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ABSTRACT 

Ultrasonic inspection requirements specified in the American Society of Mechanical Engineers 
(ASME) Code, Section XI (ASME 2004) were written in a very prescriptive fashion until an 
accumulation of field experience in examinations that failed to detect defects in piping and 
pressure vessels, coupled with evidence from round-robin tests conducted by the Pressure 
Vessel Research Council, the Programme for the Inspection of Steel Components, and Pacific 
Northwest National Laboratory, demonstrated that improvements in ultrasonic inspection 
reliability were needed. 

At an October 1984 meeting held between the U.S. Nuclear Regulatory Commission (NRC) and 
industry in Rockville, Maryland, a draft qualification document was proposed and discussed as 
the basis for an NRC Regulatory Guide.  This meeting resulted in the formation of an ASME 
Code Ad Hoc Task Group of industry experts charged with developing new Code rules that 
would improve the reliability of ultrasonic inspection.  This Ad Hoc Task Group developed the 
initial rules that were later documented in Appendix VIII.  The rules of Appendix VIII marked a 
revolutionary change in the conduct of inservice ultrasonic examination requirements for piping 
and reactor pressure vessels; rather than prescriptive requirements, the Ad Hoc Task Group 
developed the concept of ultrasonic system qualification through performance demonstration. 

This report addresses the technical bases that support the requirements of the performance 
demonstration specified in the 2007 Edition, 2008 and 2009 Addenda of ASME Boiler and 
Pressure Vessel Code, Section XI, Appendix VIII.  The intent of this report is to provide the 
reader with an understanding of the technical rationale for the requirements stated in Section XI, 
Appendix VIII. 
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FOREWORD 

Research involving parametric studies and round-robin exercises conducted during the1970s 
and early 1980s revealed that ultrasonic procedures were less reliable than generally perceived.  
The failure of inservice inspections to detect leaking cracks also raised concerns regarding the 
effectiveness of ultrasonic testing being conducted at nuclear power plants and showed that 
improvements in inspection requirements were needed.  In response, the NRC began 
conducting research at the Pacific Northwest National Laboratory (PNNL) to assess 
nondestructive examination (NDE) reliability.  This research showed that prescriptive 
requirements could not be written to sufficiently accommodate the diversity of power plant 
materials, field conditions, and flaw degradation processes typically encountered.  These 
conditions need to be considered in order to provide highly reliable NDE performance.  Based 
on positive results in other industries (e.g., medical, welding, and aerospace), it was decided 
that a performance-based testing approach would be the most effective means for achieving the 
needed improvements in NDE reliability. 

In November 1984, the NRC held a workshop with representatives from the industry.  It was 
generally agreed by the participants that major improvements in the quality of inservice 
inspection were needed.  Industry participants recommended that qualification requirements be 
developed and incorporated into Section XI of the American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code.  The ASME subsequently developed Section XI, 
Appendix VIII, “Performance Demonstration for Ultrasonic Examination Systems.”  Appendix VIII 
was first published with the 1989 Addenda.  Appendix VIII is a performance-based testing 
approach for the demonstration of ultrasonic examination systems (i.e., procedures, equipment, 
and personnel) used to detect and size service degradation-type flaws.  Procedures and 
techniques qualified in accordance with the Appendix are acceptable for use; however, it should 
be recognized that Appendix VIII provides only a basic framework of requirements necessary to 
allow such an approach.  Protocols and detailed guidance for specific application have, as yet, 
not been listed in Appendix VIII.  

Appendix VIII was developed over 20 years ago.  Extensive revisions and additions to the 
requirements have resulted from their application and lessons learned during implementation.  
The purpose of this NUREG report is to provide to the extent possible the rationale for the 
current requirements in Appendix VIII.  It is anticipated that further changes to Appendix VIII will 
be necessary as new technologies are introduced, advances in current techniques are 
implemented, or as new lessons are learned.  This report will be useful in understanding the 
basis for the current requirements and to inform decision-making, as revisions to the 
requirements are considered in the future. 
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EXECUTIVE SUMMARY 

The performance demonstration requirements specified in the ASME Code, Section XI, 
Appendix VIII were developed because the U.S. nuclear industry and regulatory authorities 
were concerned about the reliability of ultrasonic inservice inspection being conducted at 
nuclear power plants.  The problems that led to the development of performance 
demonstrations are summarized below. 

• Ultrasonic inspection reliability experiments conducted by the Pressure Vessel Research 
Council (PVRC) between 1971 and 1978 provided the first data to indicate that ultrasonic 
procedures were not as reliable as “expert” opinion suggested. 

• Later experiments under Programme for the Inspection of Steel Components (PISC) 
programs proved that minimum ASME procedures were not reliable. 

• In 1977, the U.S. Nuclear Regulatory Commission (NRC) initiated a program under 
Dr. Joseph Muscara to address nondestructive examination reliability issues.  The program 
produced a technical basis for Research Information Letter (RIL) 113, “Reliability of 
Inservice Inspection of Primary Piping Systems,” dated January 29, 1981, recommending 
the need for nondestructive examination (NDE) performance demonstrations. 

• Inspections failed to detect large leaking cracks in piping during field inspections; for 
example, the leaks that were discovered in the recirculation system piping at Nine Mile Point 
Nuclear Power Plant. 

• Research sponsored by NRC at the Pacific Northwest National Laboratory (PNNL) indicated 
that “reliable” ultrasonic inspection could not be written into procedures and that inspection 
procedures were not capable of describing precisely how to differentiate between geometric 
or metallurgic indications and cracks. 

In response to the incidents listed above, the NRC developed a working draft of a proposed 
qualification document in October 1984.  The document was discussed extensively during a 
meeting of the NRC NDE Research Review Group and other interested NRC staff in Bethesda, 
Maryland.  In early November 1984, a second workshop was held with industry in Rockville, 
Maryland.  This workshop attracted more than 60 U.S. and foreign attendees representing a 
broad cross section of the nuclear industry, ASME Code, and regulatory interests.  
Representatives of the industry, ASME Code, and NRC agreed that major improvements in the 
quality of inservice inspection were needed and that qualification of NDE systems might be the 
answer.  However, the industry and Code representatives recommended that in lieu of the NRC 
issuing a Regulatory Guide based on the qualification document, the ASME Code Section XI 
committees should review the document and develop qualification requirements on a priority 
basis.  It was recommended that this action be undertaken by the ASME Code Section XI 
Subgroup on Nondestructive Examination.  The efforts of the ASME Code committees resulted 
in Appendix VIII on ultrasonic testing system performance demonstrations, which was approved 
by the ASME Boiler and Pressure Vessel Standards Committee in early 1989 and approved by 
the Board on Nuclear Codes and Standards in mid-1989.  This Appendix was published as part 
of the 1989 Addenda to the ASME Code, Section XI. 



 

xii 

This report reviews the requirements of the 2007 Edition of ASME Code, Section XI, 
Appendix VIII, including the 2008 and 2009 Addenda, which was the most recent version of the 
ASME Code that had been approved by the NRC and provides the rationale for requirements as 
well as technical references that the reader may use to gain a more in-depth knowledge of each 
technical topic.  Information regarding the application of these requirements by U.S. utilities has 
also been included on a limited basis because as Appendix VIII was implemented there have 
been lessons learned resulting in changes and improvements in Appendix VIII requirements. 
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1 INTRODUCTION 

Most of the nuclear power-based electricity generation capacity in the United States was 
constructed from the mid-1960s through the early 1980s.  The requirements for the 
nondestructive inspections of these reactors were developed while the reactors were being 
constructed.  Preservice and inservice inspection requirements were developed, and the initial 
edition of Section XI of the American Society of Mechanical Engineers (ASME) Boiler and 
Pressure Vessel Code was issued in 1970 (Hedden 2000).  The ultrasonic inspection 
techniques specified in this edition were adapted from manufacturing practices and were based 
on previous experience with fatigue cracking.  The ultrasonic examination rules were 
prescriptive and had not been evaluated on nuclear reactor service-induced degradation 
mechanisms.  The reliability of the nondestructive examinations (NDE) that were specified by 
Section XI was not quantified via testing; instead, the initial premise of Section XI was that 
reliable ultrasonic testing (UT) could be ensured through detailed rules.  Consequently, early 
editions of Section XI had very detailed, prescriptive requirements for 

• calibration procedures, calibration block designs, or calibration checks 

• examination angles  

• scanning  

• recording and reporting criteria 

• flaw sizing criteria. 

The discovery of a large defect during a preservice examination of the reactor pressure vessel 
in the early 1970s at the E. I. Hatch plant (Jackson et al. 2001) began to raise questions about 
the reliability and adequacy of inspections performed to the requirements of Section XI.  The 
reliability studies conducted by the Pressure Vessel Research Council (PVRC) between 1971 
and 1978 (Chockie 1980) yielded the first data to indicate that ultrasonic procedures were not as 
reliable as “expert” opinion had suggested.  Negative field experience with inspections carried 
out using Section XI requirements also eroded the confidence in these requirements.   

Events that demonstrated the insufficient reliability of Section XI examinations included the 
following:  

• The discovery in 1975 of leaks caused by intergranular stress corrosion cracking in boiling 
water reactor (BWR) piping prompted the U.S. Nuclear Regulatory Commission (NRC) to 
shut down all BWRs for inspection (NRC 1975). 

• Thermal cracking was found in BWR feedwater nozzles up to 1978; NRC required effective 
inspection via NUREG-0619 (NRC 1980). 

More recent events, which are detailed in NUREG-1823 (Grimmel 2005), include 

• dissimilar metal weld cracking in BWR units 

• primary water stress corrosion cracking of the reactor coolant system piping at the 
V. C. Summer and Ringhals nuclear power plants 
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• cracking in the control rod drive housing of vessel head penetrations of many pressurized 
water reactor (PWR) units. 

As this report was being prepared, there were several events that should also be highlighted 
that illustrate that the further improvements are still needed: 

• the discovery of misinterpreted inspection data at the Duane Arnold plant (Anderson 2007) 

• the failure of ISI to detect stress corrosion cracking (SCC) in a dissimilar metal weld at 
North Anna with five cracks being discovered when preparing the weld for overlay 
(Anderson et al. 2012). 

Round-robin experiments conducted by PNNL under NRC sponsorship concluded that 
prescriptive ultrasonic inspections of piping using Section XI had the following deficiencies 
(Heasler and Doctor 1996): 

• Ultrasonic examination of austenitic (on both near side and far side) and cast austenitic 
materials had a low probability of flaw detection.  

• Flaw depth sizing was not accurate using the prescriptive techniques based on probe 
motion and amplitude threshold levels. 

• Flaw detection was unreliable for amplitude-based UT because many flaws had responses 
substantially different from machined reflectors employed for calibration. 

As part of the round-robin exercises conducted by PNNL in the early 1980s, teams were 
provided training on an “improved” inspection procedure developed by PNNL through extensive 
laboratory testing.  These improvements included using more effective transducers, training on 
flaw UT response signatures, and evaluating all signals that exceeded the background noise.  
Subsequent blind testing showed that the improved procedure and training had little effect on 
improving ultrasonic inspection performance.  

A major international program was also being conducted before and during the aforementioned 
round-robin studies.  The Plate Inspection Steering Committee (PISC I) conducted a round-
robin exercise using plates provided by PVRC on thick-section reactor pressure vessel steels 
from 1976–1979 (PISC I 1979).  This work showed substantial differences in performance for 
different flaw types and for different procedures.  These activities were followed up by a 
Programme for the Inspection of Steel Components (PISC II) that expanded upon PISC I to 
include special in-vessel sizing studies, parametric studies, and an expansion of ultrasonic 
testing procedures; this work was conducted from 1980 to 1985 (Nichols and Crutzen 1988).  
PISC III expanded the studies to include piping weldments, dissimilar metal welds, steam 
generator tubing, and human factors, and was performed from 1986 through 1996 (European 
Commission 1994).  The PISC studies were consistent with all of the other studies cited 
because NDE is very skill-dependent and performance varied extensively based on many 
factors including the personnel, equipment, procedures, and environment. 

Faced with field experiences of prescriptive Section XI techniques failing to detect defects, and 
data from round-robin experiments indicating poor UT reliability, the nuclear industry, led by the 
NRC, was willing to consider new approaches to improving inspection requirements.  
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Sponsored by the NRC, PNNL developed and presented a draft performance demonstration 
document to the nuclear industry in a public meeting held at Rockville, Maryland, in November 
1984.  As a result of discussions during that meeting, an ASME Code Ad Hoc Task Group was 
established in late 1984 to develop performance demonstration requirements that would 
become part of the ASME Code Section XI.  Further details of the effort by PNNL to pursue the 
development of performance demonstration can be found in NUREG/CR-4882 (Spanner et al. 
1990). 

The present report documents, to the best of the authors’ collective memory, the technical 
bases and rationale for the performance demonstration requirements listed in the 2007 Edition, 
2008 and 2009 Addenda of ASME Code, Section XI, Appendix VIII. 

Section 2 provides the background for performance demonstration development and explains 
how performance demonstration was adopted by the ASME Code.  The requirements of ASME 
Code, Section XI, Appendix VIII are juxtaposed with the rationale underlying each requirement 
in Section 3.  Technical resources for more in-depth knowledge of the technical topic are also 
included.  The reliability of ultrasonic inspections qualified to the requirements of Appendix VIII 
is discussed in Section 4.  Full references cited in this report are listed in Section 5. 
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2 BACKGROUND 

In this section, efforts in the early to mid-1980s to develop requirements for inservice inspection 
qualification are summarized. 

2.1 Evolution of Inservice Inspection Qualification in the 
United States 

This section of the document is taken in most part from the Executive Summary of NUREG/CR-
4882 (Spanner et al. 1990). 

Prior to approval of Appendices VII and VIII to ASME Code Section XI, the NDE qualification 
requirements within the nuclear industry were as follows:  

• personnel – The applicable qualification criteria for NDT personnel were defined in an 
American Society for Nondestructive Testing (ASNT) recommended practice, SNT-TC-1A 
(ASNT 2006).  Since NUREG/CR-4882 was published in 1990, the editions of SNT-TC-1A 
that the NUREG/CR references are the 1975, 1980, and 1984 editions, as supplemented by 
the ASME Code (Section III or XI, as applicable).  Personnel were required to be certified by 
their employers, and SNT-TC-1A implied (but did not require) application-specific training.  
The employer certification involved organized training to become familiar with the principles 
and practices of a specific test method.  Written examinations (covering both general 
principles and specific applications) and a practical hands-on examination were also 
required for Level I and II personnel.  Written examinations covering the Basic, Method, and 
Specific areas of knowledge were required for Level III personnel. 

• equipment – Ultrasonic instruments and search units were only required to meet the ASME 
Code Section V and XI requirements for vertical display response and attenuator linearity 
and instrument calibration capability.  Other critical electronic performance characteristics 
were not addressed in the ASME Code.  Thus, if the UT equipment was linear and 
calibrated, it was qualified. 

• procedures – Ultrasonic examination procedures were required to be based on the 
applicable edition of ASME Code Sections V and XI but could be (and often were) quite 
general with respect to several important variables.  Also, such procedures rarely provided 
useful guidance on how to interpret the UT inspection data collected during preservice 
inspection (PSI) and inservice inspections (ISI). 

As noted above, the controlling document for personnel requirements was SNT-TC-1A, a 
publication issued by the ASNT.  The American Society for Nondestructive Testing 
Recommended Practice SNT-TC-1A provided guidelines, not requirements, and its major 
limitations were 1) the absence of requirements for periodic training to maintain and upgrade 
technical skills, 2) insufficient baseline competence criteria and no specific training requirements 
for Level III personnel, and 3) standards for qualification and certification of NDE personnel left 
to the discretion of each employer.  Hence, significant variations in the minimum technical 
competence for NDE personnel existed throughout U.S. industry. 
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In mid-1984, the “Coordination Plan for NRC/EPRI/BWROG Training and Qualification Activities 
of NDE Personnel” was formally adopted by the NRC.  This plan replaced the interim program 
established in response to Inspection and Enforcement Bulletin 83-02 (NRC 1983).  The 
program in effect at the Electric Power Research Institute (EPRI) NDE Center has undergone 
improvements since it was initially established in the 1982–1983 era; however, it originally 
addressed primarily only the problem of intergranular stress corrosion cracking (IGSCC) and 
applied only to personnel because equipment and procedures were not uniquely addressed 
during the qualification process. 

In October 1984, a working draft of a proposed qualification document was discussed 
extensively during a meeting of the NRC NDE Research Review Group and other interested 
NRC staff in Bethesda, Maryland.  The working draft only addressed UT and it was discussed 
that after these requirements were put in place, further work would be conducted to expand this 
process to the other skill-dependent NDE methods as needed to achieve reliable performance 
levels.  In early November 1984, a second workshop was held with industry in Rockville, 
Maryland.  This workshop attracted more than 60 U.S. and foreign attendees representing a 
broad cross section of the nuclear industry, ASME Code, and regulatory interests.  The industry, 
Code, and NRC representatives in attendance agreed that major improvements in the quality of 
ISI were needed and that qualification of NDE systems might be the answer.  However, the 
industry and Code representatives recommended that in lieu of the NRC issuing a regulatory 
guide based on the qualification document, the ASME Code Section XI committees should 
review the document and develop qualification requirements on a priority basis.  It was 
recommended that this action be undertaken by the ASME Code Section XI Subgroup on 
Nondestructive Examination (SGNDE).  It was expected that this subgroup would utilize the 
qualification document as the basis for strengthening the existing Section XI requirements for 
qualifying the NDE personnel and procedures for performing ISI in nuclear power plants. 

Following the November 1984 meeting with industry, ASME Code Section XI established the 
ASME Code Ad Hoc Task Group to address this problem.  Three separate subtask groups were 
organized in early 1985 to develop proposed ASME Code rules for 1) performance 
demonstrations, 2) personnel training and qualification, and 3) ASME implementation.  During 
the following 15-month period, this Ad Hoc Task Group met 7 times and its subtask groups each 
met 10 times.  This active effort provided a measure of the industry’s interest in this problem, as 
well as its willingness to participate. 

The output of the Ad Hoc Task Group was a proposed Mandatory Appendix VII to ASME Code 
Section XI.  This document was formally approved for submission to the SGNDE in February 
1986.  The SGNDE initially vacillated between proposed Code Cases and mandatory 
appendices as the mechanism for Code action.  The SGNDE ultimately selected the mandatory 
appendix approach and chose to separate the requirements into Appendices VII and VIII.  
Appendix VII on personnel qualification was accepted by the ASME Code committees in 1988 
and was published in the 1988 Addenda to Section XI.  Appendix VIII on UT system 
performance demonstrations was approved by the ASME Boiler and Pressure Vessel 
Committee in early 1989 and was approved by the Board on Nuclear Codes and Standards in 
mid-1989.  This appendix was published as part of the 1989 Addenda to ASME Code Section 
XI.  Although these proposed requirements encountered resistance at various levels of the 
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ASME hierarchy, the resistance seemed to be primarily based on concerns with the mechanics 
rather than the substance of the proposed documents. 

