination of steam
generator tubing.

Requirement for steam generator tubing
examination not specified.

Requirement for qualification of NDE
personnel not specified.

Uniformly spaced inspection intervals may
result in excessive radiation exposure to
NDE personnel in later years of plant
service.

No preservice examination requirements
specified for component replacements.

Requires examination of only 5% circum-
ferential welds and 10% longitudinal
welds in reactor vessel during each
inspection interval.

Requires examination of only 5% circum-
ferential welds, and 10% longitudinal
welds in each steam generator during each
inspection interval.

Requires examination of only 25% of ran-
domly selected piping and branch connec-
tion welds in each loop, during each
inspection interval. Each selected weld
receives one examination in 40 years.

No procedures specified.

No examination specified.
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TABLE 2.4.1.

Added Requirements Since Summer 1975
Addenda up to Winter 1976 Addenda

{contd)

Current Code Requirement
Up to Summer 1975 Addenda

S-1976--1IWA-7000, IWB-7000
Adds rules for installation and
preservice examination of component
replacements, such as renewal
parts, subassemblies, addition of
valves and rerouting of piping.

$-1976--Table IWC-2520
Increases the frequency of reguired
component examinations from once in
40 years to once during each
inspection interval of 10 years.
Focuses examination upon all com-
ponents in one stream of redundant
systems rather than a reduced per-
centage distributed among all
streams of the redundant system.

W-1976—-1WA-1400(1)
Owner held responsible to retain
all calibration blocks used for
ultrasonic examination of compo-
nents in service.

W-1976--1WB-3500
Flaw evaluation standards extended
to cover each Examination Category
and replace Section III acceptance
standards.

W-1976--
Added steam generator tube plugging
technique for defective tubes.

1977 Edition—-Appendix [ now Article 4 of
Section V

S-1977--1WA-2300
Contains clarification with regard
to qualifications of NDE personnel.

W-1977—-
Four types of visual examination
defined; V-1, V-2, V-3, V-4; these
are specific to particular types
of defects.
Examination categories B-H and
B-K-1 changed to volumetric.
Examination categories B-L-1 and
B-M-1 changed to volumetric.

No rules specified.

Distributes the required component exami-
nations in one stream of each redundant
system among its respective streams, and
requires only one examination be com-
pleted in 4D years.

No responsibility specified.

Where flaw evaluation standards are not
specified, Section III standards must be
applied, which are not always practical.

No rules specified.

No effect.

Surface or volumetric pemitted.

Volumetric (surface) as required
acceptable.
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Exampies of positive actions taken through Regulatory Guides or positions
in NUREG documents have been cited by Lagleder.(2'4‘3c)
face examinations are required in reactor vessel closure studs per Regulatory

Supplemental sur-

Guide 1.65. In Regulatory Guide 1.14, Revision 1, added UT examinations are
required on pump flywheels. Regulatory Guide 1.83, Revision 1 in essence
replaces the code criteria for steam generator tubing examination and accept-
ance. NUREG-0312 addresses the concerns of boiling water reactor (BWR) feed-
water and contrel rod drive return line nozzle cracking and recommends enhanced
UT. In NUREG-0313, the stress corrosion of BWR austenitic stainless steel pri-
mary pressure boundary piping is considered and prescribed an augmented ISI
program for plants not conforming to a cited specification.
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2.5 FOREIGN REGULATIONS

Switzerland recently introduced an inservice inspection code borrowing
from features of ASME XI and the FRG KTA. Baschektz‘s'1J
code, discussing similarities and differences to these codes. Table 2.5.1 per-

reported on this

mits a comparison of these similarities and differences. Some aspects parallel
the NRC regulations; for example, consideration of access for ISI at the design
stage. There is no specific UT technique explicitly required; however, tandem
and single probe are favored. The detail relevant to NDE of ASME Class 2 and 3
systems tends to be more explicit than ASME XI. For example, Class 2 is
divided into two categories on the basis of risk, The higher risk is handled
like Class 1.

In Japan the status of construction examinations and inservice inspection
of nuclear systems appears to have stabi]ized.(z's'z) The Ministry of Tech-
nology and Industry (MITI) has jurisdiction over nuclear power plants under the
Electric Utility Industry Law of 1965. Two regulations were developed on the
basis of this law; namely,

1. Ordinance No. 81 (MITI) "Technical Requirements for Welding of
Electrical Facilities (Nuclear and Non-Nuclear)"

2. Notification No. 501 (MITI) "Technical Requirements for Construction
of Pressure Vessels and Other Facilities (Nuclear Only)."

The preceding were strongly influenced by the ASME Codes, differing in
stricter RT requirements than in ASME III, V.

In Japan the MITI codes which govern the design and fabrication of compo-
nents are still valid in the stage after plant operation as the maintenance
criteria.

JEAC-4205, "Inservice Inspection of component for light water nuclear
power plant," which specifies the detail of Inservice Inspection program was
revised in 198l; and the requirements of ASME Boiler and Pressure Vessel Code,
Section XI 1974 Edition (partially 1977), have been incorporated except that
the MITI code acceptance criteria of nondestructive examination is applied.
The relation between MITI codes and JEAC-4205 is shown in Figure 2.5.1.
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TABLE 2.5.1. Comparison of Selected ISI Requirements--Inspection Methods and Areas

Switzerland USA Germany (FRG)
_NE 14, Draft 1 ASME XI, 1977 Edition RSK (Draft)/KTA (Draft)

Volumetric Examinations: Volumetric Examinations: Volumetric Examinations:

e UT preferred but applica- e UT, RT and EC listed in the e UT for RPV and RCP strongly
tion of alternative NDT code, but alternative methods recommended, but alternative
methods possible. possible. methods possible in certain

e Particular technique not e Performance of UT examina- cases.
specified. tions for Class 1 and 2 e Combination of Tandem and

vessel and piping welds - single probe technique favored
specified. for RPV and RCP.

Surface Examinations: Surface Examinations: Surface Examinations:

e Suitable and approved o MP and LP examinations, but e MP, LP, EC allowed.
methods should be used. UT alternative methods possible.

acceptable in special cases.

Examination of Welds in Piping Includes Weld Joint

Plus Y2 T (but min. Y2 in.) on Plus Y2 in. on each side for Plus 1 T but not more than 2 in,
pach side of the weld for all surface and Y4 in. for volu- on each side for all examination.
examination, metric examinations.



EQUIVALENT
ASME CODE

SEC, XI
(1977)

SEC. V
(1977)
SEC. Xl
APP. 1
(1877)

SEC. 1}
NX-5000

SEC. XI
1WX-3000
APP. A
(1877)

CODES AND
ITEM REGULATIONS
-
EXAMINATION o
PRESERVICE METHOD 5205
INSPECTION AREA {1981)
EXTENT
MITH
MINISTERIAL
NDE
ORDINANCE
PROCEDURE N a1
CODE FOR WELDING
e JEAC IR-7901
INSPECTION e
MITI
MINISTERIAL
ACCEPTANCE ORDINANCE
CRITERIA NO. 81
CODE FOR WELDING
EVALUATION REQUIRES
SPECIAL
BT RACTUBR APPROVAL BY
MECHANICS
MITI
SEenss JEAC IR-7903
JEAC IR-7904

(HALF BEAD)
*REFERENCE DOCUMENT

JEAC 5205 "INSERVICE INSPECTIONS OF LWR POWER PLANT COMPONENTS"

Evaluation of an indication which exceeds the acceptance criteria of con-
struction codes by fracture mechanics is not allowed without approval of MITI

FIGURE 2.5.1.

and its advisory committee.

Japanese Codes and Regulations for ISI

In addition, MITI requires additional examination for special problems,

One example is the case of IGSCC of stainless stee) piping.
which the IGSCC countermeasure is not applied has been ultrasonically examined
more frequently than specified in JEAC 4205 with both 45° and 60° transducers
to get higher crack detectability and to ensure the integrity,

2503

A weld joint for
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Sweden recently published rules for the inservice inspection of

operating nuclear power plants. Generally, these rules tend to follow ASME XI
with the exception of the specifics of the ultrasonic testing. They favor the
P-scan developed in Denmark for UT. Unlike codes in Germany and under prepara-
tion in France where emphasis is on the reactor pressure vessel, the Swedish
code does consider piping. In part, this may be due to the higher probability
of integranular stress corrosion cracking.

Haas(z's'q) reported specific recommendations of a subcommittee of the

Reaktorsicherheit (German Reactor Safety Commission--Reactor Pressure Vessel
Subcommittee). These requirements are quoted in the following paragraphs:

The wall of the entire vessel must be inspected visually at the inner
and the outer surface. As far as necessary optical or TV equipment
may be applied.

In the present state of testing techniques, the additional perfor-
mance of an ultrasonic inspection is mandatory. If different tech-
niques can be introduced which are at least as informative as the
ultrasonic tests, this recommendation will be amended correspond-
ingly. Because the ultrasonic tests are given preference, this
technique is emphasized in the following items without denying the
potential for developing further techniques, for instance eddy cur-
rent, magnetic flux or liquid penetrants for surface cracks.

The design of the pressure vessel and the testing apparatus must be
suitable for the ultrasonic examination of the entire thickness of
the complete wall. In particular, the condition of weld cladding
must not prevent testing.

As the dose rate of radiation in the vicinity of the pressure vessel
at the time of in-service inspections cannot be predicted with suffi-
cient accuracy, the ultrasonic inspection should be carried out by a
fairly mechanized system. For regions where the theoretical dose
rate of radiation will be low, and where, therefore, tests are usu-
ally performed by hand, it must be demonstrated how mechanized remote
control testing systems can be made feasible in the case of an unex-
pected high dose rate prohibiting the presence of testing personnel.

The maximum of testing feasibilities is required, because, with
regard to the youth of the technology of the nuclear power industry,
operational experience is still not sufficient to provide the essen-
tial information for suitable selection of the vessel parts to be
tested. Nevertheless, it is intended to apply ultrasonic testing
procedures to those vessel parts which appear to be important and
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representative according to the present state of knowledge. The
areas to be tested could be extended, if future experience should
make it desirable.

The process of selecting the parts to be tested in a preliminary
state has been based upon the possibilities of hidden defects cre-
ated by manufacturing or of operational stress. Thus, the follow-
ing parts are to be tested as a minimum; all butt and nozzle welds,
ligaments between the holes for the control rod penetrating the head
(PWR) or the bottom (BWR), inner edges of the coolant nozzle holes,
bolts and nuts of the flange connection between the head and the
vessel,

Ultrasonic tests can be conducted by directing the sonic beam from
the inner as well as from the outer vessel surface. Because the
testing equipment which is provided for any of these cases can fail,
and because it may become necessary to carry out the ultrasonic test
from a compiementary surface in order to check or interpret indica-
tions which might be found within the applied system, it must be
demonstrated in what manner such supplementary tests can be made pos-
sible at all times after the vessel has been put into service.

The testing procedure has to be suitable, in order to be able to
detect free crack surfaces in the interior of the vessel wall which
are oriented vertically to the essential stress directions. This
means, for a large part of the region to be tested, that the ultra-
sonic beam has to be directed perpendicularly to these crack faces
or that a tandem or pitch and catch technique has to be applied. In
order to find cracks which are located close to the vessel surface,
the use of effective angular reflections may be applied. Testing
with a single probe technigue which cannot fulfill one of these con-
ditions for the beam directions is only acceptable if a more suit-
able technique is not feasible.

The transfer losses in the entire testing area and for each sonic
beam path are to be determined and accounted for as much as is feas-
ible. If the coupling is not secured by immersion technique, it must
be monitored continuously,

The sensitivity calibration depends upon the methods which are
applied in the individual case and the conditions in the testing
area. Therefore, requirements for the testing sensitivity have to
be defined on a case-by-case basis. However, the following condi-
tions and rules should be met.