The significance of Appendices VII and VIII was to improve many aspects that influenced the 
reliability of NDE being performed during UT/ISI.  It was thought that if personnel had gone 
through appropriate training, with extensive hands-on UT experience in both the field and under 
laboratory conditions, then performance demonstration testing should confirm whether the 
candidate had acquired all of the knowledge and skills needed.  As a result, it was argued that a 
performance demonstration test would not need to develop a probability of detection (POD) 
curve for each candidate, but that a simpler “screening” test would suffice to verify that 
candidates had acquired the necessary skills and knowledge.  This screening approach is an 
underlying assumption for both Appendix VII and VIII, and needs to be remembered as part of 
the basis for why the requirements have evolved as they have.  This report only addresses the 
technical bases for Appendix VIII, but it is important to note the role that Appendix VII plays in 
the process to achieve acceptable levels of ISI performance.  Changes to Appendices VII and/or 
VIII could undermine the assumptions that were originally used for development; therefore, it is 
extremely important to understand the basis for the requirements in both appendices.  It is also 
very important to acknowledge that Appendix VIII remains as a screening approach, not as a 
method to assess the systematic training and experience needed for personnel to acquire 
fundamental levels of skills and knowledge in order to successfully perform NDE.  Fundamental 
NDE personnel qualification requirements reside elsewhere.  

The Ad Hoc Task Group and the SGNDE failed to address issues of implementation; thus, 
duties and responsibilities of the implementation agency/organization are not defined.  The 
implementer in the United States has to date been the Performance Demonstration 
Administrator (PDA), which is the EPRI NDE Center.  There are currently no requirements in the 
ASME Code for the PDA. 

The U.S. nuclear utilities united and funded the Performance Demonstration Initiative (PDI), 
which included the development of a program to implement performance demonstration 
requirements that are defined in the ASME Code, Section XI, Appendix VIII.  PDI was funded as 
a utility-requested program through EPRI.  The EPRI NDE Center provided technical assistance 
and administered the performance demonstration program under the directions of PDI.  Later, 
PDI was absorbed into the EPRI Advisory Structure.  PDI has been the principle point of contact 
with the NRC; however, this industry initiative implements the requirements of Appendix VIII, 
which remain under ASME Code jurisdiction.  

Development of the PDI program was initiated in 1991.  The Steering Committee along with 
technical and material assistance from EPRI developed the operating guidelines for the 
program.  The current implementation is contained in the publically available “Guideline for The 
Implementation of Appendix VIII and 10 CFR 50.55a, Summary” (EPRI 2005).   

The major reason to bring up the PDA is that as implementation progressed, there have been a 
significant number of updates and changes that were identified and adopted by ASME Code, 
Section XI, Appendix VIII. 
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It should also be noted that “The Coordination Plan for NRC/EPRI/BWROG Training and 
Qualification Activities for NDE Personnel” was terminated in January 1997, when those 
activities became part of the PDI program implementing Appendix VIII. 

2.2 Summary of the Technical Bases for the ASME Code 
Performance Demonstration Tests 

The effectiveness of examination systems are demonstrated through procedure, personnel, and 
equipment demonstrations.  Each is important to the systematic effectiveness of examinations. 

2.2.1 Procedure Qualification Demonstrations 

Procedure qualification requires that each intended flaw or flawed grading unit, which is within 
the scope of the procedure, is detected and/or sized according to specific criteria of the 
candidate procedure.  The required minimum number of flaws is specified by each Supplement 
of Appendix VIII.  In practice it includes a much larger population, depending on the number of 
independent test sets that will be used for personnel qualification.  This may include all of the 
available flaws that challenge the scope of the procedure, and in some cases this may result in 
numbers approaching 100 flaws.  Each flaw must be correctly identified or sized.  The PDA 
must verify that the procedure specifically describes the detection and sizing criteria for each 
step of the examination.   

2.2.2 Personnel Qualification 

The objective of the personnel examination is to assure that examination personnel are capable 
of performing to the specified requirements of the qualified procedure and to reach the desired 
conclusions regarding detection and sizing.   

As stated in Heasler et al. (1986), the performance demonstration requirements described and 
specified in ASME Code, Section XI, Appendix VIII are based upon the assumption that an 
inspector’s capability to detect cracks can be described by two metrics: 

• probability of detection and correct interpretation (usually stated as POD), which is the 
probability that a crack in a particular length of weld material will be detected and correctly 
interpreted as a crack by the inspector.  

• false call probability (FCP), which is the probability that a crack will be falsely 
detected/interpreted in a crack-free length of weld material. 

Therefore, the basic objective of a demonstration test is to determine which inspectors perform 
with an acceptable POD and FCP (i.e., perform at or above a specified POD threshold and 
below the FCP threshold).  Unfortunately, because any demonstration test of finite size has 
uncertainty in the estimate of an inspector’s true (POD, FCP) performance, some inspectors 
with generally unacceptable performance are bound to be passed and some of those with 
acceptable performance are failed.  
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The Ad Hoc Task Group formed by Section XI recognized that there were two technically valid 
methods by which to separate Acceptable performance from Unacceptable performance.  One 
method would be to employ a test that would use simple binomial statistics.  This testing method 
had the advantage of defining a test set so that all inspectors who successfully completed the 
test would have a set POD and FCP with defined confidence bounds.  The disadvantage of 
such a test was that the number of samples required for reasonable confidence bounds (i.e., 
90%) is very high; thus, the test set and testing would be very expensive (Singh 2000). 

As an alternative, the Ad Hoc Task Group developed the performance demonstration tests 
based upon the defining POD and FCP thresholds using power curves.  The power curve 
distributions are described by the following equations: 
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where N = total number of blank weld units inspected 
 M = total number of cracked weld units inspected 
 C0 = threshold for FCP test 
 C1 = threshold for POD test. 

An inspector having proficiency given by (FCP, POD) will therefore pass the total demonstration 
test with the probability of Pwr(FCP) × Pwr(POD).  Figure 2-1 shows the power curves that 
represent the probabilities of passing a 0/5 false call probability test, a 1/5 false call probability 
test, 5/5 probability of detection test, and a 4/5 probability of detection test. 
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Figure 2-1  Power Curves for Test Using 5 Samples 
 

The shape of the power curves for the smallest test (five weld units) is quite informative.  Notice 
that both POD tests displayed in Figure 2-1 (the 4/5 and 5/5 tests) could misclassify a large 
number of inspectors.  For example, an inspector with a POD proficiency of 50% would have an 
18% chance of passing a 4-out-of-5 test, quite a large chance for someone with such poor 
capabilities.  The 5-out-of-5 test would screen out many of the poor performers (the inspector 
with a 50% POD has a 3% chance of passing) at the risk of needlessly eliminating some good 
performers.  An inspector with 95% POD proficiency will pass the 5-out-of-5 test only 77% of the 
time (as opposed to 98% of the time for a 4/5 test). 

These misclassification errors are reduced in the larger tests.  And, as we would expect, the 
most dramatic reduction occurs when we go from the 5-sample tests to the 10-sample tests.  If 
the 8-out-of-10 POD test is used, the chance of an inspector with 50% POD proficiency passing 
the test drops to 5%.  A 9-out-of-10 test might also be considered, which allows an inspector 
with 60% POD proficiency only a 5% chance of passing.  In addition, neither of these tests is 
unduly penalizing for the good inspectors; an inspector with a 95% POD has a 99% chance of 
passing the 8-out-of-10 test and a 91% chance of passing the 9-out-of-10 test.  Figure 2-2 
shows the power curves for 10 samples or grading units for POD tests. 

Comparing Figures 2-1 and 2-2 shows that misclassification errors in testing are reduced for 
tests that use larger sample sets.  For a more complete explanation of performance 
demonstration tests, the reader is directed to NUREG/CR-4464 (Heasler et al. 1986). 
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Figure 2-2  Power Curves for POD Tests Using 10 Samples 
 

Using the information that is contained in NUREG/CR-4464, the Ad Hoc Task Group decided to 
construct a series of tests that used power curves.  This decision was based in part upon costs 
of providing test samples (especially vessel samples) if testing were to use binomial statistics, 
and the actual time that candidate inspectors would need to complete such a test. 

The power curves described above apply to one individual and one test set in isolation.  In 
practice, the process includes a very large blind procedure qualification test (30 or more flaws), 
where no failures are allowed, coupled with a number of separate personnel tests using the 
same procedures and the same or similar equipment.  Heasler et al. (2000) have shown that 
analysis of this two-step, procedure and personnel qualification describe a population that 
performs at a higher level than expected based on a single personnel test.  Since developing 
well-defined POD curves for examiners is not practical, a single screening type performance 
demonstration test will not quantify performance accurately and will have high uncertainty when 
trying to extrapolate to the full population.  In contract, the robustness of a rigorous procedure 
and equipment demonstration coupled with collapsing performance demonstration test data 
across a number of personnel tests will provide a more accurate estimate of the population 
performance and will be higher than that extrapolated from a single screening performance 
demonstration test. 

The performance level of the population of qualified examiners may be inferred from the 
qualification test results from the large number of individually qualified examiners.  POD 
evaluations have been performed by Becker (2001), Heasler et al. (2000), and Gosselin et al. 
(2007). 
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2.2.3 Equipment Qualification 

At the time Appendix VIII was originally developed, most UT was conducted with manual, non-
encoded methods, but has evolved over time to include computer-based UT systems and, more 
recently, phased-array systems.  This evolutionary process has driven changes to Appendix VIII 
requirements, particularly for equipment.  In reality, the ASME Code struggles to keep up with 
all of the advances in technology and there are a number of issues with phased-array systems 
such as modules for focal laws which are not addressed by the Code. 

Qualified equipment is defined as an essential variable during the procedure qualification.  
Thus, the procedure must specify the manufacturer and model number of the equipment being 
qualified so that any changes in operability can be assessed.  In recent years, many UT 
systems are computer-based and software must be addressed.  The qualification includes not 
only the physical hardware, it also includes the software used for data collection and data 
analysis.  The owner is required to maintain control of the software through their quality control 
system.  The PDA documents the revision of the software and hardware used during the original 
qualification. 

In practice, revisions to the system hardware and software have been re-qualified by 
demonstration on a smaller set of flaws or by analysis of the software revisions.  The procedure 
owner is required to record and maintain a record of software revisions.  The original procedure 
and documented software revision are maintained by the PDA for comparison.  Equipment from 
the same manufacturer and with the same model number can be substituted without re-
qualification.  To address other types of hardware changes, the ASME Code approved Code 
Case N-780, which details alternative requirements for upgrade, substitution, or reconfiguration 
of examination equipment when using Appendix VIII-qualified ultrasonic examination systems.  
This Code Case has not as yet been approved by the NRC, which is awaiting industry 
implementation of the Code Case in order to make a regulatory assessment.  
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3 RATIONALE FOR SECTION XI, MANDATORY 
APPENDIX VIII REQUIREMENTS 

The technical basis underlying the requirements of the ASME Code, Section XI, Appendix VIII, 
2007 Edition, including the 2008 and 2009 Addenda, is provided in this section.  The 
Appendix VIII Articles are provided in Section 3.1, followed by the Supplements in Section 3.2.  
In a dual-column layout, each requirement is reproduced verbatim in the left-hand column.  The 
right-hand column presents the rationale for the requirement.  Technical references for more in-
depth knowledge of each topic also are provided in the right-hand column (see Section 3.1.3.1) 
where they are available.  In the tables, grey highlighting has been used to make it easier for the 
reader to correlate the associated information in the two columns. 
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eq

ui
va

le
nc

y 
of

 tw
o 

pr
oc

ed
ur

es
.  

Th
e 

to
le

ra
nc

es
 re

fe
re

nc
ed

 in
 

VI
II–

40
00

 w
er

e 
ba

se
d 

up
on

 N
U

R
EG

/C
R

-5
87

1 
(G

re
en

 e
t a

l. 
19

92
). 

 T
he

 p
ro

ce
du

re
 s

ha
ll 

de
m

on
st

ra
te

 th
at

 it
 is

 e
ffe

ct
iv

e 
fo

r 
an

y 
co

m
bi

na
tio

n 
of

 e
ss

en
tia

l v
ar

ia
bl

es
 s

el
ec

te
d 

w
he

n 
th

ey
 a

re
 

sp
ec

ifi
ed

 w
ith

 a
 ra

ng
e,

 a
nd

 th
is

 is
 a

ch
ie

ve
d 

by
 te

st
in

g 
th

e 
pr

oc
ed

ur
e 

w
he

n 
th

e 
m

in
im

um
 a

nd
 m

ax
im

um
 v

al
ue

s 
ar

e 
se

le
ct

ed
 fo

r e
ac

h 
of

 th
e 

es
se

nt
ia

l v
ar

ia
bl

es
.  

A 
bl

in
d 

te
st

 
pe

rfo
rm

an
ce

 d
em

on
st

ra
tio

n 
fo

r t
he

 e
ss

en
tia

l v
ar

ia
bl

es
 a

t t
he

 
ex

tre
m

es
 o

f t
he

 ra
ng

es
 s

pe
ci

fie
d 

in
 th

e 
pr

oc
ed

ur
e 

sa
tis

fie
s 

th
is

 
re

qu
ire

m
en

t. 
(b

) W
he

n 
th

e 
pr

oc
ed

ur
e 

do
es

 n
ot

 s
pe

ci
fy

 a
 ra

ng
e 

fo
r e

ss
en

tia
l v

ar
ia

bl
es

 a
nd

 
es

ta
bl

is
he

s 
cr

ite
ria

 fo
r s

el
ec

tin
g 

va
lu

es
, t

he
 c

rit
er

ia
 s

ha
ll 

be
 d

em
on

st
ra

te
d.

 
Th

e 
ad

m
in

is
tra

to
r o

f t
he

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
te

st
 

m
us

t c
ha

lle
ng

e 
th

e 
cr

ite
ria

 u
se

d 
fo

r s
el

ec
tin

g 
es

se
nt

ia
l v

ar
ia

bl
e 

ra
ng

es
, t

o 
en

su
re

 th
at

 th
e 

pr
oc

ed
ur

e 
cr

ite
ria

 e
na

bl
e 

ef
fe

ct
iv

e 
pe

rfo
rm

an
ce

.  
Ag

ai
n,

 th
e 

ra
ng

es
 o

f e
ss

en
tia

l v
ar

ia
bl

es
 b

as
ed

 
on

 th
e 

pr
oc

ed
ur

e 
cr

ite
ria

 m
us

t b
e 

fu
lly

 e
va

lu
at

ed
 in

 th
is

 
pr

oc
es

s.
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AR
TI

C
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-3
00

0 
– 

Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 (V

III
-3

10
0 

Q
ua

lif
ic

at
io

n 
Te

st
 R

eq
ui

re
m

en
ts

) 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

VI
II-

31
40

 
R

eq
ua

lif
ic

at
io

n 
 

W
he

n 
a 

ch
an

ge
 in

 a
n 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
ca

us
es

 a
n 

es
se

nt
ia

l v
ar

ia
bl

e 
to

 e
xc

ee
d 

a 
qu

al
ifi

ed
 ra

ng
e,

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
sh

al
l b

e 
re

-q
ua

lif
ie

d 
fo

r 
th

e 
re

vi
se

d 
ra

ng
e.

 
 

Th
is

 s
im

pl
y 

st
at

es
 th

at
 p

ro
ce

du
re

 c
ha

ng
es

 m
us

t b
e 

de
m

on
st

ra
te

d 
su

cc
es

sf
ul

ly
 b

ef
or

e 
th

ey
 c

an
 b

e 
us

ed
 fo

r 
in

sp
ec

tio
ns

.  

 
TA

BL
E 

VI
II-

31
10

-1
 

 
C

O
M

PO
N

EN
T 

Q
U

AL
IF

IC
A

TI
O

N
 S

U
PP

LE
M

EN
TS

 
C

om
po

ne
nt

 T
yp

e 
A

pp
lic

ab
le

 S
up

pl
em

en
t 

Pi
pi

ng
 W

el
ds

 
 

W
ro

ug
ht

 a
us

te
ni

tic
 

2 
Fe

rr
iti

c 
3 

C
as

t a
us

te
ni

tic
 

[N
ot

e 
(1

)] 
St

ru
ct

ur
al

 w
el

d 
in

la
y 

(c
or

ro
si

on
-r

es
is

ta
nt

 c
la

d)
 

au
st

en
iti

c 
 

[N
ot

e 
(1

)] 

D
is

si
m

ila
r m

et
al

 
10

 
O

ve
rla

y 
11

 
C

oo
rd

in
at

ed
 im

pl
em

en
ta

tio
n 

12
 

Ve
ss

el
s 

 
C

la
d/

ba
se

 m
et

al
 in

te
rfa

ce
 re

gi
on

 
4 

N
oz

zl
e 

ex
am

in
at

io
ns

 fr
om

 th
e 

ou
ts

id
e 

su
rfa

ce
 

5 
R

ea
ct

or
 v

es
se

l w
el

ds
 o

th
er

 th
an

 c
la

d/
ba

se
 

m
et

al
 in

te
rfa

ce
 

6 

N
oz

zl
e 

ex
am

in
at

io
ns

 fr
om

 th
e 

in
si

de
 s

ur
fa

ce
 

7 
B

ol
ts

 a
nd

 S
tu

ds
 

8 
N

O
TE

: 
 

(1
) 

In
 th

e 
co

ur
se

 o
f p

re
pa

ra
tio

n.
 

 
 

Th
is

 is
 s

im
pl

y 
a 

lis
tin

g 
of

 th
e 

su
pp

le
m

en
ts

 in
 A

pp
en

di
x 

VI
II 

an
d 

th
e 

ty
pe

 o
f c

om
po

ne
nt

 th
at

 th
ey

 a
dd

re
ss

.  
Th

e 
A

S
M

E 
C

od
e 

ne
ed

s 
to

 u
pd

at
e 

Ta
bl

e 
VI

II-
31

10
-1

 to
 in

cl
ud

e 
Su

pp
le

m
en

t 1
4 

fo
r t

he
 c

oo
rd

in
at

ed
 im

pl
em

en
ta

tio
n 

of
 

Su
pp

le
m

en
ts

 1
0,

 2
, a

nd
 3

 fo
r p

ip
in

g 
ex

am
in

at
io

ns
 p

er
fo

rm
ed

 
fro

m
 th

e 
in

si
de

 s
ur

fa
ce

.  
It 

sh
ou

ld
 b

e 
no

te
d 

th
at

 N
ot

e 
(1

) 
re

ga
rd

in
g 

a 
su

pp
le

m
en

t a
dd

re
ss

in
g 

st
ru

ct
ur

al
 w

el
d 

in
la

y 
(c

or
ro

si
on

-r
es

is
ta

nt
 c

la
d)

 fo
r a

us
te

ni
tic

 m
at

er
ia

ls
 is

 n
ot

 u
p-

to
-

da
te

.  
N

o 
A

SM
E 

C
od

e 
C

om
m

itt
ee

 is
 c

ur
re

nt
ly

 w
or

ki
ng

 to
 

de
ve

lo
p 

th
is

 s
up

pl
em

en
t.(1

)    

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

(1
) 

EP
R

I h
as

 c
on

du
ct

ed
 re

le
va

nt
 w

or
k 

on
 a

cc
es

si
ng

 th
e 

in
sp

ec
ta

bi
lit

y 
of

 in
la

ys
/o

nl
ay

s 
on

 q
ua

lif
ie

d 
S

up
pl

em
en

t 1
0 

pr
oc

ed
ur

es
 a

nd
 p

re
se

nt
ed

 
so

m
e 

of
 th

is
 in

fo
rm

at
io

n 
at

 A
S

M
E 

C
od

e 
m

ee
tin

gs
 a

lth
ou

gh
 th

e 
au

th
or

s 
ha

ve
 n

ot
 re

vi
ew

ed
 th

e 
pu

bl
is

he
d 

re
po

rt.
  T

hi
s 

re
po

rt 
is

 o
nl

y 
av

ai
la

bl
e 

by
 p

ur
ch

as
e 

fro
m

 E
PR

I f
or

 $
14

,2
50

 a
nd

 is
 ti

tle
d 

N
on

de
st

ru
ct

iv
e 

E
va

lu
at

io
n:

  U
ltr

as
on

ic
 E

qu
iv

al
en

cy
 T

es
tin

g 
of

 W
el

d 
In

la
id

 a
nd

 W
el

d 
O

nl
ai

d 
C

om
po

ne
nt

s 
(E

PR
I, 

Pa
lo

 A
lto

, C
al

ifo
rn

ia
, 2

00
8;

 R
ep

or
t N

o.
 1

01
66

55
. 
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4 
A

R
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C
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– 
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N
TI

AL
 V

A
R

IA
B

LE
 T

O
LE

R
A

N
C

ES
 

3.
1.