If the ultrasonic beam can be directed vertically to the expected
crack surfaces or if the tandem or pitch and catch technique is
applied with regard to the expected crack orientation, the level for
flaw registration has to be set 6 dB lower than the echo level of an
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equally oriented circular reflector of 10 mm dia., These conditions
have to be met at each point of the beam cross-section which is being
applied.

If only a single probe technique is applied, the effect of angular
reflection cannot be used, and the direction of the beam is not per-
pendicular to the surface of the expected defect; therefore a higher
sensitivity must be calibrated. Circular reflectors with a diameter
of 3 mm which may be oriented vertically to the main beam determine
the registration limit to potential flaw echoes. This condition must
be met at each point of the beam cross-section which is used in the
tests.

For different techniques, the required sensitivity calibration has
to be determined by experiments. If in this manner only tests with
a relatively low sensitivity can be conducted, then the intervals
between these tests have to be correspondingly small.

(2.5.5

-3) compared the FRG requirements for ISI with those
of ASME XI. This paper tends to update the comments of Haas(z's'a) by incor-

Engl and Elsner

porating items covered in the draft version of KTA-3201.4, Emphasis is on the
examination of the reactor pressure vessel with little attention given to pip-
ing. There is a preference for the tandem UT technique for welds with suffi-
cient accessibility because of enhanced reliability of detection of planar
defects. Figure 2.5.2 compares ISI by the FRG requirements to ASME XI. An
examination of this paper highlights the basic differences in ISI philosophy
between FRG and U.S. An obvious example being the FRG requirement for access
to an NDE from both inner and outer surfaces of the pressure vessel.
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FIGURE 2.5.2. Scope of Inservice Inspection (a) in Germany and (b) to ASME XI
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2.6 SUMMARY

Major differences in NDE philosophy exist between the ASME XI Code and the
FRG HP 5/3 Code. These differences have been discussed in this chapter. It
appears that the principal difference is in the acceptance/rejection thresholds
for indications rather than in the detection of flaws.
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CHAPTER 3

DETECTION, LOCATION AND SIZING
(The Pressure Vessel Research Committee Program)

g | INTRODUCTION

The Advisory Committee on Reactor Safeguards (ACRS) wrote a letter dated
November 24, 1965(3'1'1)
the probability of reactor pressure vessel failure. The text follows:

recommending that work be done to reduce still further

3.1.1 ACRS Letter
Text of ACRS Letter to Atomic Energy Commission

Dear Dr. Seaborg:

The design of pressurized and boiling water nuclear power plants has
undergone many improvements with regard to safety, improvements which
markedly reduce the risk of significant radiation exposure to the
public in the unlikely event of certain accidents or system failures
in such reactors.

There is a facet of current pressurized and boiling water reactor
design practice which should be recognized, however, Containment
design is generally predicted on the basis that a sudden, large scale
rupture of the reactor pressure vessel or its closure is incredible.
Reactor designers have supported this view by detailing the extreme
care to be taken in design, fabrication, and inspection of a vessel,
and by specifying pressurization only at temperatures above the nil
ductility transition temperature. They further cite the excellent
record for large pressure vessels which comply with the ASME Boiler
and Pressure Vessel Code.

The Committee believes, with the industry, that the probability of a
sudden major pressure vessel failure leading to breaching the con-
tainment is very low. Nevertheless, it seems desirable and possible
to mgke some provisions in future designs against this very unlikely
accident.

1. To reduce further the already small probability of pressure ves-
sel failure, the Committee suggests that the industry and the AEC
give still further attention to methods and details of stress analy-
sis, to the development and implementation of improved methods of
inspection during fabrication and vessel service life, and to the

'3-1.1



improvement of means for evaluating the factors that may affect the
nil ductility transition temperature and the propagation of flaws
during vessel life,

2. The ACRS also recommends that means be developed to ameliorate
the consequences of a major pressure vessel rupture. Some possible
approaches include:

a) Design to cope with pressure buildup in the containment and
to assure that no internally generated missile can breach the
containment.

b) Provide adequate core cooling or flooding which will function
reliably in spite of vessel movement and rupture.

c¢) If breaching the containment cannot be precluded, provide
other means of preventing uncontrolled releases of large quanti-
ties of radioactivity to the atmosphere.

In view of the very small probability of pressure vessel rupture the
Committee reconfirms its belief that no undue hazard to the health and
safety of the public exists, but suggests that the orderly growth of
the industry with concomitant increase in number, size, power level,
and proximity of nuclear power reactors to large population centers
will in the future make desirable, even prudent, incorporating in many
reactors the design approaches whose development is recommended above.

Sincerely yours,

/s/W. D. Manly

3.1.2 AEC Concerns

The concerns in the above letter together with others cited by the AEC can
be written as the six questions:

1. What are the properties of and how effective are inspection tech-
niques for heavy-section steels?

2. What effect does the variation of properties and flaws have on the
behavior of vessels fabricated of heavy-section steels?

3. How effective are currently used inspection techniques and what new
inspection techniques may be applied to weldments and fabrication of
vessels fabricated of heavy-section steels?

3.1



4. What inspection and surveillance techniques may be effectively
applied to vessels in service?

5. How effective is the enforcement of ASME Boiler and Pressure Vessel
Section III requirements?

6. What control does the owner or his representative (Nuclear Engineer)
exercise over the materials, fabrication, and installation of the
reactor vessels?

3.1.3 Heavy-Section Steel Technology {HSST) and Industry Cooperative Program
(ICP) Projects Relevant to NDE

The response to generating answers to these questions was twofold., The
AEC funded the HSST Program managed by Oak Ridge National Laboratory (ORNL).
Industry funded an ICP which was directed and managed by PVRC.

The HSST program concentrated on material testing and analytic studies in
12 tasks, whereas the ICP work was divided into 10 projects. Project 3, in
part, and projects 8 through 10 dealt specifically with nondestructive exami-
nation. The original scopes are given below. Obviously, neither the time nor
cost schedules should be considered as representative since the programs are
still underway.

3.1.3.1 Project 3: Effects of Process Variables on Mechanical Properties

The effects of process variables on the mechanical properties of heavy-
section steels 10 to 12 in. thick will be studied. Included in this project
are studies of the “scatter" of test data, variation of properties at different
locations in the plate, effect of rolling reduction ratio, property dependence
on heat treatment, and identification of discontinuities detected by nonde-
structive inspection. Estimated cost: $833,000. Estimated schedule:

30 months.

3.1.3.2 Project 8: Development of Improved Ultrasonic Testing of
Weldments

Ultrasonic testing is currently employed to inspect welds in many applica-
tions; however, the equipment and technigues have not been generally accepted
because of the inability to detect, define, and interpret indications, A
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sophisticated method will be developed for the ultrasonic inspection of weld-
ments. It is proposed that the weld be automatically scanned and the resultant
ultrasonic data be fed into a computer which will analyze it and provide a
readout of exact flaw size and location. The equipment will also mark the
location of the flaw on the piece being tested. Many practical problems must
be resolved before such a system can be developed. Estimated cost: $267,000.
Estimated schedule: 42 months.

3.1.3.3 Project 9: Development of Ultrasonic Techniques for Inspecting

Vessels in Service

Two methods are proposed for inspecting reactor vessels in service utiliz-
ing conventional ultrasonic testing techniques. Although both methods now seem
feasible, many problems must be resolved before a satisfactory technique can be
developed and demonstrated. One technique involves designing and building a
complex positioner and recording device for immersion testing from inside the
vessel; the other presupposes that inspection of 100% of the vessel will not be
required and that all critical areas can be identified and monitored by ultra-
sonic transducers permanently affixed to the outside of the vessel. Estimated
cost: 3478,000. Estimated schedule: 36 months.

3.1.3.4 Project 10: Evaluation and Development of Advanced Concepts in

Nondestructive Testing of Pressure Vessels in
Service

Ultrasonic testing, utilizing conventional techniques, is being proposed
as a promising method for inspecting vessels in service; however, other more
sophisticated advanced concepts are in various stages of development. Their
applicability will be investigated and appropriate development work will be
performed to culminate in a satisfactory system for evaluating reactor vessels
in service. Estimated cost: $819,000. Estimated schedule: 48 months.

3.1.3.5 ICP-PVRC NDE Programs

The ICP-PYRC NDE programs can be divided into a series of progressive
plateaus, each of which will be discussed more fully later. The plateaus can
be summarized as follows:

3.1.4



round-robin ultrasonic or radiographic examination of weldments
containing natural flaws using the operators own equipment and
procedures

UT or RT examinations to one specific set of procedures which forbade
certain techniques and limited type of equipment

UT examination through weld overlay clad to existing procedures, but
with no provisions for internal calibration of weldment

improved UT examination through weld overlay clad to existing proce-
dures plus provisions for internal calibration

use of advanced techniques (acoustic holography, etc.) for evaluation
of flaws in weldments

statistical evaluation of round-robin data using assumed flaw sizes
and locations

sectioning of weldments and correlation of actual flaw sizes and
locations with values determined by NDE.

3.1.5
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3.2 STATUS OF EARLY PVRC TESTS

Several plates of various thickness were butt-welded, with measures taken
to introduce a spectrum of weld defects (porosity, slag, lack-of-fusion, crack-
ing). Additionally, nozzles were welded into plates with defects introduced
into the weldment. These weldments are summarized in Table 3.2.1. The current
status of programs on each weldment studied or under study is given in
Table 3.2.2.

3.2.1 Early Period

During the period 1967 to 1968, four butt-welds and four nozzle-welds con-
taining defects were examined, usually by five teams from different organiza-
tions. These teams hao the option of using their own examination procedures or
using ASME Section 111, Appendix 9. It soon became apparent that some degree
of standardization was required to permit a comparison of the data; therefore,
the reporting level was set at 25% Distance Amplitude Correction (DAC), the
specific angle-beam transfer method was recognized, and one couplant, glycer-
ine, was selected. Even with these variables set, virtually no agreement was
found among the teams. As a result of this lack of agreement, steps were taken
to control the following parameters:
transfer method
half- or full-node technique
depth measurement technique
instrument and transducer variables
gain multiple for scanning sensitivity
dual transducer techniques
personnel,

3.2.2 New UT Procedures

The control of these parameters was obtained through a series of revisions
to the so-called "old PVRC Testing Procedure."(3-2+1)
pared in Table 3.2.3.

The differences are com-

Changes continued culminating in two articles published in Welding
Research Bulletin 235(3‘2'2) in 1978:

3.2.1



TABLE 3.2.1.

PVRC-ICP Test Block Descriptions

Approximate
Identity Fabricator Thickness Type of Weld Intended Flaws
50 - 52 Babcock & 11 in, Butt-weld, ES Gross cracks
Wilcox (27 cm)
51 - 53 Babcock & 8 in. Butt-weld, Gross cracks
Wilcox (20 cm) sub arc
155 Babcock & 8-3/4 in. 18 in., (45 cm) 4, all cracks
Wilcox (22 cm) forged nozzle
sub arc with
cladding
156 Babcock & 5 1in. 18 in. (45 cm) 3, areas of flaws
Wilcox (13 cm) cast nozzle sub of varied sizes
arc
201 Chicago Bridge 8 in. Butt-weld 10, varied types
& Iron (20 cm)
202 Chicago Bridge 8 in. Butt-weld manual 9, varied types
& Iron (20 cm) metal with
cladding
203 Chicago Bridge 8 in. 21 in. (54 cm) 9, varied types
& Iron (20 cm) forged nozzle
manual metal
arc
204 Chicago Bridge 8 in. 18 in. (45 cm) 9, varied types
& Iron (20 cm) forged nozzle
manual metal
arc
251-J Combustion 11 in. Butt-weld sub arc 15, varied types
Engineering (27 cm)
252-J Combustion 8 in. Butt-weld elec- 3, areas of flaws
Engineering (20 cm) troslag of varied types
253-J Combustion 11 in. 24 in. (60 cm) 20, varied types
Engineering (27 cm) forged nozzle
sub arc
254~ Combustion 10 in. 17 in, (43 cm) 25, varied types
Engineering (25 cm) forged nozzle

3.2.2
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TABLE 3.2.2. Estimates of Present Status of Various PVRC Plate-Weld Samples (1981)

Weld
Specimen Ultrasonic and
Number Size and Type (in.) Radiographic Examination Analysis of UT, RT Sectioning
201 8.5-in.~thick butt- Completed by Unclad section Completed
welded flat plate 5 UT participants + Reference 3.2.1 Reference 3.2.7
6 radiographic + clad section
2 special techniques Reference 3.2.7
2514 11-in.-thick x Completed by Completed and Completed;
36 x 50 1/2 butt- 6 UT participants + pubTlished reports to
welded flat plate 7 radiographic *+ spe- Reference 3.2.6 sub-committee
cial techniques
202 8-5/16 x 24 x 34.6 Completed UT, RT spe- Reference 3.3.1 - To JPVRC
butt-welded flat cial techniques s 5 P
plate
155 8-5/8 x 39-7/8 x 10-1/4 Completed UT, RT Reference 3.3.1 - To EPRI
curved plate with 3,3.2
18-7/8 0D and
9-13/16 ID nozzle
welded in
203 8-5/16 x 48 x 48 Completed UT, RT Reference 3.3.1 - To JPVRC
20.8 0D and 11.4 ID % PR
nozzle welded in
204 8-5/16 x 40 x 40 Completed See PISC Reference 3.5.1 -
18 0D and 6 ID 3.5:5
nozzle welded in
50 - 52 11 % 36.5 x 55.25 Completed See PISC Reference 3.5.1 -
butt-weld flat plate 3.5.8
51 - 53 8 x 36 x 40.75 butt- Completed See PISC Reference 3.5.1 -

welded flat plate 3.5.6



TABLE 3.2.3. Ultrasonic Testing Procedure (PVRC)

Parameter 01d New

Specifies Couplant No Yes
Transducer Limited to One Type and Heat No Yes
Instruments Standardized No Yes
75% Response of Test Block for Both Angled

and Straight Beam No Yes
Transfer Methods Used Yes Only 1:1
Scanning Gain Setting 2 x Sensitivity > 10 x Sensitivity
Records A1l > 25% DAC A1l > 10% DAC

"Improved Repeatability in Ultrasonic Examination" and "Ultrasonic Testing Sys-
tem Standardization Requirements." Additionally, ASME Section X1(3'2'3)
oped Mandatory Appendices I and III for UT examination of pressure vessels and
piping. Subsequently, Appendix I was transferred to ASME Section V.(3'2'4)

devel-

The period 1967 to 1968 resulted in what has been defined as the first
plateau where virtually no consistency of results was observed from team to
team due to a lack of control over procedures. Achievement of better results
denoted as higher plateaus will be discussed under the specific PVRC specimens.

3.2.3 PVRC Specimen 201

Specimen 201 consisted of two plates nominally 8-in., thick joined by a
manual metal arc butt-weld (Figure 3.2.1) in which ten flaws were introduced.
In addition, two laminations adjacent to the weld were detected in later
studies. Both RT and UT were conducted. The data reported are based on the
use of the improved NDE test procedures. The data were analyzed in several
fashions. Formal releases of information were in an article in the Welding

Research Journal in 1971;(3'2'1) and in reports to the PVRC NDE Sub-
committee.(3‘2'5'3'2‘7) In essence, the following chronology has been in
effect:

1. Radiography and ultrasonics (revised procedures on unclad plate);
Plateau-2.
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FIGURE 3.2.1. PVRC Plate-Weld Specimen 201

2. Division of weldment into two sections with one destructively
sectioned and the other weld-overlay clad; this clad weld was
re-examined using Plateau-2 procedures; Plateau-3.

3. The clad plate was examined with conventional UT using additional
angles; drilled holes were incorporated for internal calibration of
the clad plate; Plateau-4,

4, Improved techniques such as acoustic ho1ography(3'2'5) and focused
transducers were used to dimension the flaws; Plateau-5.

A variety of analytic tools were used to compare the performance of the
various teams as well as to examine the detectability of each flaw.

Four ratios were utilized; namely,

F
Ry =mg x 100 Rypp =93

F-f F
RII=+UX100 Ra'F:leOO

where F = number of introduced flaws found
U = number of introduced flaws unfound
f = number of false indications.
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The data have been assembled into one large table, Table 3.2.4, and

represented in Figure 3.2.2.

(3.2.7) ¢ pyRc #201 plate high-

lights the differences between presumed and actual defect locations. The

The completion of the report on sectioning

report also confirms that one learns from the mistakes of others; As noted in
Table 3.2.4 and Figure 3.2.2, flaw detection through the cladding was quite
unsuccessful. The sectioning crew (F) was much more successful; however, they
used a variety of UT techniques as well as examination from both sides in
amassing the better detection record as noted in Table 3.2.5. Table 3.2.6
further illustrates the detection errors in flaw location.

It is apparent that a definite need exists for definitive and restrictive
UT procedures. Also, cladding seriously perturbs the validity of UT unless
actions are taken for internal calibration to correct for the effects of clad-
ding. The UT data yield nominal locations, but do not give flaw dimensions.

3.2.4 PVRC Specimen 251J

PVRC specimen 251J consisted of two 1l-in. plates welded together using a
submerged-arc single electrode multiple pass technique. Fifteen welding
defects (slag, transverse cracks, longitudinal cracks) were deliberately

introduced.

Sufficient work had been completed on PVRC-201 to highlight potential
problem areas. Therefore, the 251J examination was directed toward a
re-examination of the problem areas. Specifically, the following programs
were carried out:

1. Radiography by one team; later by six teams

2. UT 45° angle beam, 2.25 MHz using old PVRC procedures, plate unclad
3, UT 45° angle beam, 2.25 MHz using new PVRC procedures, plate unclad
4, (3) after cladding

5. UT straight beam, 2.25 MHz using old PVRC procedures, plate unclad

6. UT straight beam, 2.25 MHz using new PVRC procedures, plate unclad

3:2.8



TABLE 3.2.4. Nondestructive Examination of PVYRC Plate-Weld Specimen 201 (8.5 in. thick)

IREADED A " - WELD CLAD OVERLAY ULJR'@NIC'DE_TEC_H_ON IMPROVED PROCEDURES. | _FUAW DIMENSIONS lin.t
"X ¥ T .. RADIOGRAPHIC DETECTION _ UNCLAD PLATE IR T1A{PROCEDURES FOCUSED ARC ACOUSTIC HOLOGRAPHY _ DESTRUCTIVE SECTIONING _
FLAW CHARACTERISTICS wibTH unGIH oePT WIOTH_ _LENGTH P v 0w x vy Z 7' DETECTER A B & 0 E. DETECTED A 8B L. D E  DETECTED  F TRANSDUCER LENGTH X WIDTH X HEIGHT ~ LENGIH  WIDTH  DEPTH
A, TIGHT CRACK ~15ir LONG 1475 1975 41 15 193 0211 42 Foor F Foou r 515 F F F F r 545 . . . . .
B. SLAG ~14fn LN 150 L0 2.0 15.38 20570 363 Z0 T £ u o F 3(5 F F F U F 415 (5/5) U b F U U 25 F f ladx 1.2x 09 i.41 ~1.2 ol?
€. CRACK ~1&in LONC 140 535 10 14.1 s4 10 718 Lo rou u (TR F 115 Y F el P F ELT LTI u U U u s F YOT SCANNED Lic D04 L% ~0.1 018
. OPEN CRACK NETWORK 0 7in LONG by 100 o5 16 168 TOI7.8 05 oo u TR 1 0I5 (0% F F yhat M ‘ 05 (45 _ i i )
£ LACK OF FISION 0.%in LONG 140 2L0 as 13,54 2.1 Tol LS T u (TR I 5 115 u F y'e! u u lsiaise - . . . -
. INTENDED LACK 1.0in LONG 150 160 55 15.2 15.88 T0 16,88 5.4 EOF F FOoF u 415 {5/5) r F F u'?? F 4151550 _ . , . ,
OF FUSION
NOTFUSION (SLAGT!  ~19in LONG 14.0 0.93 &) 14.68 OFT0 L2 1 b F u v 1] 15 U F u Tid U L5 4215 ] 0] B 1] ] oS F ] Lo x 018 x (L1 L9 ~02 0.03
H 3LAG ~14in, LONG  16.0 5.0 15 15.7 43270 5% 74 [FR 1] u F F 215 U F F 3 F at5 It F f ] 1] 25 F F 192 %017 x [.2Y L6 -a2 o2
1. SLAG ~13in. LONG 1575 LD 7.0 15.15 03 10 160 7.9 u o U u oo u w5 U F F F F 415 i F L u 115 f NOT $CANNED 075 0,32 x 0.27 1.3 -0z Lps
12. SPONGY AREA 043in. DA l47 21D 2.5 475 -2L00 2.5 LU U uou U w5 F Y u u u 15 , . - -
1. LAMINATION 1425 11 14 14,25 0110 21 46 u U u u u os u u U u u w5 F F NOT REPORTED ~2 0§ ~0.2
2. LAMINATION 1425 35 45 14,25 21470 9.89 4_5} NOT DETECTABLE BY RY U u u u U ols u I u U u o5 F NOT SCANNED NOT REPORTLD ~D7s . -
F z 4 a4 2 5 4 5 9 T 0 3 2 4 0 7 3 5
It 8 6 6 g 5 b 7 3 7 43 g o 5 7 4 D i} 0 1 2
f 2 0z a4 1 & 4 0 2 g 3 et 3 1 0 o ¢ 0 0 1 1 0
R, o3 01\ 7 42 0B PSR ¥ LY S T LU 58 0 @ 2w 0 D 100 7 7l
i L D 77 0 42 5 T L3 27 40 o 4 b 0 £ 50 n
R 020 G50 040 0.22 040 040 07 Ls a3 Ll 08 Lo 1.2 0 a7s G4 0 o .00 15 2.5

NOTE:  RT - 2.5 MeV BETATRON: 1M in. FSD
SIMGLE FILM: PENETRAMETER 1% DETECTED. HT - CONSISTENTLY DETECTED SOMETHING AT X = 13, ¥ = 1551%)
FOFOUNDE U (UNFOUND D £ OFALSE INDICATION)
X - NO CHANGE [N UT PROCEDURE EETWEEN CLAD AND UNCLAD
ia) APPARENTLY FLAWS DETECTED FROM REVERSE SIDE OF PLATE WERE PLOTTED AS IF FROM FRONT. DISTANCE WAS WRONG.
(b FLAW TWO INCHES TO LEFT
F

R -prpxio
F-1
TR aTER L
F

R rvo

BASIC UT 45, 225 Mz
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and by Sectioning Crew (F)

Comparison of Uetection of Defects in Clad PVRC Block 201 by

Teams A, B, C, D, E,

TABLE 3.2.5.

Detection

Sectioning Crew (F)

Dl

OIS o

=1 =)

Y

i

=

ile

ol @l ”

o

—

Q

e

UaU_U
a

vio| w

QWO

=2

—

5

Slo

win| w
=

o

=

f—

Co_
o 7 [fe
w] o

o

o

e

Ll o

(53

=3

Y

o]

>

v

oo w

o

=

3
=] o
=
o
=1 0y
w

(a) Probably 45° 2.25 MHz.

3.2.9



(%)
'y
- &
I
an
— =
i




Assumed X

Measured X

[
k23

- =

r

FOC.

[T

B-CLAD X

C-CLAD X

& Spread X
¥
?

TABLE 3.2.6.