4.
1 

VI
II-

41
00

 P
ro

ce
du

re
 M

od
ifi

ca
tio

ns
 

AR
TI

C
LE

 V
III

-4
00

0 
– 

ES
SE

N
TI

AL
 V

AR
IA

B
LE

 T
O

LE
R

AN
C

ES
 (V

III
-4

10
0 

Pr
oc

ed
ur

e 
M

od
ifi

ca
tio

ns
) 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
VI

II-
41

10
 

Ex
am

in
at

io
n 

Sy
st

em
 C

om
po

ne
nt

s 
 

C
om

po
ne

nt
s 

of
 th

e 
sa

m
e 

m
an

uf
ac

tu
re

r, 
an

d 
m

od
el

 o
r s

er
ie

s,
 a

re
 

su
bs

tit
ut

ab
le

 w
ith

ou
t f

ur
th

er
 c

on
si

de
ra

tio
n.

  T
he

 q
ua

lif
ie

d 
pr

oc
ed

ur
e 

m
ay

 b
e 

m
od

ifi
ed

 to
 re

pl
ac

e 
pu

ls
er

s,
 re

ce
iv

er
s,

 o
r s

ea
rc

h 
un

its
 w

ith
ou

t r
eq

ua
lif

ic
at

io
n 

w
he

n 
th

e 
fo

llo
w

in
g 

co
nd

iti
on

s 
ar

e 
m

et
. 

C
om

po
ne

nt
s 

m
ay

 b
e 

re
pl

ac
ed

 in
-k

in
d 

an
d 

do
 n

ot
 re

qu
ire

 
re

qu
al

ifi
ca

tio
n.

  D
iff

er
en

t o
r m

od
ifi

ed
 c

om
po

ne
nt

s 
ar

e 
su

bj
ec

t t
o 

VI
II-

41
10

 re
qu

ire
m

en
ts

. 
N

U
R

EG
/C

R
-5

87
1 

(G
re

en
 e

t a
l. 

19
92

) p
ro

vi
de

d 
th

e 
ba

si
s 

fo
r 

al
l t

he
 e

qu
ip

m
en

t t
ol

er
an

ce
s 

lis
te

d 
in

 V
III

-4
11

0.
  N

U
R

E
G

/C
R

-
58

71
 d

es
cr

ib
es

 w
or

k 
co

nd
uc

te
d 

at
 P

N
N

L 
on

 th
e 

ef
fe

ct
 o

f 
fre

qu
en

cy
 d

om
ai

n 
eq

ui
pm

en
t i

nt
er

ac
tio

ns
 o

n 
th

e 
re

lia
bi

lit
y 

of
 

ul
tra

so
ni

c 
in

sp
ec

tio
n.

  
Th

e 
sp

ec
ifi

c 
to

le
ra

nc
es

 s
pe

ci
fie

d 
in

 V
III

-4
11

0(
e)

, (
f),

 (g
), 

an
d 

(h
) a

re
 s

up
po

rte
d 

by
 th

e 
co

nc
lu

si
on

s 
in

 N
U

R
EG

/C
R

-5
87

1.
 

(a
) I

ns
tru

m
en

ts
 w

ith
 re

je
ct

, d
am

pi
ng

, o
r p

ul
se

 tu
ni

ng
 c

on
tro

ls
, h

av
e 

di
sc

re
te

 
se

tti
ng

s 
sp

ec
ifi

ed
 in

 th
e 

pr
oc

ed
ur

e.
 

 

(b
) P

ul
se

rs
 a

nd
 re

ce
iv

er
s 

sh
al

l b
e 

ev
al

ua
te

d 
us

in
g 

A
S

TM
 E

 1
32

4,
 G

ui
de

 fo
r 

M
ea

su
rin

g 
So

m
e 

El
ec

tro
ni

c 
C

ha
ra

ct
er

is
tic

s 
of

 U
ltr

as
on

ic
 In

st
ru

m
en

ts
, w

ith
 th

e 
fo

llo
w

in
g 

ex
ce

pt
io

ns
: 

Th
e 

de
fin

iti
on

s 
in

 th
is

 s
ec

tio
n 

(F
L, 

F u
, e

tc
.) 

ar
e 

co
ns

is
te

nt
 

w
ith

 T
he

 N
ew

 IE
E

E
 S

ta
nd

ar
d 

D
ic

tio
na

ry
 o

f E
le

ct
ric

al
 a

nd
 

E
le

ct
ro

ni
cs

 T
er

m
s 

(IE
E

E 
19

92
). 

(1
) T

he
 lo

w
er

 (F
L)

 a
nd

 u
pp

er
 (F

U
) l

im
its

 fo
r r

ec
ei

ve
rs

 s
ha

ll 
be

 
de

te
rm

in
ed

 b
et

w
ee

n 
fre

qu
en

ci
es

 th
at

 a
re

 6
 d

B 
be

lo
w

 th
e 

pe
ak

 fr
eq

ue
nc

y.
 

 

(2
) T

he
 re

ce
iv

er
 c

en
te

r f
re

qu
en

cy
 (F

C
) s

ha
ll 

be
 d

et
er

m
in

ed
 b

y:
 

 

+
=

2
L

U
C

F
F

F
 

 

(3
) T

he
 re

ce
iv

er
 b

an
d 

w
id

th
 (B

W
) s

ha
ll 

be
 d

et
er

m
in

ed
 b

y:
 

 

−
=

×
10

0
U

L

C

F
F

B
W

F
 

 

(c
) S

ea
rc

h 
un

its
 s

ha
ll 

be
 e

va
lu

at
ed

 u
si

ng
 A

ST
M

 E
 1

06
5,

 E
va

lu
at

io
n 

of
 th

e 
C

ha
ra

ct
er

is
tic

s 
of

 U
ltr

as
on

ic
 S

ea
rc

h 
U

ni
ts

. 
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O
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R

AN
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Pr
oc

ed
ur

e 
M

od
ifi

ca
tio

ns
) 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(d

) E
xa

m
in

at
io

n 
sy

st
em

s 
sh

al
l b

e 
ev

al
ua

te
d 

us
in

g 
S

up
pl

em
en

t 1
. 

 
(e

) R
ep

la
ce

m
en

ts
 o

f t
he

 in
st

ru
m

en
t o

r t
he

 p
ul

se
r s

ec
tio

n 
of

 th
e 

in
st

ru
m

en
t 

sy
st

em
 s

ha
ll 

be
 w

ith
in

 th
e 

fo
llo

w
in

g 
to

le
ra

nc
es

 o
f t

he
 o

rig
in

al
 e

qu
ip

m
en

t a
s 

m
ea

su
re

d 
in

to
 a

 5
0 

oh
m

, n
on

in
du

ct
iv

e,
 n

on
ca

pa
ci

tiv
e,

 re
si

st
iv

e 
lo

ad
: 

(1
) p

ul
se

 a
m

pl
itu

de
, ±

10
%

; 
(2

) p
ul

se
 ri

se
 ti

m
e,

 ±
10

%
; 

(3
) p

ul
se

 d
ur

at
io

n,
 ±

10
%

; 

Th
e 

pr
ov

is
io

ns
 a

dd
re

ss
in

g 
th

e 
re

pl
ac

em
en

t o
f 

m
al

fu
nc

tio
ni

ng
 e

qu
ip

m
en

t w
er

e 
de

ve
lo

pe
d 

to
 e

ns
ur

e 
th

at
 

es
se

nt
ia

l p
ar

am
et

er
s 

w
ou

ld
 b

e 
m

ai
nt

ai
ne

d,
 a

nd
 a

ls
o 

so
 th

at
 re

-
qu

al
ifi

ca
tio

n 
of

 th
e 

sy
st

em
 w

ou
ld

 n
ot

 b
e 

re
qu

ire
d 

w
he

n 
th

e 
re

pl
ac

em
en

t d
id

 n
ot

 a
dv

er
se

ly
 a

ffe
ct

 th
e 

ex
am

in
at

io
ns

. 

(f)
 R

ep
la

ce
m

en
ts

 o
f t

he
 in

st
ru

m
en

t o
r t

he
 re

ce
iv

er
 s

ec
tio

n 
of

 th
e 

in
st

ru
m

en
t 

sy
st

em
 s

ha
ll 

be
 w

ith
in

 th
e 

fo
llo

w
in

g 
to

le
ra

nc
es

 o
f t

he
 o

rig
in

al
 e

qu
ip

m
en

t: 
 

(1
) l

ow
er

 a
nd

 u
pp

er
 fr

eq
ue

nc
y 

lim
its

 a
t t

he
 -6

 d
B 

po
in

t, 
±0

.2
 M

H
z;

 
 

(2
) c

en
te

r f
re

qu
en

cy
 fo

r i
ns

tru
m

en
t r

ec
ei

ve
rs

 w
ith

 b
an

dw
id

th
s 

le
ss

 th
an

 
30

%
, ±

5%
; 

 

(3
) c

en
te

r f
re

qu
en

cy
 fo

r i
ns

tru
m

en
t r

ec
ei

ve
rs

 w
ith

 b
an

dw
id

th
s 

eq
ua

l t
o 

or
 g

re
at

er
 th

an
 3

0%
, ±

10
%

. 
 

(g
) R

ep
la

ce
m

en
t s

ea
rc

h 
un

its
 o

f t
he

 s
am

e 
m

an
uf

ac
tu

re
r’s

 m
od

el
, s

iz
e,

 a
nd

 
no

m
in

al
 fr

eq
ue

nc
y 

m
ay

 b
e 

us
ed

 w
ith

ou
t r

eq
ua

lif
ic

at
io
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) t
hr

ou
gh

 (g
) a

bo
ve

, o
r f

or
 s

ub
st

itu
tio

n 
of

 o
th

er
 

co
m

po
ne

nt
s 

of
 th

e 
ex

am
in

at
io

n 
sy

st
em

 id
en

tif
ie

d 
as

 e
ss

en
tia

l v
ar

ia
bl

es
, 

eq
ui

pm
en

t r
ep

la
ce

m
en

t i
s 

ac
ce

pt
ab

le
 if

 th
e 

ex
am

in
at

io
n 

sy
st

em
 is

 w
ith

in
 th

e 
fo

llo
w

in
g 

to
le

ra
nc

es
 o

f t
he

 o
rig

in
al

 s
ys

te
m

 w
he

n 
ev

al
ua

te
d 

in
 a

cc
or

da
nc

e 
w

ith
 

Su
pp

le
m

en
t 1

: 

 

(1
) s

ys
te

m
 c

en
te

r f
re

qu
en

cy
 fo

r e
xa

m
in

at
io

n 
sy

st
em

s 
w

ith
 b

an
dw

id
th

s 
le

ss
 th

an
 3

0%
, ±

5%
 

 

(2
) s

ys
te

m
 c

en
te

r f
re

qu
en

cy
 fo

r e
xa

m
in

at
io

n 
sy

st
em

s 
w

ith
 b

an
dw

id
th

s 
eq

ua
l t

o 
or

 g
re

at
er

 th
an

 3
0%

, ±
10

%
 

 



  

 3-11  

AR
TI

C
LE

 V
III

-4
00

0 
– 

ES
SE

N
TI

AL
 V

AR
IA

B
LE

 T
O

LE
R

AN
C

ES
 (V

III
-4

10
0 

Pr
oc

ed
ur

e 
M

od
ifi

ca
tio

ns
) 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(3

) s
ys

te
m

 b
an

dw
id

th
, ±

10
%

 
 

 
 

VI
II-

41
20

 
Se

ar
ch

 U
ni

t C
ha

ra
ct

er
iz

at
io

n 
 

C
ha

ra
ct

er
iz

at
io

n 
m

ea
su

re
m

en
ts

 o
f t

he
 s

ea
rc

h 
un

it 
sh

al
l b

e 
m

ad
e 

us
in

g 
ei

th
er

 a
 s

in
us

oi
da

l t
on

e 
bu

rs
t t

ec
hn

iq
ue

 o
r s

ho
ck

 e
xc

ita
tio

n.
  W

he
n 

us
in

g 
sh

oc
k 

ex
ci

ta
tio

n,
 th

e 
ch

ar
ac

te
riz

at
io

n 
pu

ls
er

 a
nd

 U
T 

in
st

ru
m

en
t p

ul
se

r s
ha

ll 
be

 th
e 

sa
m

e 
w

ith
in

 th
e 

lim
its

 o
f V

III
-4

11
0(

e)
. 

Th
e 

re
qu

ire
m

en
t i

s 
su

pp
or

t b
y 

th
e 

co
nc

lu
si

on
s 

of
 

N
U

R
EG

/C
R

-5
87

1 
(G

re
en

 e
t a

l. 
19

92
). 

3.
1.

4.
2 

VI
II-

42
00

 C
om

pu
te

riz
ed

 S
ys

te
m

 A
lg

or
ith

m
s 

AR
TI

C
LE

 V
III

-4
00

0 
– 

ES
SE

N
TI

AL
 V

AR
IA

B
LE

 T
O

LE
R

AN
C

ES
 (V

III
-4

20
0 

C
om

pu
te

riz
ed

 S
ys

te
m

 A
lg

or
ith

m
s)

 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

W
he

n 
th

e 
pe

rfo
rm

an
ce

 d
em

on
st

ra
tio

n 
us

es
 p

re
re

co
rd

ed
 d

at
a,

 a
lg

or
ith

m
s 

fo
r a

ut
om

at
ed

 d
ec

is
io

ns
 m

ay
 b

e 
al

te
re

d 
w

he
n 

th
e 

al
te

re
d 

al
go

rit
hm

s 
ar

e 
de

m
on

st
ra

te
d 

to
 b

e 
eq

ui
va

le
nt

 to
 th

os
e 

qu
al

ifi
ed

.  
W

he
n 

th
e 

pe
rfo

rm
an

ce
 

de
m

on
st

ra
tio

n 
re

su
lts

 m
ee

t t
he

 a
cc

ep
ta

nc
e 

re
qu

ire
m

en
ts

 o
f V

III
-3

00
0,

 th
e 

al
go

rit
hm

 s
ha

ll 
be

 c
on

si
de

re
d 

qu
al

ifi
ed

. 

Th
is

 s
pe

ci
fic

 re
qu

ire
m

en
t h

as
 a

ct
ua

lly
 n

ev
er

 b
ee

n 
us

ed
, t

o 
th

e 
au

th
or

s’
 k

no
w

le
dg

e.
  S

of
tw

ar
e 

is
 a

n 
es

se
nt

ia
l v

ar
ia

bl
e.

  A
ny

 
ch

an
ge

s 
re

qu
ire

 re
qu

al
ifi

ca
tio

n,
 a

nd
 th

is
 w

as
 a

n 
at

te
m

pt
 to

 
ad

dr
es

s 
ho

w
 to

 d
o 

th
is

.  
Th

e 
A

SM
E 

A
d 

H
oc

 T
as

k 
G

ro
up

 w
an

te
d 

th
is

 in
cl

ud
ed

. 

3.
1.

4.
3 

VI
II-

43
00

 C
al

ib
ra

tio
n 

M
et

ho
ds

 

AR
TI

C
LE

 V
III

-4
00

0 
– 

ES
SE

N
TI

AL
 V

AR
IA

B
LE

 T
O

LE
R

AN
C

ES
 (V

III
-4

30
0 

C
al

ib
ra

tio
n 

M
et

ho
ds

) 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

Al
te

rn
at

iv
e 

ca
lib

ra
tio

n 
m

et
ho

ds
 m

ay
 b

e 
de

m
on

st
ra

te
d 

eq
ui

va
le

nt
 to

 th
os

e 
de

sc
rib

ed
 in

 th
e 

qu
al

ifi
ed

 p
ro

ce
du

re
 w

ith
ou

t r
eq

ua
lif

ic
at

io
n.

  T
hi

s 
de

m
on

st
ra

tio
n 

of
 e

qu
iv

al
en

ce
 s

ha
ll 

be
 c

on
du

ct
ed

 fo
r e

ac
h 

be
am

 a
ng

le
 a

nd
 m

od
e 

of
 

pr
op

ag
at

io
n 

to
 w

hi
ch

 it
 a

pp
lie

s,
 a

s 
fo

llo
w

s.
 

Th
e 

au
th

or
s 

ar
e 

un
aw

ar
e 

of
 th

is
 b

ei
ng

 u
se

d.
  T

he
 A

S
M

E 
Ad

 H
oc

 T
as

k 
G

ro
up

 fe
lt 

it 
w

as
 im

po
rta

nt
 to

 in
cl

ud
e 

in
 

Ap
pe

nd
ix

 V
III

.  
C

al
ib

ra
tio

n 
or

 re
fe

re
nc

e 
re

fle
ct

or
s 

ar
e 

us
ed

 to
 

es
ta

bl
is

h 
re

fe
re

nc
e 

se
ns

iti
vi

ty
 fr

om
 w

hi
ch

 re
co

rd
ed

 in
di

ca
tio

ns
 

ca
n 

be
 c

om
pa

re
d.

  I
t s

ho
ul

d 
be

 n
ot

ed
 th

at
 th

e 
m

aj
or

ity
 o

f 
qu

al
ifi

ed
 p

ro
ce

du
re

s 
do

 n
ot

 e
st

ab
lis

h 
se

ns
iti

vi
ty

 o
n 

a 
se

t o
f 

ca
lib

ra
tio

n 
re

fle
ct

or
s.

  T
he

se
 p

ro
ce

du
re

s 
se

t s
en

si
tiv

ity
 b

as
ed

 
on

 th
e 

N
D

E 
re

sp
on

se
 n

oi
se

 le
ve

l o
n 

th
e 

ac
tu

al
 c

om
po

ne
nt

 
be

in
g 

ex
am

in
ed

.  
 



  

 3-12  

(a
) C

al
ib

ra
te

 th
e 

ex
am

in
at

io
n 

sy
st

em
 in

 a
cc

or
da

nc
e 

w
ith

 th
e 

al
te

rn
at

iv
e 

m
et

ho
ds

. 
 

(b
) C

om
pa

re
 th

e 
se

ns
iti

vi
ty

 o
f t

he
 a

lte
rn

at
iv

e 
ca

lib
ra

tio
n 

m
et

ho
d 

to
 th

at
 o

f 
th

e 
qu

al
ifi

ed
 c

al
ib

ra
tio

n 
m

et
ho

d.
 

 

(c
) T

he
 a

lte
rn

at
iv

e 
ca

lib
ra

tio
n 

m
et

ho
d 

is
 a

cc
ep

ta
bl

e 
w

he
n 

th
e 

sy
st

em
 

se
ns

iti
vi

ty
 is

 n
o 

m
or

e 
th

an
 2

 d
B

 b
el

ow
 th

at
 o

bt
ai

ne
d 

by
 th

e 
qu

al
ifi

ed
 m

et
ho

d.
 

 

3.
1.

5 
A

R
TI

C
LE

 V
III

-5
00

0 
– 

R
EC

O
R

D
 O

F 
Q

U
A

LI
FI

C
A

TI
O

N
 

3.
1.

5.
1 

VI
II-

51
00

 G
en

er
al

 AR
TI

C
LE

 V
III

-5
00

0 
– 

R
EC

O
R

D
 O

F 
Q

U
AL

IF
IC

A
TI

O
N

 (V
III

-5
10

0 
G

en
er

al
) 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
Th

e 
or

ga
ni

za
tio

n’
s 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

pr
og

ra
m

 s
ha

ll 
sp

ec
ify

 th
e 

do
cu

m
en

ta
tio

n 
th

at
 s

ha
ll 

be
 m

ai
nt

ai
ne

d 
as

 q
ua

lif
ic

at
io

n 
re

co
rd

s.
  

D
oc

um
en

ta
tio

n 
sh

al
l i

nc
lu

de
 id

en
tif

ic
at

io
n 

of
 p

er
so

nn
el

, N
D

E 
pr

oc
ed

ur
es

, a
nd

 
eq

ui
pm

en
t a

nd
 s

pe
ci

m
en

s 
us

ed
 d

ur
in

g 
qu

al
ifi

ca
tio

n,
 a

nd
 re

su
lts

 o
f t

he
 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n.

 

D
oc

um
en

ta
tio

n 
w

as
 re

qu
ire

d 
so

 th
at

 p
ro

gr
am

s 
co

ul
d 

be
 

au
di

te
d 

an
d 

th
ird

 p
ar

tie
s 

co
ul

d 
co

nf
irm

 th
at

 th
e 

pr
oc

ed
ur

es
, 

pe
rs

on
ne

l, 
an

d 
eq

ui
pm

en
t h

ad
 s

uc
ce

ss
fu

lly
 p

as
se

d 
th

e 
de

m
on

st
ra

tio
n 

as
 w

el
l a

s 
se

rv
in

g 
as

 a
 m

ea
ns

 to
 v

er
ify

 th
at

 U
T 

w
as

 b
ei

ng
 p

er
fo

rm
ed

 a
cc

or
di

ng
 to

 w
ha

t w
as

 q
ua

lif
ie

d.
  T

hi
s 

do
cu

m
en

ta
tio

n 
m

us
t b

e 
m

ai
nt

ai
ne

d 
an

d 
m

ad
e 

av
ai

la
bl

e 
up

on
 

re
qu

es
t. 

  
 



  

 3-13  

3.
2 

M
an

da
to

ry
 A

pp
en

di
x 

VI
II 

- S
up

pl
em

en
ts

 

3.
2.

1 
SU

PP
LE

M
EN

T 
1 

– 
EV

A
LU

A
TI

N
G

 E
LE

C
TR

O
N

IC
 C

H
A

R
A

C
TE

R
IS

TI
C

S 
O

F 
U

LT
R

A
SO

N
IC

 S
YS

TE
M

S 

Th
is

 s
up

pl
em

en
t w

as
 c

re
at

ed
 to

 p
ro

vi
de

 a
 s

ta
nd

ar
d 

m
ea

ns
 fo

r o
bj

ec
tiv

el
y 

ev
al

ua
tin

g 
th

e 
pe

rfo
rm

an
ce

 c
ha

ra
ct

er
is

tic
s 

of
 c

on
ve

nt
io

na
l 

U
T 

sy
st

em
s.

  T
he

 s
up

pl
em

en
t a

llo
w

s 
su

bs
tit

ut
io

n 
of

 e
ss

en
tia

l v
ar

ia
bl

es
, s

uc
h 

as
 s

ea
rc

h 
un

its
 o

r c
rit

ic
al

 e
qu

ip
m

en
t t

ha
t m

ig
ht

 b
e 

da
m

ag
ed

 o
r l

os
t, 

w
ith

ou
t h

av
in

g 
to

 re
pe

at
 th

e 
pe

rfo
rm

an
ce

 d
em

on
st

ra
tio

n 
pr

oc
es

s 
de

sc
rib

ed
 in

 A
pp

en
di

x 
VI

II.
  A

t t
he

 ti
m

e 
th

is
 

su
pp

le
m

en
t w

as
 d

ev
el

op
ed

, n
o 

na
tio

na
l s

ta
nd

ar
d 

ex
is

te
d 

fo
r e

va
lu

at
in

g 
th

e 
el

ec
tro

ni
c 

ch
ar

ac
te

ris
tic

s 
of

 u
ltr

as
on

ic
 s

ys
te

m
s.

  T
hi

s 
su

pp
le

m
en

t w
as

 b
as

ed
 o

n 
ex

te
ns

iv
e 

st
ud

ie
s,

 in
cl

ud
in

g 
th

os
e 

re
po

rte
d 

in
 N

U
R

EG
/C

R
-2

26
4 

(B
us

se
 e

t a
l. 

19
82

), 
as

 w
el

l a
s 

in
iti

al
 

re
su

lts
 fr

om
 ro

un
d-

ro
bi

n 
st

ud
ie

s 
be

in
g 

co
nd

uc
te

d 
by

 A
ST

M
 C

om
m

itt
ee

 E
-7

. 

AS
TM

 h
as

 d
ev

el
op

ed
 E

13
24

-0
0,

 “S
ta

nd
ar

d 
G

ui
de

 fo
r M

ea
su

rin
g 

So
m

e 
El

ec
tro

ni
c 

C
ha

ra
ct

er
is

tic
s 

of
 U

ltr
as

on
ic

 E
xa

m
in

at
io

n 
In

st
ru

m
en

ts
,” 

an
d 

E1
06

5,
 “S

ta
nd

ar
d 

G
ui

de
 fo

r E
va

lu
at

in
g 

C
ha

ra
ct

er
is

tic
s 

of
 U

ltr
as

on
ic

 S
ea

rc
h 

U
ni

ts
.” 

 T
he

se
 A

ST
M

 s
ta

nd
ar

ds
 w

er
e 

ev
ol

vi
ng

 a
t t

he
 ti

m
e 

th
at

 A
pp

en
di

x 
VI

II 
w

as
 b

ei
ng

 w
rit

te
n 

an
d 

no
w

 c
ou

ld
 s

im
pl

y 
be

 re
fe

re
nc

ed
 w

ith
 S

up
pl

em
en

t 1
 d

el
et

ed
 fr

om
 

Ap
pe

nd
ix

 V
III

.  
Th

is
 s

up
pl

em
en

t a
de

qu
at

el
y 

ad
dr

es
se

s 
on

ly
 c

on
ve

nt
io

na
l m

an
ua

l U
T 

sy
st

em
s 

an
d 

do
es

 n
ot

 a
dd

re
ss

 n
ew

er
 

te
ch

no
lo

gy
 s

uc
h 

as
 p

ha
se

d 
ar

ra
ys

.  
To

 th
e 

be
st

 k
no

w
le

dg
e 

of
 th

e 
au

th
or

s,
 th

is
 s

up
pl

em
en

t h
as

 o
nl

y 
be

en
 u

se
d 

on
 a

 v
er

y 
lim

ite
d 

ba
si

s.
  I

t w
as

 u
se

d 
to

 a
dd

re
ss

 c
ab

le
 a

nd
 c

on
ne

ct
or

 c
ha

ng
es

 a
t t

he
 D

ua
ne

 A
rn

ol
d 

En
er

gy
 C

en
te

r i
n 

20
07

 (A
D

AM
S 

ac
ce

ss
io

n 
nu

m
be

r 
M

L0
70

58
02

85
) a

nd
 in

 2
00

7 
at

 Q
ua

d 
C

iti
es

 U
ni

t 1
 (M

L0
71

62
03

02
0)

.  
Th

e 
AS

M
E 

C
od

e 
Ta

sk
 G

ro
up

 A
pp

en
di

x 
VI

II 
de

ve
lo

pe
d 

C
od

e 
C

as
e 

N
-7

80
 e

nt
itl

ed
 “A

lte
rn

at
iv

e 
R

eq
ui

re
m

en
ts

 fo
r U

pg
ra

de
, S

ub
st

itu
tio

n,
 o

r R
ec

on
fig

ur
at

io
n 

of
 E

xa
m

in
at

io
n 

Eq
ui

pm
en

t W
he

n 
U

si
ng

 
Ap

pe
nd

ix
 V

III
 Q

ua
lif

ie
d 

U
ltr

as
on

ic
 E

xa
m

in
at

io
n 

Sy
st

em
s,

” t
o 

ad
dr

es
s 

th
e 

is
su

e 
of

 re
qu

ire
m

en
ts

 fo
r t

he
 u

pg
ra

de
, s

ub
st

itu
tio

n,
 o

r 
re

co
nf

ig
ur

at
io

n 
of

 U
T 

ex
am

in
at

io
n 

eq
ui

pm
en

t. 
 T

hi
s 

C
od

e 
C

as
e 

ha
s 

be
en

 a
pp

ro
ve

d 
by

 S
ec

tio
n 

XI
 b

ut
 n

ot
 b

y 
th

e 
N

R
C

.  
Th

e 
ta

sk
 

gr
ou

p 
pl

an
s 

to
 u

pg
ra

de
 th

e 
AS

M
E 

C
od

e 
Se

ct
io

n 
X

I t
o 

in
cl

ud
e 

th
is

 C
od

e 
C

as
e 

by
 re

pl
ac

in
g 

Su
pp

le
m

en
t 1

 w
ith

 re
qu

ire
m

en
ts

 th
at

 
ap

pl
y 

to
 a

ll 
U

T 
sy

st
em

s,
 in

cl
ud

in
g 

co
nv

en
tio

na
l, 

im
ag

in
g,

 a
nd

 p
ha

se
d 

ar
ra

ys
. 

 



  

 3-14  

SU
PP

LE
M

EN
T 

1 
– 

EV
A

LU
AT

IN
G

 E
LE

C
TR

O
N

IC
 C

H
AR

AC
TE

R
IS

TI
C

S 
O

F 
U

LT
R

AS
O

N
IC

 S
YS

TE
M

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

1.
0 

 S
YS

TE
M

 F
R

EQ
U

EN
C

Y 
C

H
AR

AC
TE

R
IS

TI
C

S 
Th

e 
re

qu
ire

m
en

ts
 in

 S
up

pl
em

en
t 1

 a
re

 c
on

si
st

en
t 

w
ith

 th
os

e 
in

 A
ST

M
 S

ta
nd

ar
ds

 E
-1

32
4 

an
d 

E-
10

65
 

re
fe

rr
ed

 to
 a

bo
ve

. 
Th

is
 s

up
pl

em
en

t w
as

 d
ev

el
op

ed
 fo

r m
an

ua
l U

T 
eq

ui
pm

en
t a

nd
 h

as
 s

ee
n 

ve
ry

 li
m

ite
d 

us
e.

  S
om

e 
re

ce
nt

 w
or

k 
by

 E
PR

I (
20

10
) o

n 
ca

bl
e 

eq
ui

va
le

nc
y 

us
ed

 
th

is
 s

up
pl

em
en

t. 
 T

o 
ex

pa
nd

 th
is

 a
pp

ro
ac

h 
be

yo
nd

 
m

an
ua

l U
T,

 C
od

e 
C

as
e 

N
-7

80
 w

as
 d

ev
el

op
ed

; b
ut

 it
 

ha
s 

no
t b

ee
n 

im
pl

em
en

te
d,

 d
em

on
st

ra
te

d,
 o

r a
cc

ep
te

d 
by

 N
R

C
. 

1.
1 

 T
he

 fr
eq

ue
nc

y 
re

sp
on

se
, a

ls
o 

kn
ow

n 
as

 th
e 

fre
qu

en
cy

 s
pe

ct
ru

m
, s

ha
ll 

be
 

de
te

rm
in

ed
 b

y 
m

ea
su

rin
g 

of
 th

e 
am

pl
itu

de
 o

f t
he

 p
ul

se
 e

ch
o 

re
sp

on
se

 fr
om

 a
 ta

rg
et

 a
s 

a 
fu

nc
tio

n 
of

 fr
eq

ue
nc

y.
  T

hi
s 

re
sp

on
se

 s
ha

ll 
be

 u
se

d 
as

 a
 b

as
is

 fo
r e

st
ab

lis
hi

ng
 th

e 
ce

nt
er

 
fre

qu
en

cy
 a

nd
 b

an
dw

id
th

 o
f t

he
 u

ltr
as

on
ic

 s
ys

te
m

. 

 

C
AU

TI
O

N
:  

Th
e 

re
qu

ire
d 

ou
tp

ut
 s

ig
na

l t
es

t p
oi

nt
 fr

om
 th

e 
ul

tra
so

ni
c 

in
st

ru
m

en
t m

ay
 

re
qu

ire
 a

cc
es

s 
to

 u
ltr

as
on

ic
 c

irc
ui

try
 in

si
de

 th
e 

in
st

ru
m

en
t c

ha
ss

is
.  

Th
e 

us
e 

of
 h

ig
h 

im
pe

da
nc

e 
te

st
 p

ro
be

s 
m

ay
 a

ls
o 

be
 re

qu
ire

d 
if 

th
e 

si
gn

al
 o

f i
nt

er
es

t i
s 

no
t b

uf
fe

re
d.

 

 

1.
2 

 C
on

ne
ct

 th
e 

ul
tra

so
ni

c 
in

st
ru

m
en

t i
nc

lu
di

ng
 th

e 
se

ar
ch

 u
ni

t a
nd

, i
f a

pp
lic

ab
le

, 
th

e 
w

ed
ge

, a
s 

sh
ow

n 
in

 F
ig

. V
III

-S
1-

1A
.  

Th
e 

ou
tp

ut
 s

ig
na

l f
ro

m
 th

e 
ul

tra
so

ni
c 

in
st

ru
m

en
t 

th
at

 is
 u

se
d 

in
 d

at
a 

an
al

ys
is

 fo
r f

la
w

 d
et

ec
tio

n 
or

 fl
aw

 s
iz

in
g 

(i.
e.

, t
he

 o
ut

pu
t s

ig
na

l a
fte

r 
am

pl
ifi

ca
tio

n,
 fi

lte
rin

g,
 a

nd
 v

id
eo

 d
et

ec
tio

n)
 s

ha
ll 

be
 in

pu
t t

o 
a 

de
vi

ce
 th

at
 is

 c
ap

ab
le

 o
f 

m
ea

su
rin

g 
th

e 
fre

qu
en

cy
 s

pe
ct

ru
m

 (e
.g

., 
a 

sp
ec

tru
m

 a
na

ly
ze

r o
r a

 d
ig

iti
zi

ng
 c

irc
ui

t w
ith

 a
 

so
ftw

ar
e 

pa
ck

ag
e 

th
at

 d
et

er
m

in
es

 th
e 

fre
qu

en
cy

 re
sp

on
se

 o
f w

av
ef

or
m

s)
.  

If 
a 

di
gi

tiz
in

g 
ci

rc
ui

t i
s 

us
ed

, t
he

 ra
te

 o
f d

ig
iti

zi
ng

 s
ha

ll 
be

 a
t l

ea
st

 fi
ve

 ti
m

es
 th

e 
no

m
in

al
 (l

ab
el

ed
) 

fre
qu

en
cy

 o
f t

he
 s

ea
rc

h 
un

it.
 

 

(a
) I

f t
he

 re
ce

iv
er

 o
r t

ra
ns

m
itt

er
 p

ro
vi

de
s 

va
ria

bl
e 

si
gn

al
 fi

lte
rin

g 
or

 fr
eq

ue
nc

y 
co

nt
ro

l, 
th

e 
si

gn
al

 c
on

tro
ls

 s
ha

ll 
be

 s
et

 a
s 

sp
ec

ifi
ed

 in
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e.

  C
he

ck
 a

ll 
co

nn
ec

tio
ns

 in
 th

e 
te

st
 s

et
up

 to
 e

ns
ur

e 
th

at
 it

 is
 s

af
e 

to
 tu

rn
 o

n 
th

e 
ul

tra
so

ni
c 

sy
st

em
. 

 

(1
) F

la
t o

r n
on

fo
cu

se
d 

se
ar

ch
 u

ni
ts

 s
ha

ll 
be

 a
dj

us
te

d 
so

 th
at

 th
e 

di
st

an
ce

 (Z
o)

 
fro

m
 th

e 
fa

ce
 o

f t
he

 s
ea

rc
h 

un
it 

to
 th

e 
ta

rg
et

 is
 2

 in
. (

50
 m

m
) (

se
e 

Fi
g.

 V
III

-S
1-

1B
). 

 A
 

sm
oo

th
 g

la
ss

 b
lo

ck
 w

ith
 d

im
en

si
on

s 
2 

in
. ×

 2
 in

. ×
 1

 in
. (

50
 m

m
 ×

 5
0 

m
m

 ×
 2

5 
m

m
) t

hi
ck

 
is

 re
co

m
m

en
de

d 
as

 th
e 

ta
rg

et
.  

U
si

ng
 a

 m
an

ip
ul

at
or

, a
dj

us
t t

he
 s

ea
rc

h 
un

it 
an

gl
e 

w
ith

 
re

sp
ec

t t
o 

th
e 

bl
oc

k 
un

til
 th

e 
re

tu
rn

 e
ch

o 
is

 m
ax

im
iz

ed
 in

di
ca

tin
g 

th
at

 th
e 

so
un

d 
fie

ld
 is

 
pe

rp
en

di
cu

la
r t

o 
th

e 
bl

oc
k.

  A
dj

us
t t

he
 re

ce
iv

er
 s

ec
tio

n 
ga

in
 c

on
tro

ls
 u

nt
il 

th
e 

ul
tra

so
ni

c 
si

gn
al

 a
m

pl
itu

de
 fr

om
 th

e 
bl

oc
k 

is
 8

0%
 o

f f
ul

l s
ca

le
 w

ith
ou

t s
at

ur
at

in
g 

th
e 

ul
tra

so
ni

c 
si

gn
al

.  
Pl

ot
 th

e 
fre

qu
en

cy
 s

pe
ct

ru
m

 o
f t

he
 u

ltr
as

on
ic

 s
ig

na
l a

s 
sh

ow
n 

in
 F

ig
. V

III
-S

1-
2A

. 