Variability of Results on Specimen 201

As Ba Ca Da Es Fa GA Ha [a 124 la 24
14.75 15.0 14.0 16.0 14.0 15.0 14.0 16.0 15.74
19.75 3.0 5.75 17.0 21.0 16.0 .83 5.0 1.0
4,125 2.0 1.0 0.5 5.5 5.5 7.0 7.5 7.0
15,0 15.4 14.3 16.0 13.9 15,2 14.7 15.7 15.8 14.8 14.3 14.3
19.3 to 21.1 2.3 to 3.6 5.4 to 7.2 16.8 to 17.8 21.1 tp 22.1 15.9 to 16.9 -0.B to 1.2 4.3 to 6.0 0.3 to 16 ?21.1 0.1 to 2.1 9.1 to 9.9
4.2 2.0 1.0 0.5 1.25 5.4 7.6 7.4 1.9 2.5 4.6 4.5
15.0 15.7 15.9 14.9 14.9
19.8 2.2 17.5 15.3 21.3
4.1 2.0 0.7 5.0 34.0
15.1 15.8 14.1 15.9 13.9 15.4 14.3 15.6 16.5
19.4 ] 17.0 22.0 16.4 0.3 4.9 -
4.0 2.5 3 1. 1.0 5.3 7.5 7.5 7.3
15.1 15.5 15.5 15.8 -16.0
19.6 3.0 16.0 4.5 1.3
4.0 to 4.6 2.0 5.3 7.0 to B.O 7.8
15.0 15.4 14.2 16.3 18.5 15.8 15.8
13.5 4.8 14.13 14.3 3.8 2.4
4.3 2.1 1.1 3.9 L] 7.8 7.1
15.1 15.5 14.4 16.0 15. 16.1 15,0
20.5 2.5 6.3 17.0 16.0 4.8 1.0
4.0 Z2.0 1.0 0.8 5.3 6.8 7.5
15.8 14.6 14.0 15.5 16.3 - 14.5 14.5
1.8 to 3.5 5.0 to 6.3 -0.8 to 0.% 3.3 to 5.9 EP 0.8 to 2.4 3.5 to 9.6
1.8 1.0 7.3 7.4 7.3 4.3 4.5
15.2 15.3 14.3 to 156.3
2.6 to 3.6 4.4 to 6,1 -0.6 to A.H
2.0 7.3 4.4
15,0 14.6 14.8 16.0 16.5
1.0 6.0 0.0 4.4 1.0
2.0 1.0 7.5 7.5 7.5
15.6 16,3 16.5
3.0 5.0 1.0
2.4 7.7 8.1
15.5 i5.0
3.0 4.3
Z2.25 8.0
-0.2 to 10.1 -0.4 + 0.4 2.0 + 3.0 -0.1+0.3 +0.0 -0.2 + 0.8 ~7.0+ 0,1 -0.4 + 0.6 -0.8 + 0.7 +0.1 +1.0 +0.2
-0.8 ~0.5 + 0.0 -1.1 + 0.0 2.5 + 0.0 +),0 -2.6 + 0.0 =0(,0 -1.0 + 1.0 ~-0.0 + 1.5 0.0 + 0.3 -0.5+ 4.5 -0.6 + 0
-0.2 + 10.4 -0.2 + 1.0 -0.2 + 0.1 -0,0 + 0.5 -3.0 *+ 0.0 -0.4 + 0,1 -0.6 + 0.0 0.6 + 0.6 -0.9 + 0,2 +0.9 -0.3 + 0.0 0.0

NOTE: & - Deviation from measured value,
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7. (6) after cladding

8. UT 60° angle beam, 2.25 MHz using old PVRC procedures, plate unclad
9, UT 45° angle beam, 1.0 MHz using new PVRC procedures, plate unclad
10. UT straight beam, 1.0 MHz using new PVRC procedures, plate unclad

11, UT 45° angle beam, 1.0 MHz using new PVRC procedures, examination
from clad side

12. UT 45° angle beam, 2.25 MHz using new PVRC procedures, examination
from unclad side,

In addition, an acoustic holography examination was conducted from the
unciad side of the clad plate.

The raw data were statistically analyzed by 8uchanan(3'2'6) using a defect
identification criterion to permit an intercomparison of the teams. This cri-
terion consisted of adding certain tolerances to the intended defect dimen-
sions. If the dimensions fell within the bounds, the indication was accepted
as a correct defect identification. Two criteria were used, one with a 1.0-in.
tolerance and the other with a 1.5-in. tolerance. This approach tends to
assume that the flaw size and location are about as stated in the fabrication
document and that errors are due to examination procedures; however, the cur-
rently available sectioning data indicate that neither the flaw sizes nor the

flaw locations was precisely as indicated.(3'2'?’3'2'8)

In some instances, the
flaws were much larger than presumed. It should be recognized that the data
presented in the tables assumed that the predicted sizes and locations were
correct. Figure 3.2.3 from Reference 3.2.6 illustrates the presumed size and
location of flaws., Table 3.2.7a describes the presumed flaws and presumed
tocations and contains the results of the NDE studies cited previously. The
data are included as are values for RI’ RII’ RIII’ and R, The data for R are
given in Figure 3.2.4,

Table 3.2.7b summarizes the RT data using a format similar to

Table 3.2.7a.
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TABLE 3.2.7a.

Nondestructive Examination of PVRC Plate-Weid Specimen 251J

ULTRASONIC EXANINATION
457 ANGLL BEAM 2,25 MH -

ULTRASONIC EXAMINATION 457 ANGLE BEAM, 7.25 MH: - NwW PYRC PROCEDURES WSED
flniad = S -

OL0 PYRC PROCEDUALS USED . CLAD
ACTUAL CODRDINATES 1| NCHES| INTCHDED CORDINATES (| NCHCS I 0 B T o DETLCTEDR . £ DLTECTED & B _
FLAW CHARACTER|STICS X i L _LENGTH TWIDTH Y. DiPiHez 1o 15 Lo 15 10 15 10 45 10 L& 10 15 10 15 1& 15 L0 15 10 15 16 15 1&¢ 15 14 13
A, CROSS-CRACK 025 24-82 G0-13 2HT0HIS m ] T T U U F owou Wwouw o oenom U F oy U U F 14 owAou L OF F LU Ly
B. LONG SLAG INCLUSION w3-M%5 l61-181 05-11 2425 16070 18 00 10 T T TR U S TR L S U | T A I T [P U T
€ LONGITUDRINAL CRACK /- WI-NL 91-12 B EITLRGEEN | o Jo4 oL U F F o ouow Fom3a 23 o0 0 ¢ F ¢ F 4 s U F F F & F o0
D, LOWGITUDINAL CRACK 1-256 22-%5  24-31 250 FmMTO Am 1 Jouw o .ou F F iU FooLy ¥ U F F T Q0 F M4 M4 F F T F r F L
E.  CROSS-CRACK 3255 PI-186 30-32  BwTOIxis 0 275 iouwoLbouw F F uou [T ' -5 S T 1 v N T
£ SHORT SLAG INCLUSION w1 /E O OWE-3E 18-77 BN WAHITO 3L 3 b33 I T T U TV F 33 % F F F F ¢ F 24 24 U U [ N TR T
G, LONG SLAG INCLUSION w2-2A 2P A4 4654 S PN Am 55 P P T | N Fotm &% o 0o ¢ F oy F 4 3 y F F F P F 0o
“. LONGITUDINAL CRACK mi-264 0 1-N9 sp-57 WaS 16,00 7O I8 0 550 4 o LU ouwouogou Foya o ® u0 F o F o0 U ka4 o Mouw U F F 0oy
| CROSS-CRACK -4 WI-WO 5Z-57  BmAOHM N 55 Joow LoLououwoyou v ol W»ou Uy Foouwoouw o 4ououwoL R BT
1, CROSS-CRACK wm1- 28 30- 44 75-41  RUTIOITS 3.0 215 [T Y P | R ¥ R | I B 1 voowiy o3 u U ouw U4 oy v D4 M U ouwouoT . L U
K. SHORT SLAG INCLUSION 751-755 171181 g0-43 OCTOESTS  LTO0 875 EOF L FUoyuu Fowy 2 u o uoF F o F Lao2 uouworod . F Lo
L. LONGITUDINAL CRACK /1-257 M1-BY 1p-32 B0 MGTO X el JF . L U ouwouowu Fows M ouoouwor Foowooyo o2& ou F [ S TR |
M. LONGITUDINAL CRACK BI-Y 0 10-50 0 93- 100 S PO0TO 40 W00 FOF L U U F uou Fow3 M U ou F F 0ouoldowoLob o T,
K. CROSS-CRACK /BE-2 168136 93 9% FST028IS T w4 v v F F F oy o u L P O T O L [E TR (R
0. LOMG SLAG INCLLS I0M l-263 WE-W4 np-103 2625 wxie3ko W d uoow LU ouoouwou F oo 1 b ou oy U op F 24 4oU uoe K Bou ouou
F po3 62 5 § 0 0 101 o3 9 114w T T & R S T
U I3 012 15 13 W ¢ 15 15 o s 4 1 & Wom 72 & 5 1% 1
t w15 4 ¥ ¥ s & B8 13 ] Ty o ko7 LA I [ T kS P4
R 3om o130 ors o0 0 W73 PN oW Bon L R N R R
R, S T S D £ N | s R (R | L & S Y. R« B I S S T B LAY
LI 007 0K 0 NI3 026 ez 0 0 DS @i oM 025 01 BF oM o 005 G642 031 18 pa o 1za 0 404
OTHER LLTRASON | PROCEDIRES
UNCLAD Al
oD PYRT MW PVREC NEW SVRC MW PVRT PROCEDURE
_ _ — VLTRASONIC EXAMINATION STRALGHT BEAM, 275 MMz PROCEDURE FROCEDURE  PROCTOURL STRAIGHT  FROM CLAD SIDF  FROM UNCLAD SI0F
LI PURE PROCEDURE VSED NEW PYRC PROCEDURE LISED a0 725 MHz 45010 Mg BEAM, ] Wz 452, | [ MHz 850 225 Mz
OTECTID A B _f  DLTLCTED & B _E DMTICmD A N T A L' A T E 1 £
FLAW CHARACTERISTILS 10 15 10 15 19 15 14 15 10 15 18 35 106 15 10 15 18 15 3¢ t5 10 L& 10 15 1o 15 10 I5 10 15 10 15 g = 5 T 1s 10 5
A, CROSS-CRALK W W Ot L L v ouw U@ e vVl T o Uy WMoy v r vy n o T T T T T Ty o T o R
B.  LONG SLAG INCLUSIOM % & U U L U op U omyow o w U o u oy uy gy ooy oy o2 Lo b0owWououo U owouou F ' n L v " u u
L LONGITUDIMAL CRACK B3 oMy 0 U0 L U op UMW oW U F F U WM MLy, oL P F F T WU b F U R U I ¥ 3 . u
0. LOMGITUDINAL CRALK Wi &% U U L b oy U HY M F F F F U F W ¥ § ¥ F F F F U U U u uoor F F F F L F
E.  [CROSS-CRACK % @l L U U U 0o U W o U U U oy oy o W M oy g uoUuuuouuUwouuuF u L u u u u
F. SHORTSLAGIKCLUSION O3 o & U v uw y U @@ ® u U u o o @ ¥ ¥ | & F F U U U U WL L ¢ F £ 1 1] 3 u ] ] u
G.  LONG SLAG INCLUSION By 03 0 ouwoouw by 0o Wowy U U ououou oW WM oy op FOF F F UoUWouwoLou Fu P u I F F F
B, LONGITUDINAL CRACK 63 W3 v Uy L U upy U oMW WU U F F oy Yy @ W oy v F F F F U U U v Y F U I U u U u N u
I.  CROSS-CRACK ¥ o4 u o uouw oWy Uy U U F FOF F M 03 ¢y ¢ U U U U U U oL L Y v U L 3 F ] ] y u
1 CROSS-CRACK ¥ 043 v U Vv u oy u i Wy ouw U U F W W M W oy w oYy U U F U U B oW U UV L Wb u r U u u "
K. SHORTSLAG INCLUSION B3 o3 U0 U0 L O g 0 % ¥ w U u F oy oy B MW w op F F F F U U v U w U U F F H U U F H
L. LONGITUDINAL CRACK M3 @3 L LU L U oy oA F F F ¢ oy ow M M 4y w u U F F v UL 2 U U L U u 3 F u F ]
M LONGITUDINAL CRACK L VTS VR NN N N T | N [ NN U S T VI S 4 ULy ooy o ow o F F D F o LoLuoM ¥ LWL £ r L ¥ u u
N, CROSS-CHACK Yy 43 U U U U oy oUW W ow U U oF U U W WYy uou F uoUouoLWH WUy u L v v u u
0. LONG SLAG INCLUSION ¥3I I L U U U U U M W W U U uw F F 0¥ DN y U U L U U W U U U U W F F F F W u L u
' 6 0 © 0 0 0O @ T o6 9 2 3 11 ! B & B K 01 1 1 % 4 @ ; 3 1 5 3 3
] LI LI T I L JERNE S T £ I W oM B 7T % 7 15 15 14 4 14 W0 U & 8 7 14 1t 1 12
f VIR I R i i G0 2 p 5 4 t o i I 2 o 1 1 7T 7 & 5 o 7 B ] H ? 7 %
’, 6 o o0 o 0 9 1303 M4 s 3 A T7 4 5% a0 3 0 ¢ 7T OF 1t 3 N 8 47 53 7 33 13 )
Ry [ T N B Y JE I E S+ S R /R T oM & 78 W R M - A7 0 -8 P -7 i -40 n 233 -220
LI ¢ o & b 0 0 015 015 055 150 0.4t 019 007 OOF 076 104 055 114 0 0 O 005 00F 033 Cl9 068 pm 053 .3 04 0w 0w
NOTE  FAFDUND b L IUKEOUND T 1 FALSE [NDICAT HOM
R, ® rF— R
By - E g
R 7D
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TABLE 3.2.7b. Nondestructive Examination (RT) of PVRC Plate-Weld
Specimen 251J

Radiographic Examination Team
(1.5-in. Tolerance where given)

Flaw Characteristics  c® 10 3 4 5 6 Detected
A. Cross-Crack ] ] ] ] u U u 077
B. Long Slag Inclusion F F F U £ U F 517
C. Longitudinal Crack u u u u U U U 0/7
D. Longitudinal Crack u F U F F F F 5/7
E. Cross-Crack U U U U ] u u 0/7
F. Short Slag Inclusion U F u F F F F 517
G. Long Slag Inclusion F F F F F F F 717
H. Longitudinal Crack U F F F F F F 6/7
I. Cross-Crack u U U U U u U 017
J. Cross-Crack U U ] u U 1] U 0/7
K. Short Slag Inclusion F F F F F F F 7117
L. Longitudinal Crack u U U U u u u 0/7
M. Longitudinal Crack F U F F F F F 6/7
N. Cross-Crack U U u u u u U 0/7
0. Long Slag Inclusion F F U F F F F 6/7
F 5 7 5 7 8 7 8
u 10 1 4 0 0 0 1
f 4 8 10 8 7 8 7
RI 33 47 33 47 53 47 53
Rt 7 40 7 47 53 47 47
Ripr 6.36 0.79 0.36 0.8 1.29 0.8 1.00

(a) Used three angles 0, +15°, -15". y
(b) Defects not identified in WRC-259. Values assumed lack of #15° prevented
Z dimensioning.
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3.2.4.1 Acoustic Holography
(3.2.9)

General Electric examined the clad plate using acoustic holography.
Initial examination indicated poor image quality through the cladding so fur-
ther studies were limited to the unclad side. Examinations were with 2 and
3 MHz longitudinal and 45° shear wave. The data are presented in Table 3.2.8.
A significant item is the lack of imaging from flaws too close to the surface
when examination is Timited or non-existent from the other surface.

The significance of actual flaw location versus presumed flaw location is
highlighted from a 1imited and rather cursory study of RT and UT C-scan after
initial sectioning of Specimen 251J. Thirteen data points change from false
(f) to found (F) which increases the values for the 45°, 2.25 MHz new proce-
dure--from a cumulative Riy of 0 to RII of 58%.

3.2.4,2 Statistical Evaluation

The preceding helps clarify some of the apparent discrepancies in statis-
tical evaluation contained in Table 3.2.9 where the averages and standard devi-
ations from RI’ RII and RIII are compared within and between Specimens 201 and
251J. A similar plot will need to be made for corrected 251J data to establish
the actual degree of improvement resulting from the new procedures.

Another way to examine the data is to consider the significance of the
various flaws in terms of fracture mechanics parameters. The following are two
major assumptions for such an approach:

e Cracks are more critical than slag inclusions.

® Flaws near surfaces are more critical because residual, thermal and
bending stresses are higher there;
- Most critical are A, C, M, N;
- Less critical are D, E, J, L.

® Least critical of cracks are H, 1;
- Minor significance are slag inclusions B, F, G, K, 0.
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TABLE 3.2.8. Acoustic Holography Examination from Unclad Side on Clad Plate(3-2.9)

Code in
EDO-2735

13
14
c 15
D 10
E 11
F 12
G 7
H
I 9
J 4
K 5
L 6
M 1
N 2
0 3
F
U
f
Ry
Ri1

Rim

Fall Within

Tolerance
1.0 Dimensions and Orientation
A Y L 1.0 Height Length Degrees Detected by
R e - = - Not detected
H ¥ ¢ B 1.7A 2.0A Longitudinal; 45° shear perpendicular
(1) to weld
i ome g - - - Not imaged
Y %% & 4.2 2.9 98 45° shear; | weld
Y NY F 1.9A 1.0A = 45° shear; | weld
N Y Y ¥ 1.4A 2.4A - 45° shear; | weld
¥ V¥ ¥ 22 1.9 114 45" shear; 1 weld
Y Y CE A3 5.6 85 Longitudinal; 45° shear parallel (//)
and | weld
¥ *'Y § “0.7A 1.7A - 45° shear // weld
Y Y Y F 0.7t00.98 2.7 to 2.9 - 45° shear | and // weld
¥ %Y F 0.7 0.6 69 Longitudinal; 45° shear | weld
Y ¥ ¥ ¥ 1.0 3.9 80 Longitudinal; 45° shear | weld
- v - - - Not imaged; too close to surface
- U - - - Not imaged; too close to surface
- U - - - Not imaged; too close to surface
10
67
67
2.0



TABLE 3.2.9. Comparisons of Examination Results for Plates 201 and
251J, Means X and Standard Deviations (o)

Parameter
8 Rt Rt
Test Conditions 1.0 1.5 .00 1.5 1.0 1.5
Plate 2514
45°; 2,25 MHz
01d PVRC X 23 32 -41 -23 0.18 0.32
a 28 30 30 38 0.24 0.33
New PVYRC X 31 53 -51 0 0.20 0.54
o 27 24 19 10 0.15 0.25
New PVRC X 25 47 -47 7 0.21 0.73
(clad) a 26 35 44 55 0.22 0.60
Straight Beam
2.25 MHz
01d PVRC X 0 0 -2 -2 0.0 0.0
o 0 0 4 4 0.0 0.0
New PVRC X 22 31 7 22 0.27 0.61
o 16 25 24 34 0.24 0527
New PVRC X 31 38 25 36  0.47 0.74
(clad) a 21 27 17 25 0.36 0.58
Radiography X 20 33 -20 7 0.17  0.36
Holography X 67 67 2.0
Plate 201
01d PVRC X 54 27 0.92
o 15 27 0.52
01d PVRC X 14 14 0.23
{clad) o 20 20 0.25
New PVRC v
(clad) X 100 86 7.0
Radiography X 29 2 0.35
a 10 7 0.12
Holography X 71 71 2.5
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Table 3.2.10 gives some idea of the relative effectiveness of both tech-
niques and operators in detecting the various flaws. It is interesting to
observe that the 45° angle beam 2.25 MHz was quite effective in detecting flaws
through the clad.

An attempt to quantify the results of NDE is given in Table 3.2.11 where
the ratio of found-to-found plus unfound flaws is used to evaluate both flaw
detectability and effectiveness of a given technique.

Recognizing that the final results will depend on the size and location of
flaws, the following interim conclusions are believed to be of interest and,
probably, not subject to substantial change.

3.2.4.3 Conclusions--251J

e Team F results should be discarded since their participation was
limited to one survey; (N.B., it is interesting to note the F record
of finding all slag and no cracks).

e Operators B and C did better than the others; their results were
essentially comparable; there was no significant difference in per-
formance with angled and straight beam (new) technigues.

e The D operator was consistently the least effective, particularly
since he did no straight beam testing.

e Operator E appeared slightly better than A but the difference was not
significant (generally both did better on angled beam than straight
beam); both were more effective than D, but generally less effective
than B and C.

e The new PVRC procedure was substantially better than the old proce-
dure for the same conditions of angle and frequency.

e With the new procedure there seemed to be 1little or no difference in
detection reliability for either clad or unclad condition.
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TABLE 3,2,10. Analysis of Plate 251J Using Criterion of Relative Flaw Significance; Comparison Limited to Ultrasonic Testing

DETECTION OF FLAWS

MOST CRITECAL INEAREST SURFACE) LESS CRITICAL {DEEPLY BURIED! LEAST CRITICAL {CENTER OF PLATE) BLAG
UTTEST CONDITIONS A ¢ H N i 0 3 J L e M t 3 B £ f; K 0 by
L a5 2.25 Mz (4, 8,C,0, P ¢ c AC  BC _ABK € £ ) A 8,20 ‘ C.F F C.F AB,F F B2 %
SO PVRC: HNCLAD A8.DF ABGLF 30F a0F 3AMAE ALLT AT0F ABCOF 5007 3A46 404 4B LOF KR COF  2A2820.20,% ARG ABTD  ABD TcoD ABLD & 883050
& a5, 225 Mz A B.E) AE BE B 8 AMRXE A B F B£ o B A8 X A 8 B A 2B £ 4,3 8.t BE E A3 %
NEW PYRC; UNCLAD R A B E LE MBXE A A BE AE B 3 A Y3 RE ’ 3 3 A B 15,28
34’ A MM A B C B ABC ABC B 2A48.%C A 8,0 £ 2 A,B,C.D 2A,3R,3,0 8.C B 78,¢ . Bt ABC BT B 5,48, 30
NEW PVRC, CLAD AT 3 T8 ALH BE® i A E ACH %A,B,C, 30 A G & 0.0 86,70 %805 &3 5 A 4CD 8, 8,2C. 50
4 STRAIGHT BEAM, 7.2% Mz o N
tA,B,F1 DLD PURC, URCLAD R8BI &¥Y AST AL WER AEY AEE E BE A B.L 4K A8 REE TRBE BEE EEE AEY  Aat ABE 5%, 58, &
5. STRAIGHT BEAM, 275 Wi 3 8 8 38 A8 8 Az 4 38,8 B 8 28,£ B £ Bt
1A B £1NEW PYRC, UNCLAD ARE AY AT if AEE A B AT 3 IAE¥ L% A % ABE RET EEF 2T A 8 %424
b STRAIGHT BEAR, 225 wlz - 4 B,C g 38X 4,8, L a 4.2 30 £C 8¢ B R’ 8¢ 38,20
1A, B CINEW PYRS, CLAD A8 C A A Al A48 7 A BC A3 A B 3 38,0 A BT PAEC AL T AT A A AR C 54,28, 30
1. STRAIGHT BEAM, LDz _ — £ - R k. o £ £ x — £ £ — ko . £ £ £
NEYW PVRC: UNGLAD 3 f £ 5t £ P P 3 £ £ x
8 s0° pSMHzA Y R e — R — —
DU PVRE, UNCLAD Py A AD  ET RH A AD A,D A D A, 4D ALD AD 2A, 2D AD AD B BD A D A, 50
9, a5 LOMHzIA E) AE £ A2 AE i L . AZE A A k. 3 AE i3 E A%
NEW PVRC; UNCLAD A AL AL WA A AF AE 38, £ AF AZE A A A 34
10 45° 1.0 MHz (0 — B R s . b — . . . — _ — B — L
NEW PYRC, CLAD SIDE D D b5 D D 2 b D D b ) D D aD
1 45® 2.26 Mz b o L 5 - - o e _ - — £ LE — x
NEW PVRC: CEAD-UNCLAD SiDE § E E £ & £ £ E X F £ % G 3 3 3
_______ ZA.B.C, % PA 4B DY 58, 48,%. 0 4F 28,¢,D,F 24,48, 2C CAF 28,38 3C D % F L BEF
58,55, & 40, &, 7 &A 28,90, %, F 34, 4B 30.EF #%,38,2C,30, 4L, F &, B AL &T %R, 68, 70, @ & SR 3H, 38, % 838,30, 4D, %
A48 3202 58.L B2 F 38, 3B 7 OF N 2R3 0 EF AR LS
4,78 20,4, F 84,8,20 85 ¢ 84, 58,0,40, 4,7 3,38, C 3 ¥ F 8 7R W, 43,4 F AR TABCHE
HARDEST-—~ EASIESTR &, M, 0 ELLB PH
R RATION A Gls A 6z A 018 A 0I5
B8 4% 3 a4l B 059 B 0A
£ 07 £ 267 £ 03 £ona
o 4w a4 8 4b pon
£ 0z R £ ooy £ oD
SN VR § £ oag F At Foin
OVERALL BEST —WORST C.8 3 3 £ BEST PERFORMAKCE ON SLAG - £