A 
gl

as
s 

bl
oc

k 
is

 re
co

m
m

en
de

d 
to

 d
ea

l w
ith

 is
su

es
 

as
so

ci
at

ed
 w

ith
 tr

yi
ng

 to
 d

ef
in

e 
th

e 
sm

oo
th

ne
ss

 o
f a

 
su

rfa
ce

.  
G

la
ss

 b
lo

ck
s,

 e
as

ily
 o

bt
ai

ne
d,

 a
re

 s
m

oo
th

 to
 

op
tic

al
 s

ta
nd

ar
ds

 a
nd

 th
us

 a
cc

ep
ta

bl
e 

as
 U

T 
re

fe
re

nc
e 

ta
rg

et
s.

 



  

 3-15  

SU
PP

LE
M

EN
T 

1 
– 

EV
A

LU
AT

IN
G

 E
LE

C
TR

O
N

IC
 C

H
AR

AC
TE

R
IS

TI
C

S 
O

F 
U

LT
R

AS
O

N
IC

 S
YS

TE
M

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(2
) D

et
er

m
in

at
io

n 
of

 th
e 

fre
qu

en
cy

 re
sp

on
se

 fo
r f

oc
us

ed
 s

ea
rc

h 
un

its
 s

ha
ll 

fo
llo

w
 

th
e 

sa
m

e 
pr

oc
ed

ur
e 

fo
r f

la
t s

ea
rc

h 
un

its
, e

xc
ep

t t
ha

t t
he

 d
is

ta
nc

e 
Z o

 s
ha

ll 
be

 a
dj

us
te

d 
to

 
m

ax
im

iz
e 

ec
ho

 fr
om

 th
e 

gl
as

s 
ta

rg
et

. 

 

1.
3 

 S
ys

te
m

 F
re

qu
en

cy
 R

es
po

ns
e 

R
es

ul
ts

 
Th

e 
de

fin
iti

on
s 

in
 th

is
 s

ec
tio

n 
(F

L, 
F u

, e
tc

.) 
ar

e 
co

ns
is

te
nt

 w
ith

 T
he

 N
ew

 IE
E

E
 S

ta
nd

ar
d 

D
ic

tio
na

ry
 o

f 
E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 T
er

m
s 

(IE
E

E 
19

92
). 

(a
) L

ow
er

 F
re

qu
en

cy
 L

im
it 

(F
L)

 —
 T

he
 lo

w
er

 fr
eq

ue
nc

y 
lim

it 
(M

H
z)

 a
t a

 s
pe

ci
fic

 
fre

qu
en

cy
 c

on
tro

l s
et

tin
g 

is
 th

e 
lo

w
es

t f
re

qu
en

cy
 o

n 
th

e 
fre

qu
en

cy
 re

sp
on

se
 c

ur
ve

 th
at

 is
 

6 
dB

 b
el

ow
 th

e 
m

ax
im

um
 a

m
pl

itu
de

 a
s 

sh
ow

n 
in

 F
ig

. V
III

-S
1-

2A
.  

 

(b
) U

pp
er

 F
re

qu
en

cy
 L

im
it 

(F
U
) —

 T
he

 u
pp

er
 fr

eq
ue

nc
y 

lim
it 

(M
H

z)
 a

t a
 s

pe
ci

fic
 

fre
qu

en
cy

 c
on

tro
l s

et
tin

g 
is

 th
e 

hi
gh

es
t f

re
qu

en
cy

 o
n 

th
e 

fre
qu

en
cy

 re
sp

on
se

 c
ur

ve
 th

at
 

is
 6

 d
B 

be
lo

w
 th

e 
m

ax
im

um
 a

m
pl

itu
de

 a
s 

sh
ow

n 
in

 F
ig

. V
III

-S
1-

2A
.  

 

(c
) C

en
te

r F
re

qu
en

cy
 (F

C
) —

 T
he

 c
en

te
r f

re
qu

en
cy

 (M
H

z)
 a

t a
 s

pe
ci

fic
 fr

eq
ue

nc
y 

co
nt

ro
l s

et
tin

g 
sh

al
l b

e 
ca

lc
ul

at
ed

 a
s 

fo
llo

w
s:

 
 

+
=

2
L

U
C

F
F

F
 

 

(d
) 

Ba
nd

w
id

th
 (B

W
) —

 T
he

 b
an

dw
id

th
 (%

) a
t a

 s
pe

ci
fic

 fr
eq

ue
nc

y 
co

nt
ro

l s
et

tin
g 

sh
al

l b
e 

ca
lc

ul
at

ed
 a

s 
fo

llo
w

s:
 

 

−
=

×
10

0
U

L

C

F
F

B
W

F
 

 

(e
) 

Th
e 

sy
st

em
 fr

eq
ue

nc
y 

re
sp

on
se

 re
su

lts
, (

a)
 th

ro
ug

h 
(d

) a
bo

ve
, s

ha
ll 

be
 o

bt
ai

ne
d 

fo
r t

he
 re

m
ai

ni
ng

 re
ce

iv
er

 a
nd

 tr
an

sm
itt

er
 c

on
tro

l m
od

ul
e 

se
tti

ng
 c

om
bi

na
tio

ns
 u

se
d 

in
 

th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n.

  T
he

se
 v

al
ue

s 
sh

al
l b

e 
re

co
rd

ed
. 

 



  

 3-16  

SU
PP

LE
M

EN
T 

1 
– 

EV
A

LU
AT

IN
G

 E
LE

C
TR

O
N

IC
 C

H
AR

AC
TE

R
IS

TI
C

S 
O

F 
U

LT
R

AS
O

N
IC

 S
YS

TE
M

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 

 



  

 3-17  

SU
PP

LE
M

EN
T 

1 
– 

EV
A

LU
AT

IN
G

 E
LE

C
TR

O
N

IC
 C

H
AR

AC
TE

R
IS

TI
C

S 
O

F 
U

LT
R

AS
O

N
IC

 S
YS

TE
M

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 

 



  

 3-18  

SU
PP

LE
M

EN
T 

1 
– 

EV
A

LU
AT

IN
G

 E
LE

C
TR

O
N

IC
 C

H
AR

AC
TE

R
IS

TI
C

S 
O

F 
U

LT
R

AS
O

N
IC

 S
YS

TE
M

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 

 



  

 3-19  

3.
2.

2 
SU

PP
LE

M
EN

T 
2 

—
 Q

U
A

LI
FI

C
A

TI
O

N
 R

EQ
U

IR
EM

EN
TS

 F
O

R
 W

R
O

U
G

H
T 

A
U

ST
EN

IT
IC

 P
IP

IN
G

 W
EL

D
S 

Th
is

 s
up

pl
em

en
t w

as
 b

as
ed

 o
n 

ex
te

ns
iv

e 
ex

pe
rie

nc
e 

as
 d

oc
um

en
te

d 
in

 N
U

R
EG

/C
R

-4
46

4 
(H

ea
sl

er
 e

t a
l. 

19
86

), 
N

U
R

EG
/C

R
-4

88
2 

(S
pa

nn
er

 e
t a

l. 
19

90
); 

ro
un

d-
ro

bi
n 

te
st

s,
 s

uc
h 

as
 N

U
R

EG
/C

R
-5

06
8 

(H
ea

sl
er

 a
nd

 D
oc

to
r 1

99
6)

, N
U

R
EG

/C
R

-4
90

8 
(H

ea
sl

er
 e

t a
l. 

19
90

), 
an

d 
N

U
R

EG
/C

R
-5

41
0 

(H
ea

sl
er

 e
t a

l. 
19

93
); 

an
d 

th
e 

da
ta

 a
nd

 e
xp

er
ie

nc
e 

fro
m

 th
e 

IE
B 

82
-0

3 
(N

R
C

 1
98

2)
 a

nd
 8

3-
02

 (N
R

C
 

19
83

) e
xe

rc
is

es
. 

Th
e 

as
su

m
pt

io
n 

us
ed

 in
 d

ev
el

op
in

g 
th

e 
de

te
ct

io
n 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

re
qu

ire
m

en
ts

 s
pe

ci
fie

d 
in

 th
is

 s
up

pl
em

en
t (

an
d 

ot
he

r 
su

pp
le

m
en

ts
 in

 A
pp

en
di

x 
VI

II)
 w

as
 th

at
 a

n 
in

sp
ec

to
r’s

 c
ap

ab
ilit

y 
to

 d
et

ec
t f

la
w

s 
ca

n 
be

 q
ua

nt
ifi

ed
 in

 th
e 

te
st

 b
y 

es
tim

at
in

g 
tw

o 
pr

ob
ab

ilit
ie

s.
  T

he
 fi

rs
t i

s 
th

e 
pr

ob
ab

ilit
y 

of
 d

et
ec

tio
n 

an
d 

co
rr

ec
t i

nt
er

pr
et

at
io

n 
(P

O
D

), 
w

hi
ch

 is
 th

e 
pr

ob
ab

ilit
y 

th
at

 a
 c

ra
ck

 in
 a

 
pa

rti
cu

la
r l

en
gt

h 
of

 w
el

d 
m

at
er

ia
l w

ill 
be

 d
et

ec
te

d 
by

 th
e 

in
sp

ec
to

r. 
 T

he
 s

ec
on

d 
is

 th
e 

fa
ls

e 
ca

ll 
pr

ob
ab

ilit
y 

(F
C

P)
, w

hi
ch

 is
 th

e 
pr

ob
ab

ilit
y 

th
at

 a
 c

ra
ck

 w
ill 

be
 fa

ls
el

y 
de

te
ct

ed
 in

 a
 “b

la
nk

” o
r c

ra
ck

-fr
ee

 le
ng

th
 o

f w
el

d 
m

at
er

ia
l. 

Th
e 

Ad
 H

oc
 T

as
k 

G
ro

up
 th

at
 in

iti
al

ly
 d

ev
el

op
ed

 A
pp

en
di

x 
VI

II 
ac

ce
pt

ed
 th

e 
ex

pe
rie

nc
e 

de
sc

rib
ed

 in
 th

e 
do

cu
m

en
ts

 a
bo

ve
 a

nd
 

de
ve

lo
pe

d 
th

e 
Sp

ec
im

en
 R

eq
ui

re
m

en
ts

 fo
r b

ot
h 

D
et

ec
tio

n 
an

d 
Si

zi
ng

 S
pe

ci
m

en
s,

 C
on

du
ct

 o
f T

es
tin

g 
an

d 
Ac

ce
pt

an
ce

 C
rit

er
ia

 fo
r t

he
 

su
pp

le
m

en
ts

 d
es

cr
ib

ed
 in

 th
e 

re
st

 o
f t

hi
s 

do
cu

m
en

t. 
  

Th
e 

Ad
 H

oc
 T

as
k 

gr
ou

p 
th

at
 d

ev
el

op
ed

 th
e 

or
ig

in
al

 re
qu

ire
m

en
ts

 fo
r a

us
te

ni
tic

 s
ta

in
le

ss
 s

te
el

 w
el

dm
en

ts
 th

ou
gh

t t
ha

t t
he

 fl
aw

s 
sh

ou
ld

 b
e 

lo
ca

te
d 

on
 b

ot
h 

th
e 

ne
ar

 s
id

e 
an

d 
th

e 
fa

r s
id

e 
of

 a
us

te
ni

tic
 s

ta
in

le
ss

 s
te

el
 te

st
 s

am
pl

es
.  

Th
us

, t
he

 s
up

pl
em

en
t a

pp
lie

s 
to

 
fla

w
s 

lo
ca

te
d 

on
 b

ot
h 

th
e 

sa
m

e 
si

de
 o

f t
he

 w
el

d 
as

 th
e 

in
sp

ec
tio

n 
pr

ob
e 

(n
ea

r s
id

e)
 a

nd
 w

he
n 

th
e 

fla
w

 is
 lo

ca
te

d 
on

 th
e 

op
po

si
te

 s
id

e 
of

 th
e 

w
el

d 
as

 th
e 

in
sp

ec
tio

n 
pr

ob
e 

(fa
r s

id
e)

 o
f a

us
te

ni
tic

 s
ta

in
le

ss
 s

te
el

 w
el

dm
en

ts
.  

In
 m

an
y 

ca
se

s,
 th

e 
w

el
d 

cr
ow

ns
 a

re
 le

ft 
in

 
pl

ac
e 

an
d 

pr
ec

lu
de

 U
T 

pr
ob

es
 fr

om
 b

ei
ng

 a
bl

e 
to

 s
ca

n 
on

 to
p 

of
 th

e 
w

el
d.

  A
fte

r t
he

 in
iti

al
 p

ub
lic

at
io

n 
of

 A
pp

en
di

x 
VI

II,
 th

e 
N

R
C

 
ad

de
d 

ad
di

tio
na

l r
eq

ui
re

m
en

ts
 in

to
 1

0 
C

FR
 5

0.
55

a 
st

at
in

g 
th

at
 in

 o
rd

er
 to

 q
ua

lif
y 

an
 a

us
te

ni
tic

 p
ro

ce
du

re
 fo

r s
in

gl
e-

si
de

 a
cc

es
s,

 it
 

m
us

t d
em

on
st

ra
te

 th
e 

ca
pa

bi
lit

y 
on

 a
 te

st
 s

et
 c

on
ta

in
in

g 
al

l f
la

w
s 

on
 th

e 
fa

r s
id

e 
of

 th
e 

w
el

d.
  T

o 
da

te
 n

o 
pr

oc
ed

ur
e 

ha
s 

sa
tis

fie
d 

th
is

 
cr

ite
rio

n.
  D

em
on

st
ra

tio
ns

 a
re

 o
ffe

re
d 

fo
r n

ea
r-

si
de

 a
cc

es
s 

an
d 

fa
r-s

id
e 

ac
ce

ss
 o

r t
he

 o
pp

or
tu

ni
ty

 to
 d

em
on

st
ra

te
 a

 b
es

t-e
ffo

rt 
ap

pr
oa

ch
 o

n 
fa

r-
si

de
 fl

aw
s 

th
at

 a
re

 k
no

w
n 

to
 b

e 
de

te
ct

ab
le

.  

In
 li

eu
 o

f a
 fu

ll 
si

ng
le

-s
id

e 
en

do
rs

em
en

t, 
a 

be
st

-e
ffo

rt 
ap

pr
oa

ch
 w

as
 d

ev
el

op
ed

.  
In

 th
is

 a
pp

ro
ac

h,
 th

re
e 

or
 m

or
e 

ex
am

pl
es

 o
f f

ar
-s

id
e 

fla
w

s,
 w

hi
ch

 a
re

 k
no

w
n 

to
 b

e 
de

te
ct

ab
le

, a
re

 in
cl

ud
ed

 in
 th

e 
te

st
 s

et
.  

If 
a 

ca
nd

id
at

e 
m

is
se

s 
no

 m
or

e 
th

an
 o

ne
 o

f t
he

 fa
r-

si
de

 fl
aw

s 
an

d 
m

ee
ts

 a
ll 

ot
he

r a
cc

ep
ta

nc
e 

cr
ite

ria
, h

e/
sh

e 
is

 q
ua

lif
ie

d 
fo

r t
he

 “B
es

t-E
ffo

rt 
Ap

pr
oa

ch
.” 
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
1.

0 
 S

PE
C

IM
EN

 R
EQ

U
IR

EM
EN

TS
 

 
Q

ua
lif

ic
at

io
n 

te
st

 s
pe

ci
m

en
s 

sh
al

l m
ee

t t
he

 re
qu

ire
m

en
ts

 li
st

ed
 h

er
ei

n,
 u

nl
es

s 
a 

se
t 

of
 s

pe
ci

m
en

s 
is

 d
es

ig
ne

d 
to

 a
cc

om
m

od
at

e 
sp

ec
ifi

c 
lim

ita
tio

ns
 s

ta
te

d 
in

 th
e 

sc
op

e 
of

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
(e

.g
., 

pi
pe

 s
iz

e,
 a

cc
es

s 
lim

ita
tio

ns
). 

 T
he

 s
am

e 
sp

ec
im

en
s 

m
ay

 
be

 u
se

d 
to

 d
em

on
st

ra
te

 b
ot

h 
de

te
ct

io
n 

an
d 

si
zi

ng
 q

ua
lif

ic
at

io
n.

 

Th
is

 is
 a

 g
en

er
al

 re
qu

ire
m

en
t t

ha
t t

he
 s

pe
ci

m
en

 
se

t n
ee

ds
 to

 b
e 

se
le

ct
ed

 to
 fu

lly
 a

dd
re

ss
 th

e 
sc

op
e 

of
 

th
e 

pr
oc

ed
ur

e 
an

d 
be

 re
pr

es
en

ta
tiv

e 
of

 th
e 

su
rfa

ce
 

co
nd

iti
on

s 
du

rin
g 

IS
I. 

1.
1 

 G
en

er
al

.  
Th

is
 S

up
pl

em
en

t i
s 

ap
pl

ic
ab

le
 to

 a
us

te
ni

tic
 p

ip
in

g 
w

el
ds

 e
xa

m
in

ed
 

fro
m

 e
ith

er
 th

e 
in

si
de

 (I
.D

.) 
or

 o
ut

si
de

 (O
.D

.) 
su

rfa
ce

.  
Th

e 
ap

pl
ic

ab
le

 q
ua

lif
ic

at
io

n 
cr

ite
ria

 
sh

al
l b

e 
sa

tis
fie

d 
se

pa
ra

te
ly

.  
Th

is
 S

up
pl

em
en

t i
s 

no
t a

pp
lic

ab
le

 to
 p

ip
in

g 
w

el
ds

 
co

nt
ai

ni
ng

 s
up

pl
em

en
ta

l c
or

ro
si

on
-r

es
is

ta
nt

 c
la

dd
in

g 
ap

pl
ie

d 
to

 m
iti

ga
te

 IG
SC

C
.  

Th
e 

sp
ec

im
en

 s
et

 s
ha

ll 
co

nf
or

m
 to

 th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

Th
is

 s
up

pl
em

en
t w

as
 o

rig
in

al
ly

 s
et

 u
p 

fo
r 

in
sp

ec
tio

ns
 fr

om
 o

nl
y 

th
e 

O
.D

. s
ur

fa
ce

 b
ut

 w
as

 la
te

r 
up

da
te

d 
to

 a
ls

o 
ad

dr
es

s 
I.D

. i
ns

pe
ct

io
ns

. 

(a
) S

pe
ci

m
en

s 
sh

al
l h

av
e 

su
ffi

ci
en

t v
ol

um
e 

to
 m

in
im

iz
e 

sp
ur

io
us

 re
fle

ct
io

ns
 th

at
 m

ay
 

in
te

rfe
re

 w
ith

 th
e 

in
te

rp
re

ta
tio

n 
pr

oc
es

s.
 

Th
e 

sp
ec

im
en

s 
m

us
t r

ef
le

ct
 re

al
is

tic
 fi

el
d 

co
nd

iti
on

s;
 if

 th
e 

sp
ec

im
en

s 
ar

e 
to

o 
sm

al
l, 

th
en

 s
ig

na
ls

 
w

ill 
be

 p
re

se
nt

 th
at

 w
ill 

no
t b

e 
se

en
 o

n 
fu

ll-
si

ze
d 

co
m

po
ne

nt
s.