- _ MOST BIFEICULT  HARDEST —=EASIEST 8.0 F.G.K

NOTE: _YES(FOUND)  pon

NO (NOT FOUND} ABDE
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TABLE 3.2.11. PVRC Plate 251J Ratios of Effectiveness of Detection

Test Most Critical Less Critical Least Critical Slag

Condition A S s TN P RGN C D E A_ B & B _k £ .} B I IR
1 0.25 0.25 1.0 0.0 -- 0.25 0.0 0.5 0.0 -- 0.0 00 00 0 -- 0.2 0.2 0.2 04 0.0 --  0.20
2 0.25 0.7% - == B8 0225 078 e en 0.5 0.5 1.0 == = 0.0 0.5 0.2 0.6 - -- L0 0.60
3 0.5 0 0.5 8.0 -- 0.5 0.75 0.75 0.25 -- 0.0 1.0 0.5 0 -- 0.5 0.2 0.8 0.6 0.0 --  0.40
4 00 00 -- - 00 00 0D -~ -- 00 00 00 -- - 0.0 00 0.0 0.0 -- -- 0.0 0.0
5 .0 0.7 -- -- 00 0.5 07 -- -- 0.26 0.0 1.0 -- - 0.6 04 0.0 0.2 -- -- 0.2 0.13
6 0.0 1.0 0.5 =+ == 0.25 025 0.75 =-- == 0.0 0.5 0.5 =~ =-- 0.4 0.0 0.6 04 - -- 0.33
1 ce Ea e= as 025 es  e=  a= == (WTE =e == == = 0.5 0.5 -- == == == 0.6 0.6
8 Bl = = 0PN = DR em == 0D Be DI LN = D) s= D4 G0 Sx =s B0 e 0D
9 095 ox  ox == A& 025 - s LS 08 e - = OO GIE3 04 - = o= LD 0l
10 Sa deane ifEe RES PR DD as 0ys w=e e Dol OEE eSS Tl L e g2
u iy s e ww B0 we  ew  es  en 02D e se s 0 0.0 0.08 s o= es  we 04 0.8
AN 0.16 0.62 0.55 0.19 0.21 0.25 0.41 0.67 0,19 0.37 0.12 0,60 0.33 0 0.17 0.33 0.120.4 0.47 0.05 0.53 0.32
Higz‘r’::ght Beam 0.25 0.67 0.56 0.19 0.33 0.25 0.50 0.63 0.19 0.5 0.20 0.67 0.27 0 0.0 0.35 0.20 0.53 0.50 0.07 0.80 0.44
m;{rﬂght Beam 0.0 0.58 0.50 -- 0.08 0.25 0.33 0.75 -- 0.33 0.0 0.50 0.50 - 0.33 0.35 0.0 0.27 0.40 0.0 0.27 0.l19
NOTE: Ratios Loy

Found + Unfound






3.3 RECENT PVRC PROGRAMS

During 1974, a new program was initiated for NDE of PVRC Specimens 155,
202 and 203. The examination criteria were based on an evaluation of the
results of Specimens 201 and 251J and of the effect of modified procedures on
these results. The procedure selected on for the new program (155, 202, 203),
in essence, consisted of an expansion of Appendix I of ASME Section Xl.(3‘2'2)
The specific procedures denoted as the PVRC Section XI UT Procedure are
included as Appendix I to the Buchanan Interim Report to PVRC.(3'2°6) This
approach was believed to permit a verification of the code procedure and to
determine whether a more restrictive procedure would produce more accurate
results.

Steps taken to further control the examination included the following:
e All examinations were in one location.

e Each team used a matched set of transducers and one of three matched
Krautkramer USIP-11 instruments.

e (perators were instructed to perform in strict compliance with the
procedures.

e The same scan paths were used.
e Data were recorded on the same format data sheets.

e A modification midway through the testing required increased scanning
gain from 2x to 5x calibration level and permitted intermediate scan

paths to better locate the indication peak (most, but not all, teams
repeated their examination using the new procedure).

Other aspects of the recent PVRC programs bearing on future work included
studies of electronic systems variability and variability in the overall test
system. These studies culminated in a single document(3'2‘2) covering two
topics:

1. “Improved Repeatability in Ultrasonic Examination®(3+2+:22)

which was
aimed at limiting the significant variations existing in "off the

shelf" search units,
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2. "Ultrasonic Testing System Standardization Requirements“(3‘2'2b)

which defines minimum performance for the system defined as the
instrument (pulser-receiver, CRT, gate), coaxial cable and search

unit.

3.3.1 PVRC Specimen 155

PVRC Specimen 155 consisted of a nozzle welded into a plate (Fig-
ure 3.3.1). This specimen was intended to contain four flaws. These flaws
were located at approximately 90° intervals around the nozzle in weld built-up
regions immediately adjacent to the nozzle-plate weldment on the nozzle side of
the weldment. The flaws were about in the mid-section insofar as plate thick-
ness was concerned. An attempt was made to orient the flaws with respect to

the nozzle wall at (approximately) 30°, 45°(2), and 60°.

Thirteen teams round robin examined Specimen 155 and reported (collect-
ively) 56 indications including data for 0°, 45°, and 60° beam angles at
2.25 MHz. Buchanan(3'3'1) initially used the procedure developed for the
analysis of 251J, namely, tolerances of 0.5, 1.0 and 1.5 in. on the x, y, z,
(R, e, z) values of the flaws. Results were surprising and discouraging. Two
indications fell within the 0.5-in.-tolerance level for Flaw 2. At 1.0 in.

only one flaw (No. 2) was correctly identified by 11 of the 56 indications.

FIGURE 3.3.1. PVRC Weld Specimen 155, 40
(102 cm% x 48 (210 cm) x
8-1/2 (22 cm)

3+3:2



At 1.5 in. only Flaw 2 was correctly identified by 32 of the 56 indications.
None of the correct indications was by straight beam. Of the 45" and 60°, it
appeared that the 45" angle beam was somewhat more effective; e.g., 38 indica-
tions for 45° and 7 for 60°.

Flaw (or discontinuity) 2 was oriented at about 45° to the vertical; how-
ever, factors other than orientation of this flaw may have resulted in overall
poor performance. For example, the plate into which the nozzle was welded was
not flat. It had a radius of curvature of 120 in. along one axis where Flaws 2
and 4 were located. On the other axis at 90° the plate had zero curvature
(Flaws 1 and 3). An added factor was the internal cladding of the nozzle so
that through-wall UT from the nozzle bore would be through cladding.

The required tangential and radial scan pattern was inscribed on the sur-
face. No indications were noted in the tangential scans; all resulted from
radial scans.

Eleven of the 13 teams detected Flaw 2. None detected Flaws 1, 3, or 4 at
tolerance levels as great as 1.5 in. Table 3.3.1 (Table 6 of Reference 3.3.1)
contains RIII values at 1.0 in.-tolerance level to permit comparison to Speci-

mens 201 and 251J.

A potential source of the very low team ratings could be related to the
validity of the basic assumption that the intentional flaws are located exactly
where intended. Obviously, if an indication is judged to be correct only if it
matched, within tolerances, the intended location, and if the actual locations
differed considerably from the intended locations, large errors could result.

A review of available radiographic data indicated that the size, shape and
location of the actual flaws differed significantly from the intended values.
Figure 3.3.2 contains the radiographic data as well as the presumed locations
of the four flaws. The narrow dimension (width) of the four flaws was supposed
to have been about 0.5 in., which would have been the distance around the
circumference.

As an alternate to the tolerance system a two-point coincidence method was
developed which was to determine whether a given UT indication was correct
without assuming actual flaw locations. The two-point coincidence method

3edad



TABLE 3.3.1. Team Rating Factors, Specimen 155, 1.0-in. Tolerance
Level, Standard Method of Analysis

a) UT Data b) RT Data
Tesm T U S Tew @ < 1 Rir-

1 a3 1 0.25 A 10 9 0 1:1

2 0 4 4 0.0 B 15 5 1 2.5

3 0 4 5 0.0 C 14 b 2 1.8

4 0 4 6 0.0 D 12 8 1 1.3

5 1 3 2 0.20 E 14 6 1 2.0

6 0 4 6 0.0 F 13 7 1 l;ﬁ

Fo | o3 BURG e B2 1,7(2)
8 L 3 3 0.17

9 1y 3 1 0.25

10 0 4 4 0.0

11 0 4 0 0.0
12 0 4 12 0.0
v S e S T

0.11(2)

(a) RIII average.

consists of an analytic division of the specimen into a large number of small
essentially cubic elements. If any portion of two or more indications fall
within a given element, a discontinuity is said to exist and all indications in
that element are treated as correct indications.

Three different volume element sizes were used to be somewhat consistent
with the previous method of analysis; e.g., the normal edge dimensions were
0.45, 0.90 and 1.35 in. respectively, compared to tolerances of *0.5, *1.0 and
%].5 in.

The percentage of reported indications found to be correct with the two-
point coincidence method ranged from 74% for the smallest volume element to 80%
for the largest volume element.
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LINE 35 \ LINE 70
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2. 2-18
e
8, 5112
T SCAN LINES  gep 5 11-14

17 AND 1% SLAG

ALL UNIDENTIFIED SCALE: 1= 17 6. 1-3/8

DEFECTS ARE CRACKS 133
8. 8-1f2

FIGURE 3.3.2. Summary Drawing of Radiographic Results
on PVRC Specimen 155

The analysis was expanded to determine the effect on the percentage rating
if the number of points required for coincidence were increased. For the
0.9-in.-element size (76.8% with 2-point), the data were analyzed using 3-,

4-, 5-, 6- and 7-point coincidence requirements; yielding percentages of 67.9,
62.5, 62.5, 62.5 and 62.5, respectively; a decrease from 2-point to 4-point,
then remaining constant to 7-point.

An intercomparison will be made later with Specimens 201 and 251J as well
as 202 and 203,

SEULD



3.3.2 PVRC Specimen 202

PVRC Specimen 202 consisted of two 8.25-in. plates welded together. The
purported flaw locations are noted in Figure 3.3.3. The word "purported" is
deliberate since the examination record was quite poor when based on the pre-
sumed flaw locations. The same tolerance levels were used as had been used
previously, 0.5, 1.0 and 1.5 in. Table 3.3.2 contains the Tisting of success-
ful detections of flaws at the presumed locations. As noted, there were no
indications within the 0.5-in. band; only 3 of 69 in the 1.0-in. band and 5 of
69 in the 1.5-in. band; all indications were for Flaw 3. The RIII values are
very low--only 0.02 for UT as noted in Table 3.3.3.