 
(b

) T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

co
ns

is
t o

f a
t l

ea
st

 fo
ur

 s
pe

ci
m

en
s 

ha
vi

ng
 d

iff
er

en
t 

no
m

in
al

 p
ip

e 
di

am
et

er
s 

an
d 

th
ic

kn
es

se
s.

  T
he

 s
et

 s
ha

ll 
in

cl
ud

e 
pi

pe
 s

pe
ci

m
en

s 
no

t 
th

ic
ke

r t
ha

n 
0.

1 
in

. (
2.

5 
m

m
) m

or
e 

th
an

 th
e 

m
in

im
um

 th
ic

kn
es

s,
 n

or
 th

in
ne

r t
ha

n 
0.

5 
in

. 
(1

3 
m

m
) l

es
s 

th
an

 th
e 

m
ax

im
um

 th
ic

kn
es

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 

ap
pl

ic
ab

le
.  

It 
sh

al
l i

nc
lu

de
 th

e 
m

in
im

um
, w

ith
in

 N
P

S 
1/

2,
 a

nd
 m

ax
im

um
 p

ip
e 

di
am

et
er

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 a

pp
lic

ab
le

.  
If 

th
e 

pr
oc

ed
ur

e 
is

 a
pp

lic
ab

le
 to

 p
ip

e 
O

.D
. o

f 2
4 

in
. (

60
0 

m
m

) o
r l

ar
ge

r, 
th

e 
sp

ec
im

en
 s

et
 m

us
t i

nc
lu

de
 a

t l
ea

st
 o

ne
 s

pe
ci

m
en

 
24

 in
. O

.D
. (

60
0 

m
m

) o
r l

ar
ge

r b
ut

 n
ee

d 
no

t i
nc

lu
de

 th
e 

m
ax

im
um

 d
ia

m
et

er
. 

Be
ca

us
e 

in
sp

ec
tio

n 
pr

oc
ed

ur
es

 c
ov

er
 a

 ra
ng

e 
of

 
pi

pe
 d

ia
m

et
er

s 
an

d 
w

al
l t

hi
ck

ne
ss

es
, t

hi
s 

gu
id

an
ce

 
ex

pl
ai

ns
 h

ow
 to

 b
ra

ck
et

 th
e 

ra
ng

e 
to

 e
ns

ur
e 

th
at

 th
e 

pr
oc

ed
ur

e/
eq

ui
pm

en
t a

nd
 p

er
so

nn
el

 a
re

 te
st

ed
 fo

r a
ll 

co
nd

iti
on

s 
co

ve
re

d 
by

 th
e 

pr
oc

ed
ur

e 
sc

op
e.

  T
he

 b
as

is
 

fo
r t

he
 re

qu
ire

m
en

t t
ha

t t
he

 s
pe

ci
m

en
 s

et
 s

ho
ul

d 
co

nt
ai

n 
“a

t l
ea

st
 fo

ur
 s

pe
ci

m
en

s”
 c

am
e 

fro
m

 th
e 

di
sc

us
si

on
s 

w
ith

in
 th

e 
Ad

 H
oc

 T
as

k 
G

ro
up

 th
at

 
id

en
tif

ie
d 

fo
ur

 b
as

ic
 c

on
di

tio
ns

 fo
r m

os
t i

ns
pe

ct
io

n 
pr

oc
ed

ur
es

 a
t t

ha
t t

im
e 

(c
irc

a 
19

84
). 

 T
he

 c
on

di
tio

ns
 

w
er

e 
• 

le
ss

 th
an

 1
2-

in
. (

30
0-

m
m

) n
om

in
al

 p
ip

e 
di

am
et

er
 

an
d 

le
ss

 th
an

 0
.6

-in
. (

15
-m

m
) n

om
in

al
 w

al
l 

th
ic

kn
es

s 
• 

le
ss

 th
an

 1
2-

in
. (

30
0-

m
m

) n
om

in
al

 p
ip

e 
di

am
et

er
 

an
d 

0.
6-

in
. (

15
-m

m
) o

r g
re

at
er

 n
om

in
al

 w
al

l 
th

ic
kn

es
s 

• 
12

-in
. (

30
0-

m
m

) o
r g

re
at

er
 n

om
in

al
 p

ip
e 

di
am

et
er

 
an

d 
le

ss
 th

an
 0

.6
-in

. (
15

-m
m

) n
om

in
al

 w
al

l 
th

ic
kn

es
s 

 



  

 3-21  

SU
PP

LE
M

EN
T 

2 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 W
R

O
U

G
H

T 
AU

ST
EN

IT
IC

 P
IP

IN
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
• 

12
-in

. (
30

0-
m

m
) o

r g
re

at
er

 n
om

in
al

 p
ip

e 
di

am
et

er
 

an
d 

0.
6-

in
. (

15
-m

m
) o

r g
re

at
er

 n
om

in
al

 w
al

l 
th

ic
kn

es
s.

 
Th

er
ef

or
e,

 th
e 

re
qu

ire
m

en
t e

vo
lv

ed
 in

to
 a

t l
ea

st
 

fo
ur

 s
pe

ci
m

en
s.

  T
he

 in
te

nt
 is

 to
 c

ov
er

 th
e 

sa
m

e 
ra

ng
e 

of
 p

ip
e 

th
ic

kn
es

se
s 

an
d 

di
am

et
er

s 
as

 s
ta

te
d 

in
 th

e 
sc

op
e 

of
 th

e 
pi

pe
 in

sp
ec

tio
n 

pr
oc

ed
ur

e.
 

Fo
ur

 s
pe

ci
m

en
s 

ar
e 

co
ns

id
er

ed
 th

e 
m

in
im

um
 

nu
m

be
r o

f s
pe

ci
m

en
s 

to
 a

de
qu

at
el

y 
ad

dr
es

s 
th

e 
ra

ng
e 

of
 a

us
te

ni
tic

 p
ip

in
g 

co
nd

iti
on

s 
lo

ca
te

d 
in

 n
uc

le
ar

 p
ow

er
 

pl
an

ts
. 

(c
) T

ak
in

g 
in

to
 c

on
si

de
ra

tio
n 

th
e 

ac
ce

ss
ib

le
 s

ca
nn

in
g 

su
rfa

ce
, t

he
 O

.D
. o

r I
.D

. 
sp

ec
im

en
 s

et
 s

ha
ll 

in
cl

ud
e 

ap
pl

ic
ab

le
 e

xa
m

pl
es

 o
f t

he
 fo

llo
w

in
g 

fa
br

ic
at

io
n 

co
nd

iti
on

s:
 

Su
rfa

ce
 c

on
di

tio
ns

 a
nd

 g
eo

m
et

ric
al

 c
on

di
tio

ns
 a

re
 

po
te

nt
ia

l m
aj

or
 li

m
ita

tio
ns

 a
dv

er
se

ly
 im

pa
ct

in
g 

in
sp

ec
tio

n 
ef

fe
ct

iv
en

es
s;

 th
us

, t
he

se
 c

on
di

tio
ns

 m
us

t 
be

 p
ar

t o
f t

he
 s

am
pl

e 
se

t i
n 

or
de

r t
o 

ha
ve

 a
ss

ur
an

ce
 

th
at

 th
ey

 d
o 

no
t i

m
pa

ct
 th

e 
in

sp
ec

tio
n.

  I
n 

U
.S

. n
uc

le
ar

 
po

w
er

 p
la

nt
s,

 m
an

y 
w

el
ds

, g
eo

m
et

rie
s,

 a
nd

 m
at

er
ia

ls
 

w
er

e 
no

t s
el

ec
te

d 
or

 in
st

al
le

d 
ba

se
d 

on
 th

ei
r i

m
pa

ct
 o

n 
in

sp
ec

tio
ns

.  
As

 a
 re

su
lt,

 a
ll 

of
 th

es
e 

co
nd

iti
on

s 
m

us
t 

be
 in

cl
ud

ed
 in

 th
e 

te
st

 s
am

pl
es

. 
Si

nc
e 

th
e 

de
si

gn
ed

 v
er

su
s 

as
-b

ui
lt 

co
nd

iti
on

s 
ar

e 
no

t k
no

w
n 

or
 d

oc
um

en
te

d,
 in

sp
ec

tio
n 

ex
pe

rie
nc

e 
an

d 
su

rv
ey

s 
ha

ve
 b

ee
n 

ne
ed

ed
 to

 c
ol

le
ct

 a
 k

no
w

le
dg

e 
ba

se
 to

 g
ui

de
 th

e 
se

le
ct

io
n 

of
 re

pr
es

en
ta

tiv
e 

sp
ec

im
en

s.
 

(1
) u

ng
ro

un
d 

w
el

d 
re

in
fo

rc
em

en
t (

cr
ow

ns
); 

 
(2

) w
id

e 
cr

ow
ns

, s
uc

h 
th

at
 th

e 
to

ta
l c

ro
w

n 
w

id
th

 is
 1

 ½
 to

 2
 ti

m
es

 th
e 

no
m

in
al

 
pi

pe
 w

al
l t

hi
ck

ne
ss

; 
 

(3
) g

eo
m

et
ric

 c
on

di
tio

ns
 th

at
 n

or
m

al
ly

 re
qu

ire
 d

is
cr

im
in

at
io

n 
fro

m
 fl

aw
s 

(e
.g

., 
co

un
te

rb
or

e,
 w

el
d 

ro
ot

 c
on

di
tio

ns
 s

uc
h 

as
 e

xc
es

si
ve

 I.
D

. r
ei

nf
or

ce
m

en
t f

or
 O

.D
. s

ca
ns

, 
or

 O
.D

. r
ei

nf
or

ce
m

en
t f

or
 I.

D
. s

ca
ns

, a
s 

ap
pl

ic
ab

le
); 

 

(4
) t

yp
ic

al
 li

m
ite

d 
sc

an
ni

ng
 s

ur
fa

ce
 c

on
di

tio
ns

 (e
.g

., 
di

am
et

ric
al

 s
hr

in
k,

 s
in

gl
e-

si
de

 a
cc

es
s 

du
e 

to
 s

af
e 

en
ds

 o
r f

itt
in

gs
, c

la
d 

su
rfa

ce
s,

 o
r c

ou
nt

er
bo

re
 w

ith
in

 th
e 

sc
an

ni
ng

 a
re

a,
 a

s 
ap

pl
ic

ab
le

). 
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(d

) A
ll 

fla
w

s 
in

 th
e 

sp
ec

im
en

 s
et

 s
ha

ll 
be

 c
ra

ck
s.

 
Ea

rly
 p

ar
am

et
ric

 s
tu

di
es

 c
on

du
ct

ed
 o

n 
in

sp
ec

tio
n 

pa
ra

m
et

er
s 

(N
U

R
EG

/C
R

-1
69

6,
 B

ec
ke

r e
t a

l. 
19

81
) 

sh
ow

ed
 th

at
 c

ra
ck

s 
di

d 
no

t h
av

e 
U

T 
re

sp
on

se
s 

lik
e 

m
ac

hi
ne

d 
re

fle
ct

or
s.

  I
n 

fa
ct

, c
ra

ck
s 

pr
od

uc
e 

m
uc

h 
lo

w
er

 re
sp

on
se

s.
  T

hu
s,

 to
 e

ns
ur

e 
th

at
 N

D
E 

pe
rs

on
ne

l, 
eq

ui
pm

en
t, 

an
d 

pr
oc

ed
ur

es
 c

an
 re

lia
bl

y 
de

te
ct

 a
nd

 
ac

cu
ra

te
ly

 s
iz

e 
se

rv
ic

e 
de

gr
ad

at
io

n 
(c

ra
ck

s)
, t

he
y 

ne
ed

 to
 b

e 
in

cl
ud

ed
 in

 th
e 

te
st

 s
pe

ci
m

en
s.

 
(1

) M
ec

ha
ni

ca
l f

at
ig

ue
 c

ra
ck

s 
an

d 
ei

th
er

 IG
SC

C
 o

r t
he

rm
al

 fa
tig

ue
 c

ra
ck

s 
sh

al
l 

be
 u

se
d.

  A
t l

ea
st

 7
5%

 o
f t

he
 c

ra
ck

s 
sh

al
l b

e 
ei

th
er

 IG
S

C
C

 o
r t

he
rm

al
 fa

tig
ue

 c
ra

ck
s.

 
Ba

se
d 

on
 la

bo
ra

to
ry

 s
tu

di
es

 a
nd

 ro
un

d-
ro

bi
n 

te
st

s 
lis

te
d 

ab
ov

e,
 IG

SC
C

 te
nd

ed
 to

 h
av

e 
ve

ry
 lo

w
 U

T 
re

sp
on

se
s 

an
d 

th
er

m
al

 fa
tig

ue
 c

ra
ck

s 
un

de
r r

es
id

ua
l 

co
m

pr
es

si
ve

 s
tre

ss
es

 te
nd

ed
 to

 h
av

e 
a 

si
m

ila
r U

T 
re

sp
on

se
. 

(2
) A

t l
ea

st
 5

0%
 o

f t
he

 c
ra

ck
s 

sh
al

l b
e 

co
in

ci
de

nt
 w

ith
 fa

br
ic

at
ed

 c
on

di
tio

ns
 

de
sc

rib
ed

 in
 (c

) a
bo

ve
. 

Fa
br

ic
at

io
n 

co
nd

iti
on

s 
m

ak
e 

in
sp

ec
tio

ns
 m

or
e 

ch
al

le
ng

in
g.

  I
G

SC
C

 g
ro

w
s 

in
 th

e 
he

at
-a

ffe
ct

ed
 z

on
e 

of
 a

 w
el

dm
en

t a
nd

, t
hu

s,
 is

 n
ea

r t
o 

th
e 

w
el

d 
ro

ot
, t

o 
m

et
al

lu
rg

ic
al

 c
on

di
tio

ns
, a

nd
 to

 th
e 

tra
ns

iti
on

 p
oi

nt
 fo

r 
sh

or
t c

ou
nt

er
 b

or
es

.  
Th

is
 re

qu
ire

s 
th

at
 a

ll 
of

 th
es

e 
co

nd
iti

on
s 

m
us

t b
e 

in
cl

ud
ed

 in
 th

e 
te

st
 s

et
. 

1.
2 

 D
et

ec
tio

n 
Sp

ec
im

en
s.

  T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

in
cl

ud
e 

de
te

ct
io

n 
sp

ec
im

en
s 

th
at

 m
ee

t t
he

 fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

 

(a
) S

pe
ci

m
en

s 
sh

al
l b

e 
di

vi
de

d 
in

to
 g

ra
di

ng
 u

ni
ts

.  
Ea

ch
 g

ra
di

ng
 u

ni
t s

ha
ll 

in
cl

ud
e 

at
 

le
as

t 3
 in

. (
75

 m
m

) o
f w

el
d 

le
ng

th
.  

If 
a 

gr
ad

in
g 

un
it 

is
 d

es
ig

ne
d 

to
 b

e 
un

fla
w

ed
, a

t l
ea

st
 1

 
in

. (
25

 m
m

) o
f u

nf
la

w
ed

 m
at

er
ia

l s
ha

ll 
ex

is
t o

n 
ei

th
er

 s
id

e 
of

 th
e 

gr
ad

in
g 

un
it.

  T
he

 
se

gm
en

t o
f w

el
d 

le
ng

th
 u

se
d 

in
 o

ne
 g

ra
di

ng
 u

ni
t s

ha
ll 

no
t b

e 
us

ed
 in

 a
no

th
er

 g
ra

di
ng

 
un

it.
  G

ra
di

ng
 u

ni
ts

 n
ee

d 
no

t b
e 

un
ifo

rm
ly

 s
pa

ce
d 

ar
ou

nd
 th

e 
pi

pe
 s

pe
ci

m
en

. 

G
ra

di
ng

 u
ni

ts
 w

er
e 

se
le

ct
ed

 to
 s

im
pl

ify
 th

e 
gr

ad
in

g 
pr

oc
es

s 
an

d 
m

ak
e 

it 
ob

je
ct

iv
e.

  T
he

 s
iz

e 
of

 th
e 

gr
ad

in
g 

un
it 

w
as

 a
 c

om
pr

om
is

e.
  T

he
 c

om
pr

om
is

e 
w

as
 b

as
ed

 
on

 e
vi

de
nc

e 
do

cu
m

en
te

d 
in

 N
U

R
EG

/C
R

-4
90

8 
(H

ea
sl

er
 e

t a
l. 

19
90

) t
ha

t s
ho

w
ed

 th
at

 F
C

P 
an

d 
PO

D
 

ha
ve

 a
 c

om
pl

ic
at

ed
 re

la
tio

ns
hi

p 
w

ith
 g

ra
di

ng
 u

ni
t s

iz
e.

  
A 

gr
ad

in
g 

un
it 

of
 1

 in
. (

25
.4

 m
m

) t
en

ds
 to

 u
nd

er
-

es
tim

at
e 

PO
D

 a
nd

 F
C

P;
 a

 la
rg

e 
gr

ad
in

g 
un

it 
su

ch
 a

s 
8 

in
. (

20
3 

m
m

), 
w

hi
le

 p
ro

vi
di

ng
 a

 re
as

on
ab

le
 e

st
im

at
e 

of
 P

O
D

 a
nd

 F
C

P,
 w

as
 d

et
er

m
in

ed
 b

y 
th

e 
Ad

 H
oc

 T
as

k 
G

ro
up

 to
 re

su
lt 

in
 a

 s
et

 o
f t

es
t s

pe
ci

m
en

s 
th

at
 w

ou
ld

 
be

 v
er

y 
ex

pe
ns

iv
e 

to
 fa

br
ic

at
e.

  T
he

 s
pa

ci
ng

 b
et

w
ee

n 
gr

ad
in

g 
un

its
 h

el
ps

 e
ns

ur
e 

th
at

 th
er

e 
is

 n
o 

cr
os

s 
co

nt
am

in
at

io
n 

fro
m

 o
ne

 g
ra

di
ng

 u
ni

t t
o 

an
ot

he
r 

be
ca

us
e 

of
 th

ei
r p

ro
xi

m
ity

.  
G

ra
di

ng
 u

ni
ts

 a
re

 n
ot
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
m

ar
ke

d 
on

 th
e 

te
st

 s
pe

ci
m

en
 s

o 
th

at
 a

n 
in

sp
ec

to
r d

oe
s 

no
t k

no
w

 h
ow

 m
an

y 
ar

e 
in

 a
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 o

r 
w

he
re

 th
ey

 a
re

 lo
ca

te
d.

 
(b

) D
et

ec
tio

n 
se

ts
 fo

r p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

sh
al

l b
e 

se
le

ct
ed

 fr
om

 T
ab

le
 V

III
-S

2-
1.

  
Th

e 
nu

m
be

r o
f u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 a

t l
ea

st
 tw

ic
e 

th
e 

nu
m

be
r o

f f
la

w
ed

 
gr

ad
in

g 
un

its
.  

Fo
r i

ni
tia

l p
ro

ce
du

re
 q

ua
lif

ic
at

io
n,

 d
et

ec
tio

n 
se

ts
 s

ha
ll 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

ts
.  

To
 q

ua
lif

y 
ne

w
 v

al
ue

s 
of

 e
ss

en
tia

l 
va

ria
bl

es
, a

t l
ea

st
 o

ne
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

t i
s 

re
qu

ire
d.

 

O
rig

in
al

ly
 th

e 
A

SM
E 

C
od

e 
re

qu
ire

d 
th

at
 if

 a
n 

in
sp

ec
to

r c
ou

ld
 p

as
s 

th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

te
st

, t
he

 p
er

so
nn

el
, e

qu
ip

m
en

t, 
an

d 
pr

oc
ed

ur
e 

w
er

e 
ac

ce
pt

ab
le

.  
In

 s
om

e 
ca

se
s,

 o
nl

y 
on

e 
pe

rs
on

 c
ou

ld
 

pa
ss

 th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

us
in

g 
a 

pa
rti

cu
la

r 
se

t o
f i

ns
pe

ct
io

n 
eq

ui
pm

en
t a

nd
 p

ro
ce

du
re

.  
Th

us
 

Ap
pe

nd
ix

 V
III

 w
as

 m
od

ifi
ed

 to
 in

cl
ud

e 
th

e 
re

qu
ire

m
en

t 
th

at
 in

iti
al

ly
 th

e 
pr

oc
ed

ur
e 

an
d 

eq
ui

pm
en

t b
ec

om
e 

qu
al

ifi
ed

 o
nl

y 
af

te
r t

he
y 

ha
ve

 s
uc

ce
ss

fu
lly

 p
as

se
d 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

ts
.  

Th
is

 
in

cr
ea

se
d 

th
e 

ro
bu

st
ne

ss
 o

f t
he

 e
qu

ip
m

en
t a

nd
 

pr
oc

ed
ur

e 
qu

al
ifi

ca
tio

n 
be

ca
us

e 
al

l t
he

 fl
aw

s 
ha

d 
to

 b
e 

de
te

ct
ed

 b
y 

th
e 

pr
oc

ed
ur

e 
an

d 
eq

ui
pm

en
t. 

 H
ea

sl
er

 
et

 a
l. 

(2
00

0)
 s

ho
w

ed
 th

at
 a

 tw
o-

st
ag

e 
pr

oc
es

s 
ac

hi
ev

in
g 

im
pr

ov
ed

 e
qu

ip
m

en
t a

nd
 p

ro
ce

du
re

s 
sh

ou
ld

 
le

ad
 to

 h
ig

he
r p

er
so

nn
el

 p
as

s 
ra

te
s.

 
(c

) F
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

m
ee

t t
he

 fo
llo

w
in

g 
cr

ite
ria

 fo
r f

la
w

 d
ep

th
, o

rie
nt

at
io

n,
 

an
d 

ty
pe

. 
 

(1
) A

 m
in

im
um

 o
f 1

/3
 o

f t
he

 fl
aw

s,
 ro

un
de

d 
to

 th
e 

ne
xt

 h
ig

he
r w

ho
le

 n
um

be
r, 

sh
al

l h
av

e 
de

pt
hs

 b
et

w
ee

n 
5%

 a
nd

 3
0%

 o
f t

he
 n

om
in

al
 p

ip
e 

w
al

l t
hi

ck
ne

ss
.  

At
 le

as
t 1

/3
 

of
 th

e 
fla

w
s,

 ro
un

de
d 

to
 th

e 
ne

xt
 h

ig
he

r w
ho

le
 n

um
be

r, 
sh

al
l h

av
e 

de
pt

hs
 g

re
at

er
 th

an
 

30
%

 o
f t

he
 n

om
in

al
 p

ip
e 

w
al

l t
hi

ck
ne

ss
. 

An
y 

si
ze

 o
f s

er
vi

ce
 fl

aw
s 

m
ay

 e
xi

st
 a

t t
he

 ti
m

e 
of

 
in

sp
ec

tio
n,

 a
nd

 th
e 

de
m

on
st

ra
tio

n 
m

us
t s

ho
w

 th
at

 th
e 

pe
rs

on
ne

l, 
eq

ui
pm

en
t, 

an
d 

pr
oc

ed
ur

es
 c

an
 re

lia
bl

y 
de

te
ct

 a
nd

 a
cc

ur
at

el
y 

si
ze

 a
ll 

fla
w

s 
th

at
 m

ig
ht

 b
e 

in
 th

e 
de

gr
ad

ed
 c

om
po

ne
nt

. 
(2

) A
t l

ea
st

 o
ne

 a
nd

 a
 m

ax
im

um
 o

f 1
0%

 o
f t

he
 fl

aw
s,

 ro
un

de
d 

to
 th

e 
ne

xt
 h

ig
he

r 
w

ho
le

 n
um

be
r, 

sh
al

l b
e 

or
ie

nt
ed

 a
xi

al
ly

.  
Th

e 
re

m
ai

nd
er

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

or
ie

nt
ed

 
ci

rc
um

fe
re

nt
ia

lly
. 

Se
rv

ic
e 

cr
ac

ks
 o

cc
ur

 b
ot

h 
ci

rc
um

fe
re

nt
ia

lly
 a

nd
 

ax
ia

lly
.  

As
 s

uc
h,

 b
ot

h 
co

nd
iti

on
s 

ne
ed

 to
 b

e 
in

cl
ud

ed
 

in
 th

e 
te

st
 s

am
pl

es
. 
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(3

) S
er

vi
ce

-in
du

ce
d 

fla
w

s 
sh

al
l b

e 
in

cl
ud

ed
 w

he
n 

av
ai

la
bl

e.
  W

he
n 

th
e 

pr
oc

ed
ur

e 
is

 in
te

nd
ed

 to
 d

et
ec

t I
G

SC
C

, a
t l

ea
st

 fo
ur

 fi
el

d-
re

m
ov

ed
, I

G
SC

C
-fl

aw
ed

 g
ra

di
ng

 u
ni

ts
 

sh
al

l b
e 

in
cl

ud
ed

 in
 th

e 
de

te
ct

io
n 

te
st

 s
et

. 

Th
is

 p
ar

ag
ra

ph
 a

ck
no

w
le

dg
es

 th
at

 th
e 

be
st

 fl
aw

s 
to

 u
se

 fo
r p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

te
st

in
g 

ar
e 

se
rv

ic
e 

fla
w

s 
be

ca
us

e 
th

is
 is

 w
ha

t n
ee

ds
 to

 b
e 

fo
un

d 
du

rin
g 

IS
I. 

 A
lth

ou
gh

 n
ot

 e
xp

lic
itl

y 
st

at
ed

, i
t i

s 
ex

pe
ct

ed
 

th
at

 if
 n

ew
 d

eg
ra

da
tio

n 
pr

oc
es

se
s 

oc
cu

r i
n 

th
e 

fu
tu

re
, 

th
en

 c
on

si
de

ra
tio

n 
w

ou
ld

 b
e 

gi
ve

n 
to

 a
dd

in
g 

ne
w

 fl
aw

s 
si

m
ul

at
in

g 
th

e 
N

D
E 

re
sp

on
se

s 
fro

m
 th

e 
ne

w
 d

eg
ra

da
-

tio
n 

pr
oc

es
s 

to
 th

e 
te

st
 s

et
s.

  B
as

ed
 o

n 
re

ce
nt

 in
du

st
ry

 
ex

pe
rie

nc
e,

 th
e 

em
er

ge
nc

e 
of

 a
 n

ew
 d

eg
ra

da
tio

n 
pr

oc
es

s 
is

 li
ke

ly
.  

C
ur

re
nt

ly
 th

er
e 

ar
e 

no
 re

qu
ire

m
en

ts
 

fo
r h

ow
 th

es
e 

fla
w

s 
w

ou
ld

 b
e 

ad
de

d 
to

 th
e 

te
st

 s
et

s.
  

Si
nc

e 
th

er
e 

ar
e 

a 
nu

m
be

r o
f w

ay
s 

th
at

 th
is

 c
ou

ld
 b

e 
ac

co
m

pl
is

he
d,

 it
 w

ou
ld

 b
e 

pr
ud

en
t f

or
 S

ec
tio

n 
X

I t
o 

de
ve

lo
p 

gu
id

an
ce

 o
n 

ho
w

 th
is

 s
ho

ul
d 

be
 d

on
e.

 
1.

3 
 S

iz
in

g 
Sp

ec
im

en
s.

  T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

co
nt

ai
n 

si
zi

ng
 s

pe
ci

m
en

s 
th

at
 m

ee
t 

th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

 

(a
) 

Th
e 

m
in

im
um

 n
um

be
r o

f f
la

w
s 

sh
al

l b
e 

te
n.

 F
or

 in
iti

al
 p

ro
ce

du
re

 q
ua

lif
ic

at
io

n,
 

si
zi

ng
 s

et
s 

sh
al

l i
nc

lu
de

 th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

ts
.  

To
 q

ua
lif

y 
ne

w
 v

al
ue

s 
of

 e
ss

en
tia

l v
ar

ia
bl

es
 a

t l
ea

st
 o

ne
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

t i
s 

re
qu

ire
d.

 

Th
e 

Ad
 H

oc
 T

as
k 

G
ro

up
 th

at
 d

ev
el

op
ed

 th
e 

in
iti

al
 

si
zi

ng
 s

pe
ci

m
en

 re
qu

ire
m

en
ts

 c
ho

se
 a

 m
in

im
um

 
nu

m
be

r o
f 1

0 
fla

w
s 

fo
r s

iz
in

g.
  T

hi
s 

m
in

im
um

 n
um

be
r 

is
 b

as
ed

 u
po

n 
th

e 
ne

ed
 fo

r r
ea

so
na

bl
e 

st
at

is
tic

s 
to

 
as

se
ss

 w
he

th
er

 th
e 

si
zi

ng
 p

er
fo

rm
an

ce
 is

 a
cc

ep
ta

bl
e 

or
 n

ot
.  

Th
is

 n
um

be
r o

f f
la

w
s 

is
 a

 tr
ad

eo
ff 

be
tw

ee
n 

se
ve

ra
l f

ac
to

rs
.  

As
 a

 la
rg

er
 n

um
be

r o
f f

la
w

s 
ar

e 
in

cl
ud

ed
, t

he
 e

rr
or

 a
ss

oc
ia

te
d 

w
ith

 a
cc

ur
at

el
y 

es
tim

at
in

g 
th

e 
tru

e 
si

zi
ng

 p
er

fo
rm

an
ce

 is
 re

du
ce

d.
  

H
ow

ev
er

, a
s 

th
e 

nu
m

be
r o

f f
la

w
s 

in
cr

ea
se

s,
 th

e 
co

st
s 

fo
r t

he
 d

em
on

st
ra

tio
n 

pr
oc

es
s 

al
so

 in
cr

ea
se

 (n
ee

d 
m

or
e 

sp
ec

im
en

s,
 m

or
e 

fla
w

s,
 lo

ng
er

 te
st

in
g 

du
ra

tio
n)

. 
Th

e 
re

qu
ire

m
en

t t
o 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n 
se

ts
 p

ro
vi

de
s 

a 
ro

bu
st

 
pr

oc
ed

ur
e 

an
d 

eq
ui

pm
en

t q
ua

lif
ic

at
io

n 
th

at
 s

ho
ul

d 
le

ad
 

to
 a

 h
ig

he
r p

as
s 

ra
te

 fo
r p

er
so

nn
el

 (H
ea

sl
er

 e
t a

l. 
20

00
). 
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(b

) 
Fl

aw
s 

in
 le

ng
th

 s
iz

in
g 

sa
m

pl
e 

se
ts

 s
ha

ll 
m

ee
t t

he
 re

qu
ire

m
en

ts
 o

f p
ar

a 
1.

2(
c)

(l)
, 

w
he

n 
gi

ve
n 

in
 c

on
ju

nc
tio

n 
w

ith
 a

 d
et

ec
tio

n 
te

st
.  

W
he

n 
th

e 
le

ng
th

 s
iz

in
g 

te
st

 is
 

ad
m

in
is

te
re

d 
in

de
pe

nd
en

tly
, t

he
 fl

aw
 d

ep
th

 re
qu

ire
m

en
ts

 d
o 

no
t a

pp
ly

. 

Th
is

 re
qu

ire
m

en
t i

s 
us

ed
 to

 a
dd

re
ss

 th
e 

sp
ec

ifi
c 

ca
se

 in
 w

hi
ch

 th
e 

de
te

ct
io

n 
te

st
 w

as
 p

as
se

d 
bu

t t
he

 
le

ng
th

 s
iz

in
g 

de
m

on
st

ra
tio

n 
w

as
 n

ot
 p

as
se

d 
an

d 
no

w
 

th
e 

pe
rs

on
ne

l n
ee

d 
to

 d
em

on
st

ra
te

 o
nl

y 
le

ng
th

 s
iz

in
g.

  
It 

is
 a

ls
o 

in
te

nd
ed

 to
 a

dd
re

ss
 c

as
es

 w
he

re
 le

ng
th

 
si

zi
ng

 m
ay

 e
m

pl
oy

 a
 d

iff
er

en
t t

ec
hn

iq
ue

.  
Th

e 
au

th
or

s 
do

 n
ot

 b
el

ie
ve

 th
at

 a
 d

iff
er

en
t t

ec
hn

iq
ue

 h
as

 b
ee

n 
us

ed
, b

ut
 it

 w
as

 th
ou

gh
t t

o 
be

 a
 p

os
si

bi
lit

y 
w

he
n 

th
is

 
w

as
 fi

rs
t c

on
si

de
re

d 
in

 1
98

6.
 

(c
) F

la
w

s 
in

 th
e 

de
pt

h 
si

zi
ng

 s
am

pl
e 

se
t s

ha
ll 

be
 d

is
tri

bu
te

d 
as

 fo
llo

w
s:

 
 

 
Fl

aw
 D

ep
th

 
M

in
im

um
 

 
(%

 W
al

l T
hi

ck
ne

ss
) 

Pe
rc

en
ta

ge
 o

f F
la

w
s 

 
5–

30
%

 
20

%
 

 
31

–6
0%

 
20

%
 

 
61

–1
00

%
 

20
%

 

Th
e 

Ad
 H

oc
 T

as
k 

G
ro

up
 th

at
 d

ev
el

op
ed

 th
e 

in
iti

al
 

re
qu

ire
m

en
ts

 fo
r A

pp
en

di
x 

VI
II 

un
de

rs
to

od
 a

nd
 

as
su

m
ed

 th
at

 w
ho

ev
er

 w
as

 re
sp

on
si

bl
e 

fo
r i

m
pl

em
en

t-
in

g 
th

e 
si

zi
ng

 te
st

 w
ou

ld
 d

ev
el

op
 a

 s
iz

in
g 

te
st

 s
et

 th
at

 
di

st
rib

ut
ed

 th
e 

fla
w

s 
ev

en
ly

 th
ro

ug
ho

ut
 th

e 
ra

ng
es

 
sp

ec
ifi

ed
 in

 th
e 

re
qu

ire
m

en
ts

.  
It 

is
 n

ec
es

sa
ry

 to
 

en
su

re
 th

at
 fl

aw
s 

ar
e 

so
m

ew
ha

t e
ve

nl
y 

di
st

rib
ut

ed
; 

ot
he

rw
is

e,
 th

e 
R

M
S 

er
ro

r c
rit

er
io

n 
is

 n
ot

 th
e 

be
st

 
m

et
ho

d 
fo

r e
va

lu
at

in
g 

th
e 

pe
rfo

rm
an

ce
 o

f a
 c

an
di

da
te

. 
Th

is
 ra

ng
e 

of
 s

iz
es

 is
 p

ro
vi

de
d 

to
 e

ns
ur

e 
th

at
 a

ll 
si

ze
s 

ar
e 

in
cl

ud
ed

 in
 th

e 
te

st
 s

et
 a

s 
w

el
l a

s 
to

 k
ee

p 
th

e 
de

m
on

st
ra

tio
n 

pr
oc

es
s 

bl
in

d 
so

 th
at

 th
e 

in
sp

ec
to

rs
 d

o 
no

t k
no

w
 h

ow
 m

an
y 

fla
w

s 
in

 a
 p

ar
tic

ul
ar

 s
iz

in
g 

ra
ng

e 
ar

e 
in

 th
e 

te
st

 s
et

.  
Th

is
 w

as
 in

te
nd

ed
 to

 re
du

ce
 

te
st

m
an

sh
ip

. 
Th

e 
re

m
ai

ni
ng

 fl
aw

s 
sh

al
l b

e 
in

 a
ny

 o
f t

he
 a

bo
ve

 c
at

eg
or

ie
s.

 
 

 
 

2.
0 

 C
O

N
D

U
C

T 
O

F 
PE

R
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

S 
 

W
he

n 
sc

an
ni

ng
 fr

om
 th

e 
O

.D
., 

th
e 

sp
ec

im
en

 in
si

de
 s

ur
fa

ce
 a

nd
 id

en
tif

ic
at

io
n 

sh
al

l 
be

 c
on

ce
al

ed
 fr

om
 th

e 
ca

nd
id

at
e.

  W
he

n 
sc

an
ni

ng
 fr

om
 th

e 
I.D

., 
fla

w
 lo

ca
tio

n 
an

d 
sp

ec
im

en
 id

en
tif

ic
at

io
n 

sh
al

l b
e 

ob
sc

ur
ed

 to
 m

ai
nt

ai
n 

a 
“b

lin
d 

te
st

.” 
 A

ll 
ex

am
in

at
io

ns
 

sh
al

l b
e 

co
m

pl
et

ed
 p

rio
r t

o 
gr

ad
in

g 
th

e 
re

su
lts

 a
nd

 p
re

se
nt

in
g 

th
e 

re
su

lts
 to

 th
e 

ca
nd

id
at

e.
  D

iv
ul

ge
nc

e 
of

 p
ar

tic
ul

ar
 s

pe
ci

m
en

 re
su

lts
 o

r c
an

di
da

te
 v

ie
w

in
g 

of
 u

nm
as

ke
d 

sp
ec

im
en

s 
af

te
r t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

is
 p

ro
hi

bi
te

d.
 

Th
is

 s
up

pl
em

en
t p

ro
vi

de
s 

re
qu

ire
m

en
ts

 to
 k

ee
p 

th
e 

te
st

 s
am

pl
es

 b
lin

d 
an

d 
to

 e
ns

ur
e 

th
at

 te
st

m
an

sh
ip

 
is

 n
ot

 a
 fa

ct
or

 in
 th

e 
de

m
on

st
ra

tio
n 

te
st

in
g.

 

2.
1 

D
et

ec
tio

n 
Te

st
.  

Fl
aw

ed
 a

nd
 u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 ra

nd
om

ly
 m

ix
ed

. 
Th

es
e 

re
qu

ire
m

en
ts

 h
el

p 
en

su
re

 th
at

 th
e 

te
st

 is
 

no
t b

ia
se

d 
an

d 
th

at
 a

ny
 p

ot
en

tia
l t

es
tm

an
sh

ip
 is

 
m

in
im

iz
ed

. 
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
2.

2 
 L

en
gt

h 
an

d 
D

ep
th

 S
iz

in
g 

Te
st

 
G

ui
da

nc
e 

on
 h

ow
 to

 a
dm

in
is

te
r t

he
 p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
te

st
s.

 
(a

) E
ac

h 
re

po
rte

d 
fla

w
 in

 th
e 

de
te

ct
io

n 
te

st
 s

ha
ll 

be
 le

ng
th

 s
iz

ed
.  