XD
TEMPORARY MARK

7-318 -2,

538 G p 5
338 S 2

WELD T= H =5 _ 1
©oseam G5 ¢ .

3318 Jl [
8-1/8

[ol

1 ¥

L

L A
1

BOTTOM

r‘ TEMPORARY MARK

|

2 =Py == e e e X =| =
202 R NUMBER

ta— 8- 1/4 ——

v~ CRACK
— SLAG
<> NON-FUSION

FIGURE 3.3.3. Discontinuity Locations in PYRC Specimen 202
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TABLE 3.3.2. Summary of Ultrasonic Examination Results, PVRC Specimen 202, Standard
Method of Analysis

Correctly Ultrasonic
Discontinuity Tolerance Discontinuity Indication Identified by Inspection Mode
Number Level (in.) Type Number Team Number (shear wave)
_\a) 0.5
3 1.0 Crack 24 6 45°
29 7 45°
65 13 60°
3 1.5 Crack 4 2 45°
24 6 45°
29 7 45°
61 13 45°
65 13 60°

(a) No correct identifications.
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TABLE 3.3.3.

Team Rating Factors, Specimen 202, 1.0-in. Tolerance Level,
Standard Method of Analysis

a) UT Data b) RT Data
F u ) f RIII

Views
Team F u f_ Ry Team T2 23 34 12 23 34 12 23 34 12 23 34
1 09 2 0.0 AM 17 0 12 8 1 15 0 0 0 0.9 © 0.8
2 0 9 5 0.0 B i 9 §i i @ © 1 & 03 0 6%
i 008 0.0 c 6 3 ¥ L % B 0 0 L1 0 B
4 09 3 0.0 D 13 6 3 2 1 # 1 8 1 432 B 13
5 D9 3 60 E % @ A5 . F Y. 12 6 1 0 1% 5 .13
6 1 8 10 0.06 F g0 I ¢ 1.5 9 0 0 Bl 6 .08
7 18 3000 6 N0 W EFLI M 68 1 2% 5 10
8 0 9 10 0.0 H 11 6. % 1 1 @ 0 .2 28 ® 1)
9 0 9 5 0.0 I 22 1 13 0 8§ 2 12 6 A 0814
0 0§ I o B G W st e DR R B
11 0 9 3 0.0 B S R 5 g L B ok
12 09 6 0.0 c T (G (A S 1 > T T
13 18 9 0.06 D oo IR Sa om0 e L OGN @) g
0.02{2) ¢ 9 1 1% § © W 0 g B IF e &9
F 8 & .7 M"Y o gl o g
G 2 1 7 70 B 0 oAcp? Ll ecownpy
e LduGe B F 1L B 9 'p 0 b 0 BE
134 202 1.7(a) 0.96

(a) Rypp average.

NOTE :

M and AA film sets considered independent.




The next step was to use a 2-point coincidence method of analysis as had
been done with PVRC Specimen 155. The percentage of reported indications found
to be correct with the 2-point coincidence method for 0.45-, 0.90- and 1.35-in.
volume-element sizes were 76.8, 84.1 and 81.2%. The 0.9-in. element was ana-
lyzed using 3-, 4-, 5-, 6~ and 7-point coincidence in addition to the 2-point.
The resultant percentages of reported indications found to be correct were
84.1, 81.2, 71.0, 49.3, 46.4 and 37.7%, respectively.

Radiography data have been reported in three references (3.3.1, 3.3.2,
3.3.3). Unfortunately, the references do not contain flaw dimensions in the
context of plate dimensions so it is not possible to quantify the actual (based
on RT) versus presumed flaw locations. Presumably, the final reports will per-
mit a more definitive analysis of flaw types, sizes and locations. An inter-
estin?3a§p%§t is the anal ge; g; all flaws as slag in one set of RT
data. '™ """ Another set'™ """/ disagrees with other RT data as well as
presumed flaw locations. See Tables 3.3.3b, 3.3.4, and 3.3.5, and Fig-
ures 3.3.3 and 3.3.4.

TABLE 3.3.4. Presumed LOC?Eignf of Flaws in PVRC Plate-Weld
Specimen 202(3.3.1)

Discontinuity

Number Letter X —Yl— _12__ SN B
1 A 16.20 18.75 20.00 125 4.12
4 B 16.67 2.62 3.38. +0.16 Z.00
3 C 15.62 T 6.12 1.00 1.00
4 D 17.27 16.25 17.00 0.75 0.50
5 E 15.59 20.25 21.00 0.75 0.50
6 F 16.44 15.25 16.00 0.0 5.50
7 G 15.62 0.38 1.38 1.00 7.00
B H 17.37 4.62 5.38 0.76  7.50
9 [ 17.07 0.02 1.38 0.76 7.00

NOTE: Oimensions in inches.
Add 2 in. to Y to shift to plate edge.
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TABLE 3.3.5. Radiographic Indications in Block No. 202

Indication Dimension A(a) Dimension B Dimension C Depth Length Characterized
No. (arbitrary) ~(mmJ (in.) Tm) (in.] (mm] (in.) Tmm) {(in.] Tmm) iih.! As

A 9 605 23.8 10 0.4 48 1.99 ? 22 0.87 Crack

8 6 465 18.29 150 5.91 56 2.20 X 2.9 36 1.42 Non-fusion

c Not in 201 7.91 414 16.29 81 3.19 ? 20 0.79 Slag or void
Sequence

D 188 7.40 427 16.9 104 4.09 26 1.02 16 0.863 Slag or void

E 3 169 5.65 446 18.55 52 2.04 ? 30 1.18 Crack

F 4 133 5.23 482 18.97 80 3.15 161 6.33 31  l.e2 Void or slag

G 2 72 2.83 543 " 21.37 48 1.99 38 1.49 41 - I.81 Void or non-fusion

H 1 72 2.83 543 21.37 102 4.01 38 1.49 % 1.77 Void or slag

(a) Not same locations or terminology as flaws identified in PVRC Documents.
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FIGURE 3.3.4. Summary Drawing of Radiographic Results on PVRC Specimen 202

Special UT studies were conducted by one team using three procedures:
1) the ASME Section XI procedures, 2) the UT procedures used in Germany for
reactor pressure vessels, and 3) a tandem UT procedure, also used in Germany.
The tandem procedure could not be completely calibrated for the cladding on
one-half of the 202 plate, rendering much of the data questionable. This tech-

niqu? did not prove too successful in locating flaws--identifying only
3.3.3)
two.

The ASME XI and German procedures were more successful. ASME XI proce-
dures Tlocated 13 flaws and German procedures located 23.

Two flaws were located by RT, tandem UT, ASME UT and German UT; three
flaws were located by RT, ASME XI UT and German UT; two flaws were located by
RT and German UT; one flaw was located by RT and ASME XI UT; and one flaw was
located by RT. Other indications were located by UT but not by RT. Four were
located by both ASME XI UT and German UT. Apparent dimensions and locations
were given for all indications.

Figure 3.3.5 graphically presents the collective ultrasonic data on PVRC

block No. 202 as reported in various studies.(3'3'1’3°3'3’3'3'4) Some idea of

the degree of overlap of team data as well as the difference between presumed
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locations of discontinuities versus reported locations can be obtained from
this figure. Reference 3.3.4 covers an Immersion C-Scan Technique.

3.3.3 PVRC Specimen 203

PVRC Specimen 203 consisted of a nozzle welded into an 8.3-in. plate (see
Figure 3.3.6). Table 3.3.6 contains a summary of UT results at the three tol-
erances. All flaws were detected by angle beam, either 45" or 60°. One flaw
(7) was detected in the 0.5-in. tolerance, five (1, 3, 4, 7, 9) in 1.0-in. tol-
erance and the same five in the 1.5-in. tolerance band. Six teams were suc-
cessful in locating one or more flaws. The RIII values are low, only 0.07, as
noted in Table 3.3.7.

The presumed locations of the flaws are given in Figure 3.3.7. Radiogra-
phy indicated substantial disagreement in detected flaw locations versus pre-
sumed locations {see Figure 3.3.8 and Table 3.3.8).

The 2-point coincidence method was used with 0.45-, 0.9- and 1.35-in. vol-
ume elements. Percentages of correct indications were 54.5, 61.4, and 72.7%,
respectively. The analysis for 2- to 7-point coincidence and 0.9-in, volume
elements were 61.4, 45.5, 38.6, 36.4, and 36.4%.

FIGURE 3.3.6. PVRC Weld Specimen 203 48-1/2 (123 cm) x
48-1/2 (123 cm) x 8-1/4 (21 cm)

3.3.13



TABLE 3.3.6.

Summary of Ultrasonic Examination Results, PVRC
Specimen 203, Method

Correctly Ultrasonic
Discontinuity Tolerance Discontinuity Indication Identified by Inspection Mode
Number Level (in.) Type Number Team Number (shear wave)
7 0.5 Slag inclusion 30 11 45°
1 1.0 Slag inclusion 38 12 60"
3 1.0 Non-fusion zone 13 6 60
4 1.0 Slag inclusion 12 6 60
7 1.0 Slag inclusion 28 11 45
30 11 45°
31 11 45
32 11 45°
9 1.0 Slag inclusion 11 6 60°
16 8 60
17 8 60
18 8 60°
44 13 45°
1 1.5 Slag inclusion 8 4 60°
38 12 60°
3 b Non-fusion zone 13 6 60
4 155 Slag inclusion 12 b 60°
42 13 60
7 1.5 Slag inclusion 27 11 45°
28 11 45
29 11 45
30 11 45°
31 11 45°
32 11 45°
9 1.5 Slag inclusion 11 6 60°
15 8 45°
16 8 60
17 8 60°
18 8 60°
21 11 45
22 11 45°
23 11 45°
24 11 a5°
25 11 45°
26 11 45°
36 11 45°
43 11 45
44 11 45°

3.3. 14



TABLE 3.3.7.
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13

Team Rating Factors, Specimen 203,
1.0-in. Tolerance Level, Standard
Method of Analysis
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(a) RIII average.
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TABLE 3.3.8.

Flaw Iden-
1(A) 11
2(B) 12
3(C) 1
4(D) 2
5(E) 4
6(F) 5
7(G) 6
8(H) 8
9(J) 10

3
7
9

Comparison of In
with Radiographs

%ended Flaw Locations in PVRC Specimen 203

Intent RT
Intent RT Hoow: cmB O ) B Intent
RjRy, in. RiR,, in. Length Length(a)” 7, in.
11.6 12.6 88.8° 91.2° 84° 90° 1
0;5 in. 1.5 in. .
13.3 12.8 46.7 49.6° 51° 58 2
0.6 in. 1.6 in.
11.4 11.4 358.8"° 1.2° 350° 356°  3.75
0.5 in. = }.3 in. z
113 ¥ig3 330.6° 333.5° 321 328 4,75
0.6 in. 1.5 4n,
13.8 13.8 268.3° 271.4° 262° 270°  4.75
0.8 in. 1.9 in.
14.0 14.0 226.4° 229.9° 233° 240° 5.75
0.8 in. 1i8dn,
14,2 14.2 178.3° 181.4° 176° 180 7.25
0.8 in. 1.3 in.
12.3 12.8 129:3"7 &3V 1a 146°  7.25
1.5 in. 2.4 in.
11.0 12.2 115.0° 120.8° 111° 17 7.75
1.3 in. 1.4 in.
295 300
scattered
slag
12.8 171°
0.5 in.
13.0 133°
spot

(a) Lengths as reported by radiographer; angles

3.3.16

are approximate.
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3.4 COMPARISONS

Tables 3.4.1 and 3.4.2 permit intercomparisons. The RIII values range
from 0.02 to 1.52. The primary reason for the low values is the difference in

actual versus presumed flaw locations.

Table 3.4.2 compares the standard method, based on tolerance levels and
assumed flaw locations versus 2-point coincidence.

It will be necessary to await results of sectioning before we can assess

these UT results.

3.4.1



TABLE 3.4.1.

Comparison of Rating Factors Achieved by Different UT Examination

Procedures on PVRC Specimens

Stage of Analysis

UT Examination Procedure Employed

Rirr

(average)

Plate-weld

Plate-weld

"2 >

Nozzle-weld

Plate-weld

Nozzle~-weld

Metallurgically
sectioned

Metallurgically
sectioned

Not as yet metal-
Turgically sec-
tioned

Not as yet metal-

lurgically sec-—
tioged

Not as yet metal-
lurgically sec-

tioned

PVRC procedure for ultrasonic examination of welds in
Plates 201 and 202 for Pressure Vessel Research
Committee Program--As published in Welding Journal,
December 1971, p. 529s.

Ultrasonic examination of welds for Pressure Vessel
Research Committee Program--February 16, 1968.

Ultrasonic examination of welds in plates 201 and 202
for Pressure Vessel Research Committee Program-—-—
March 19, 1970.

Procedure for manual ultrasonic examination of PVRC
welded test blocks—-June 27, 1974; Supplement—-
August 9, 1974; Modification--September 18, 1974,

Procedure for manual ultrasonic examination of PVRC

welded test blocks—-June 27, 1974; Supplement--
August 9, 1974; Modification--September 18, 1974.

Procedure for manual ultrasonic examination of PVRC
welded test blocks--June 27, 1974; Supplement--

August 9, 1974; Modification--September 18, 1974.

1.52

013

0.24

0.11

0.02

0.07



TABLE 3.4.2. Comparisons of the Two Methods of Analyses on PVRC
Specimens 155, 202 and 203

Percentage of Reported(a)

Standard Method(D) Two-Point
Tolerance Level (in.) Coincidence Method(c)
Specimen 0.5 1.0 5 0.45 0.9 S
155 3.6 19.6 57.1 1.4 76.8 80.4
202 0.0 4.3 Vil 76.8 84.1 8l.2
203 2.3 27.3 56.8 54.5 61.4 72,7

(a) Based on Intended discontinuity locations.
éb] Indications considered correct.
c) Nominal volume-element size (in.).

3.4.3






3.5 THE EUROPEAN PLATE INSPECTION STEERING COMMITTEE (PISC) PROGRAM

The European Community expressed an interest in the early 1970s in par-
ticipating in the ICP-PVRC NDE programs. Arrangements were formalized through
PISC during 1975 and NDE began in 1976. Ten couniries participated, repre-
sented by 34 organizations, of which 28 carried out NDE on the test plates.

A11 of the 2B used the basic PISC technique, essentially the same procedure as
that in the 1974 Appendix I of ASME XI, which was used in recent PVRC programs.
In addition, seven teams used the "improved" PISC techniques which differed
only in setting 20% DAC as the recording level rather than 50% DAC. Nineteen
of the teams used one or more alternative procedures in addition to the basic
PISC/PVRC/ASME XI--Appendix I procedure. These alternative procedures included
inspection from the inside surface, focused probes using the immersion tech-
nique, focused probes using the contact technique, tandem techniques, automated
NDE, acoustic holography, high frequency back scattering techniques, amplitude-
time Tocus curves, delta technique, phased arrays, full skip, longitudinal wave
angle probes and other standard probes.

Three PVRC test plates were made available to PISC. They were Plates
50-52, 51-53 and 204 described in Tables 3.2.1 and 3.2.2. Plate 50-52 con-
sisted of two 11-in. (27-cm) plates joined with a butt-weld (Figure 3.5.1);
Plate 51-53 consisted of two 8-3/4-in. (22-cm) plates joined with a submerged
arc butt-weld (Figure 3.5.2); and 204 consisted of an 18-in. (45-cm) forged
nozzle welded into an 8-in. (20-cm) -thick plate with manual metal arc weld
(Figure 3.5.3). A variety of defects was included in the welds.

The NDE phase was completed during 1978 and the destructive examination to
establish flaw size and location was essentially completed in the first half of
1979. The available information covering both NDE and destructive testing has
been stored in a computer and evaluated.

The status as of late 1980 is as follows:

® Six reports were prepared to be presented at post-SMIRT (Structural
Materials in Reactor Technology) Conference in Berlin in August 1979.
The reports dealt with 1) materia]s,(3'5'1) 2) UT,(3'5'2)

3:5.1



FIGURE 3.5.1. PVRC Weld Specimen 50-52

FIGURE 3.5.2. PVRC Weld Specimen 51-53

3) sectioning,(3:5:3) 4) Analysis, (3+5+4) 5 evatuation(3+5+5)

and 6) Summary, Conclusions and Recommendations.(a‘s'ﬁ)

Further reports are planned addressing specific alternative NDE pro-
cedures. A significant aspect of the PISC program is the data evalu-
ation which will be discussed in Section 3.5.4. The nomenclature
differs somewhat from that used in other PVRC reports. It is intro-
duced here in the following paragraph and in Table 3.5.1, rather than
later.

3.5,2
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FIGURE 3.5.3. PVRC Weld Specimen 204

Several terms defining parameters used in the evaluation of the PISC-NDE
data were used in the study. They are presented here, together with their
ranges of values. The latter is given because such ranges are highly sensitive
to the bounding conditions utilized. For example, the rejection criterion is
relevant to sub-surface defects only due to the decision of PISC to consider
all defects in the three plates as sub-surface defects. This simplification
permits a direct comparison of all defects from an NDE point of view. If more
specific criteria were to be used, such as 1) sub-surface defects criteria,

2) surface defects criteria, and/or 3) nozzle weld defects criteria, the values
of parameters [or quality of acceptance (QA)] and the correct rejection prob-
ability (CRP) or the correct acceptance probability (CAP) defined below would
change. Therefore, the values cited elsewhere in this section apply only for
the specific boundary conditions and should not be extrapolated without first
considering the implications of the bounding conditions.

For all factors other than error in location (EL) and error in sizing
(ES), a value of one (1) indicates a perfect result for a single team. Since
values are averages of several teams, care must be exercised in assessing the
significance. Perfect value for EL or ES is zero (0).

J:5:3
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TABLE 3.5.1.

Main Parameters Considered in the Evaluation of PVRC Plates 50-52,

51-53 and 204 by the Plate Inspection Steering Committee (PISC)

Perfeft Deviations from

Parameter Result(a) Perfect Result Significance of Deviations and Remarks

Correct Acceptance Probability (CAP) 1 0>1 Zero indicates failure to correctly classify CAP
This is a conditional probability. 'If a (and CRP) and is related to OA or QR. These
defect is detected, CAP indicates how well values are evaluated using a modified form of
it is accepted. ASME X1 permissible flaw-size standards for

sub-surface defects,

Correct Rejection Probability (CRP) 1 051
Definition similar to CAP except for
rejection.

Defect Detection Probability (ODP) 2 0s1 Zero indicates a failure to detect. Numbers
This probability is determined in terms of between 0 and 1 are averages of all teams for
the maximum tolerance considered for the one flaw or for flaws collectively.
purpose of deciding whether detection has
or has not occurred, This tolerance is
generally S50 mm.

Error in Location {EL) 0 Positive; >0 Deviations in terms of “"known" location, values
Values are given for EL in the X, ¥, 2 plus 20 error band,
directions,

Error in Sizing (ES) 0 2¢0) If ES is negative, the defect is undersized.

As with €L, in X, Y, Z directions, plus a If ES is positive, the defect is oversized.
summation value.

Quality of Acceptance (QA) 1 ><0 0A may exceed one (1) indicating on the average
QA {and QR) of the defect is based on the no acceptable defects were wrongly rejected
IWB-3500 criteria of ASME XI, modified for even though they wers oversized. QA < 0 indi-
through-thickness separation and disregard- cates on average teams rejected an acceptable
ing surface proximity. They apply only for defect, QA > 0 indicates teams correctly
planar sub-surface indications. accepted an acceptable defect,

Quality of Rejection (QR) 1 >0 As for QA above.

Oefined above under QA.

Quality of Location (QL) 1 ?¢l OL > 1 indicates average flaw location was
A measure of the abjility to correctly higher in through-thickness {rare): QL < 1
locate flaw in the Y direction. indicates average flaw location was lower in

through-thickness.

Quality of Sizing (QS) 1 >l 0S < 1 indicates on average teams underestimated

A measure of the ability to correctly size
the flaw in the 1 dirvection.

NOTE: A1l errors are given for a 95% confidence level (42 o).

size. QS > 1 indicates on average teams over-
estimated size of defect.

(a) Values in the following tables are averages of several examinations, not a single value.



3.5.1 PVRC (PISC) Specimen 50-52

Because of the large number of defects in the three test pieces, it became
necessary to use the ASME XI proximity rules given in IWB-3000. Both the prox-
imity of a defect to the surface and the proximity of multiple defects to one
another are considered in combining defects. In addition to the direct appli-
cation of IWB-3000, a modified procedure was developed to permit an intercom-
parison of flaw sizes from test piece to test piece. In the modified
procedure, the surface proximity rules were ignored (defects near the surface
retain their actual size) and for combinations of defects in the YZ plane, Z is
not compared to 2a, but to 0.5 in. (13 mm) as prescribed in ASME XI for defects
in the X-direction. YZ was considered the plane of maximum principal stress
for the analysis.

Obviously, the preceding rules apply equally to all three test pieces.
In the case of 50-52, the application of either IWB-3000 or the modified form,
yields the same result; namely, two separate unacceptable defects.

The larger defect (No. 1) was missed by one team (No. 1); generally the
defect was Tocated and sized reasonably well as noted in Figure 3.5.4. Fig-
ure 3.5.5 illustrates the variation in sizing from procedure to procedure.

PISC DS5 refers to the comparison with Data Sheet 6, constructed by the com-
puter from Data Sheet 5, given by teams following the PISC procedure. Specif-
ically, DS-5 represents responses along each scanning line. In the case of
PISC DS6, the comparison is with Data Sheet 6 given by teams following the PISC
procedure. Data Sheet 6 contains team sizings of individual defects. ALT
refers to the comparison with Data Sheets 6 given by teams following alterna-
tive procedures.

The defect detection probability (DDP) as noted in Table 3.5.1 is that DDP
at some tolerance value considered for the purpose of deciding whether detec-
tion has or has not occurred. Three values were investigated: 100 mm, 50 mm,
25 mm, where the values denote a cube size within which the center of a defect
is considered to fall. As noted in Figure 3.5.6 a cube size (length) of 50 mm
is adequate to yield a high and reproducible value of DDP.

Most of the comparisons relevant to Plate 50-52 will be given in
Section 3.5.4.

3.5.5
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3.5.2 PVRC (PISC) Specimen 51-53

An application of the flaw proximity rules to Plate 51-53 indicates there
is one large rejectable flaw. The data also reveal the sensitivity of the
proximity rules to missing small defects that are between large ones. Fig-
ure 3.5.7 illustrates this effect. The population is divided into teams that
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missed just enough not to have the full combination of defects, and the fortu-
nate teams that detected the necessary defects.

The effects of NDE procedure on correct detection and classification of
the large defect in 51-53, when subdivided into eight smaller defects, can be
seen in Table 3.5.2. The alternative procedures clearly yield superior results
compared to the PISC procedure. However, even with the alternative procedures,
CRPs are quite low and errors in sizing are high. As with 50-52 most of the
51-53 data will be given in Section 3.5.4.
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TABLE 3.5.2.

Effect of Subdividing Defect 1 in Plate 51-53

into a Set of Eight Defects

Sub-Defect CRP
Number aX aY aZ 1WB-3500 Procedure  DDP ES_ (CAP)
1,1 = 2 15 13 Unacceptable PISC <0.1 - -
ALT 0.44
1.2 *** 22