W
he

n 
on

ly
 le

ng
th

 
si

zi
ng

 is
 b

ei
ng

 te
st

ed
, t

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

m
ay

 b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

le
ng

th
 o

f t
he

 fl
aw

 in
 e

ac
h 

re
gi

on
. 

Le
ng

th
 s

iz
in

g 
is

 p
er

fo
rm

ed
 a

s 
pa

rt 
of

 th
e 

de
te

ct
io

n 
te

st
in

g 
an

d 
al

l d
et

ec
te

d 
fla

w
s 

ar
e 

le
ng

th
 s

iz
ed

 w
ith

 th
e 

fla
w

 lo
ca

tio
n 

un
kn

ow
n 

to
 th

e 
ca

nd
id

at
e 

(b
lin

d 
te

st
). 

(b
) T

he
 d

ep
th

 s
iz

in
g 

te
st

 m
ay

 b
e 

pe
rfo

rm
ed

 in
 c

on
ju

nc
tio

n 
w

ith
 o

r s
ep

ar
at

e 
fro

m
 th

e 
de

te
ct

io
n 

te
st

.  
W

he
n 

on
ly

 d
ep

th
 s

iz
in

g 
is

 b
ei

ng
 te

st
ed

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 
co

nt
ai

ni
ng

 a
 fl

aw
 to

 b
e 

si
ze

d 
m

ay
 b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
m

ax
im

um
 d

ep
th

 o
f t

he
 fl

aw
 in

 e
ac

h 
re

gi
on

. 

D
ep

th
 s

iz
in

g 
is

 p
er

fo
rm

ed
 s

ep
ar

at
el

y 
fro

m
 

de
te

ct
io

n 
te

st
in

g 
be

ca
us

e 
th

e 
re

qu
ire

m
en

ts
 fo

r f
la

w
s 

of
 

pa
rti

cu
la

r s
iz

es
 a

re
 d

iff
er

en
t f

or
 th

e 
tw

o 
te

st
 s

et
s 

an
d 

di
ffe

re
nt

 te
ch

ni
qu

es
 a

re
 u

se
d.

  F
la

w
s 

m
ay

 b
e 

pr
es

en
te

d 
in

 a
 re

gi
on

 w
hi

ch
 is

 re
ve

al
ed

 to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 m

us
t l

oc
at

e 
an

d 
m

ea
su

re
 

th
e 

de
ep

es
t p

or
tio

n 
of

 th
e 

fla
w

. 
Th

e 
C

od
e 

di
d 

no
t s

pe
ci

fy
 th

e 
fla

w
 o

rie
nt

at
io

n 
fo

r 
de

pt
h 

si
zi

ng
, b

ut
 o

nl
y 

ci
rc

um
fe

re
nt

ia
l f

la
w

s 
sh

ou
ld

 b
e 

us
ed

 b
ec

au
se

 th
es

e 
fla

w
s 

ar
e 

m
or

e 
im

po
rta

nt
 

st
ru

ct
ur

al
ly

 to
 c

om
po

ne
nt

 in
te

gr
ity

 a
nd

 fu
nc

tio
n.
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 

 

Th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

de
te

ct
io

n 
pr

oc
es

s 
de

sc
rib

ed
 in

 th
is

 s
up

pl
em

en
t a

ct
ua

lly
 c

on
si

st
s 

of
 tw

o 
se

pa
ra

te
 te

st
s—

a 
te

st
 th

at
 m

ea
su

re
s 

de
te

ct
io

n 
ca

pa
-

bi
lit

y 
an

d 
a 

te
st

 th
at

 m
ea

su
re

s 
fa

ls
e 

ca
ll 

pr
ob

ab
ilit

y.
  

Th
e 

nu
m

be
r o

f s
pe

ci
m

en
s 

de
sc

rib
ed

 in
 th

e 
se

ct
io

ns
 fo

r d
et

ec
tio

n 
an

d 
si

zi
ng

 d
o 

no
t p

er
m

it 
a 

bi
no

m
ia

l c
rit

er
io

n 
to

 b
e 

sp
ec

ifi
ed

 (e
.g

., 
a 

PO
D

 o
f 9

0%
 

w
ith

 a
 9

0%
 c

on
fid

en
ce

 le
ve

l).
  I

ns
te

ad
, t

he
 a

cc
ep

ta
nc

e 
cr

ite
ria

 in
 th

e 
ta

bl
e 

w
er

e 
cr

ea
te

d 
to

 s
cr

ee
n 

th
e 

in
sp

ec
to

rs
 to

 e
ns

ur
e 

th
at

 th
e 

in
sp

ec
to

r p
op

ul
at

io
n 

th
at

 
pa

ss
ed

 h
ad

 th
e 

de
si

re
d 

pe
rfo

rm
an

ce
.  

Th
e 

ta
bl

es
 w

er
e 

ba
se

d 
on

 ro
un

d-
ro

bi
n 

da
ta

 fo
r t

he
 p

re
vi

ou
s 

di
st

rib
ut

io
n 

of
 p

er
fo

rm
an

ce
 c

ap
ab

ilit
y.

  T
he

 d
es

ig
n 

w
as

 b
as

ed
 o

n 
cr

ite
ria

 th
at

 if
 th

e 
in

he
re

nt
 c

ap
ab

ilit
ie

s 
of

 p
er

so
nn

el
, 

eq
ui

pm
en

t, 
an

d 
pr

oc
ed

ur
e 

w
er

e 
at

 le
as

t 8
0%

 P
O

D
 a

nd
 

a 
FC

P 
le

ss
 th

an
 2

0%
, t

he
n 

th
ey

 w
ou

ld
 h

av
e 

a 
hi

gh
 

pr
ob

ab
ilit

y 
of

 p
as

si
ng

 th
e 

sc
re

en
in

g 
te

st
.  

H
ow

ev
er

, i
f 

th
ey

 h
ad

 a
 P

O
D

 le
ss

 th
an

 5
0%

 a
nd

 a
 F

C
P 

gr
ea

te
r 

th
an

 2
0%

, t
he

n 
th

ey
 s

ho
ul

d 
ha

ve
 le

ss
 th

an
 a

 3
%

 
ch

an
ce

 o
f p

as
si

ng
 th

e 
te

st
.  

A 
ta

bl
e 

is
 u

se
d 

to
 p

ro
vi

de
 

a 
ra

ng
e 

of
 te

st
s 

so
 th

at
 th

e 
in

sp
ec

to
r t

ak
in

g 
th

e 
te

st
 

do
es

 n
ot

 k
no

w
 h

ow
 m

an
y 

fla
w

s 
ar

e 
in

 th
ei

r t
es

t s
et

 o
r 

ho
w

 m
an

y 
bl

an
k 

gr
ad

in
g 

un
its

.  
Th

is
 h

as
 b

ee
n 

di
sc

us
se

d 
in

 S
ec

tio
n 

1.
2 

of
 th

is
 re

po
rt,

 a
nd

 m
or

e 
te

ch
ni

ca
l d

et
ai

ls
 c

an
 b

e 
fo

un
d 

in
 N

U
R

EG
/C

R
-4

46
4 

(H
ea

sl
er

 e
t a

l. 
19

86
). 

Th
e 

Ad
 H

oc
 T

as
k 

G
ro

up
 th

at
 d

ev
el

op
ed

 th
e 

in
iti

al
 

cr
ite

ria
 h

ad
 to

 b
al

an
ce

 fa
ct

or
s 

su
ch

 a
s 

el
im

in
at

in
g 

po
or

 
pe

rfo
rm

an
ce

 w
hi

le
 n

ot
 p

en
al

iz
in

g 
go

od
 p

er
fo

rm
an

ce
.  

Th
e 

fo
llo

w
in

g 
co

ns
id

er
at

io
ns

 w
er

e 
us

ed
 to

 d
ev

el
op

 th
e 

cr
ite

ria
: 
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at
io

na
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 fo
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eq
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m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
 

• 
N

U
R

EG
/C

R
–3

86
9 

(S
im

on
en

 a
nd

 W
oo

 1
98

4)
 

co
nc

lu
de

d 
th

at
 “F

or
 th

e 
PN

L 
ro

un
d 

ro
bi

n 
st

ud
y,

 th
e 

im
pr

ov
em

en
t a

s 
m

ea
su

re
d 

by
 re

du
ct

io
n 

in
 le

ak
 

pr
ob

ab
ilit

y 
fro

m
 th

e 
“g

oo
d”

 te
am

 to
 th

e 
“a

dv
an

ce
d”

 
te

am
 is

 le
ss

 th
an

 th
at

 fr
om

 th
e 

“p
oo

r”
 te

am
 to

 th
e 

“g
oo

d”
 te

am
.  

Th
is

 e
lim

in
at

io
n 

of
 “p

oo
r”

 te
am

s 
th

ro
ug

h 
tra

in
in

g 
an

d 
qu

al
ifi

ca
tio

n 
te

st
in

g 
ca

n 
pr

od
uc

e 
si

gn
ifi

ca
nt

 b
en

ef
its

 to
 IS

I e
ffe

ct
iv

en
es

s.
”  

N
U

R
EG

/C
R

-3
86

9 
de

fin
es

 “p
oo

r,”
 “g

oo
d,

” a
nd

 
“a

dv
an

ce
d”

 te
am

s 
as

 fo
llo

w
s:

 
 

– 
Po

or
 te

am
 –

 T
hi

s 
re

pr
es

en
ts

 a
 lo

w
er

 b
ou

nd
 o

n 
pe

rfo
rm

an
ce

 a
m

on
g 

te
am

s 
th

at
 p

ar
tic

ip
at

ed
 in

 
th

e 
PN

N
L 

P
ip

in
g 

In
sp

ec
tio

n 
R

ou
nd

 R
ob

in
 

(P
IR

R
) t

es
t. 

 T
he

se
 te

am
s 

fo
llo

w
ed

 A
SM

E 
m

in
im

um
 C

od
e 

re
qu

ire
m

en
ts

 th
at

 w
er

e 
be

in
g 

us
ed

 a
t t

he
 ti

m
e 

of
 th

e 
ro

un
d-

ro
bi

n 
te

st
s 

(e
.g

., 
th

e 
19

77
 E

di
tio

n 
in

cl
ud

in
g 

th
e 

19
78

 A
dd

en
da

 
of

 S
ec

tio
n 

X
I).

 
– 

G
oo

d 
te

am
s 

– 
Th

es
e 

te
am

s 
re

pr
es

en
t t

he
 

be
tte

r t
ea

m
s’

 p
er

fo
rm

an
ce

 in
 th

e 
PN

N
L 

PI
R

R
 

ro
un

d 
ro

bi
n.

 
– 

Ad
va

nc
ed

 te
am

s 
– 

Th
es

e 
te

am
s 

re
pr

es
en

t 
hy

po
th

et
ic

al
 p

er
fo

rm
an

ce
 th

at
 w

as
 th

ou
gh

t t
o 

be
 a

ch
ie

va
bl

e 
w

ith
 im

pr
ov

em
en

ts
 to

 e
xi

st
in

g 
te

ch
no

lo
gy

 (t
ec

hn
ol

og
y 

ci
rc

a 
19

85
). 

 It
 

as
su

m
es

 a
 0

.9
99

 fl
aw

 d
et

ec
tio

n 
pr

ob
ab

ilit
y 

fo
r 

a 
th

ro
ug

h-
w

al
l f

la
w

 a
nd

 a
 P

O
D

 o
f a

pp
ro

xi
-

m
at

el
y 

90
%

 fo
r f

la
w

s 
w

ith
 a

 d
ep

th
 o

f 1
0%

 
th

ro
ug

h-
w

al
l. 
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to
 R

ef
er
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ab
le

 D
oc

um
en

ta
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• 
Th

e 
co

ns
id

er
at

io
n 

of
 th

e 
N

R
C

/E
PR

I/B
W

R
O

G
 

co
or

di
na

tio
n 

pl
an

 (s
ee

 S
ec

tio
n 

2.
1)

 in
 p

la
ce

 a
t t

he
 

tim
e.

 
• 

Th
e 

co
ns

id
er

at
io

n 
am

on
g 

m
em

be
rs

 o
f t

he
 A

d 
H

oc
 

Ta
sk

 G
ro

up
 th

at
 a

 te
st

 th
at

 w
as

 “t
oo

” d
iff

ic
ul

t w
ou

ld
 

im
pa

ir 
th

e 
ab

ilit
y 

of
 in

du
st

ry
 to

 p
er

fo
rm

 IS
I b

ec
au

se
 

th
er

e 
w

ou
ld

 b
e 

a 
la

ck
 o

f i
ns

pe
ct

or
s.

 
 

 
3.

0 
 A

C
C

EP
TA

N
C

E 
C

R
IT

ER
IA

 
 

3.
1 

 D
et

ec
tio

n 
A

cc
ep

ta
nc

e 
C

rit
er

ia
 

 
(a

) P
er

so
nn

el
 d

em
on

st
ra

tio
n 

sh
al

l m
ee

t t
he

 re
qu

ire
m

en
ts

 o
f T

ab
le

 V
III

-S
2-

1 
fo

r b
ot

h 
de

te
ct

io
n 

an
d 

fa
ls

e 
ca

lls
.  

If 
th

e 
pr

oc
ed

ur
e 

is
 in

te
nd

ed
 to

 d
et

ec
t I

G
SC

C
, f

ai
lu

re
 to

 d
et

ec
t 

m
or

e 
th

an
 o

ne
 o

f t
he

 IG
SC

C
 fl

aw
s 

is
 u

na
cc

ep
ta

bl
e 

fo
r p

er
so

nn
el

 q
ua

lif
ic

at
io

n.
 

Th
e 

te
st

 s
et

 m
us

t i
nc

lu
de

 v
ar

ie
d 

po
te

nt
ia

l 
de

gr
ad

at
io

n 
pr

oc
es

se
s 

th
at

 m
ay

 o
cc

ur
 in

 w
ro

ug
ht

 
au

st
en

iti
c 

pi
pi

ng
 w

el
ds

.  
Th

is
 le

ad
s 

to
 th

e 
ne

ed
 to

 
de

fin
e 

th
e 

ty
pe

s 
an

d 
nu

m
be

r o
f e

ac
h 

fla
w

 ty
pe

 to
 b

e 
in

cl
ud

ed
 a

s 
w

el
l a

s 
an

y 
co

ns
tra

in
ts

 o
n 

pa
ss

/fa
il 

cr
ite

rio
n.

  T
he

 P
D

I h
as

 d
ev

el
op

ed
 a

 p
ro

ce
ss

 fo
r d

oi
ng

 
th

is
.  

Th
e 

ba
si

c 
pi

pi
ng

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
te

st
 

in
cl

ud
es

 fa
tig

ue
 fl

aw
s.

  I
f a

n 
IG

SC
C

 e
nd

or
se

m
en

t i
s 

so
ug

ht
, t

he
n 

th
e 

te
st

 s
et

 in
cl

ud
es

 IG
SC

C
 fl

aw
s 

an
d 

at
 

le
as

t f
ou

r o
f t

he
 fl

aw
s 

w
ou

ld
 n

ee
d 

to
 b

e 
IG

SC
C

.  
If 

th
e 

be
st

-e
ffo

rt 
si

ng
le

-s
id

e 
en

do
rs

em
en

t i
s 

al
so

 s
ou

gh
t, 

th
en

 a
t l

ea
st

 fo
ur

 o
f t

he
 fl

aw
s 

w
ou

ld
 b

e 
on

 th
e 

fa
r s

id
e 

of
 th

e 
w

el
d 

w
ith

 a
t l

ea
st

 o
ne

 o
f t

he
m

 b
ei

ng
 IG

SC
C

.  
Fo

r a
n 

8-
ou

t-o
f-1

0 
te

st
 fo

r I
G

SC
C

 a
nd

 s
in

gl
e-

si
de

 
en

do
rs

em
en

t, 
a 

to
ta

l o
f t

w
o 

fla
w

s 
co

ul
d 

be
 m

is
se

d 
an

d 
on

ly
 o

ne
 o

f t
he

m
 c

ou
ld

 b
e 

IG
SC

C
 o

r a
 fa

r-
si

de
 fl

aw
. 

(b
) P

ro
ce

du
re

 q
ua

lif
ic

at
io

n 
sh

al
l d

em
on

st
ra

te
 d

et
ec

ta
bi

lit
y 

of
 e

ac
h 

fla
w

 w
ith

in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e.

  S
uc

ce
ss

fu
l p

er
so

nn
el

 d
em

on
st

ra
tio

ns
 m

ay
 b

e 
co

m
bi

ne
d 

to
 

sa
tis

fy
 th

e 
re

qu
ire

m
en

ts
 fo

r p
ro

ce
du

re
 q

ua
lif

ic
at

io
n.

 

R
em

em
be

r t
ha

t t
he

 p
ro

ce
du

re
 q

ua
lif

ic
at

io
n 

re
qu

ire
s 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 d
em

on
st

ra
-

tio
ns

 w
ith

 a
ll 

th
e 

fla
w

s 
be

in
g 

de
te

ct
ed

.  
If 

th
e 

de
si

gn
 

in
vo

lv
es

 a
 1

0-
fla

w
 te

st
 s

et
, t

he
n 

al
l 3

0 
fla

w
s 

m
us

t b
e 

de
te

ct
ed

 in
 b

lin
d 

te
st

in
g 

fo
r t

he
 p

ro
ce

du
re

 to
 b

e 
qu

al
ifi

ed
.  

E
ac

h 
fla

w
 m

us
t b

e 
de

te
ct

ed
 a

cc
or

di
ng

 to
 th

e 
cr

ite
ria

 o
f t

he
 p

ro
ce

du
re

. 
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3.

2 
 S

iz
in

g 
A

cc
ep

ta
nc

e 
C

rit
er

ia
.  

Ex
am

in
at

io
n 

pr
oc

ed
ur

es
, e

qu
ip

m
en

t, 
an

d 
pe

rs
on

ne
l a

re
 q

ua
lif

ie
d 

fo
r s

iz
in

g 
if 

th
e 

re
su

lts
 o

f t
he

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
sa

tis
fy

 
th

e 
fo

llo
w

in
g 

cr
ite

ria
: 

Si
nc

e 
ca

nd
id

at
es

 a
re

 g
oi

ng
 to

 b
e 

pa
ss

ed
 o

r f
ai

le
d 

ba
se

d 
on

 th
ei

r t
es

t r
es

ul
ts

, i
t i

s 
ne

ce
ss

ar
y 

to
 k

no
w

 th
e 

fla
w

 d
im

en
si

on
s 

an
d 

lo
ca

tio
ns

 w
ith

 m
in

im
um

 
un

ce
rta

in
ty

.  
In

 s
om

e 
ca

se
s,

 th
e 

tru
e 

st
at

e 
of

 th
e 

fla
w

s 
ca

n 
be

 c
on

tro
lle

d 
by

 p
hy

si
ca

l m
ea

su
re

m
en

ts
 d

ur
in

g 
th

e 
im

pl
an

tin
g 

pr
oc

es
se

s 
an

d/
or

 b
y 

ex
te

ns
iv

e 
N

D
E

 
m

ea
su

re
m

en
ts

 to
 v

er
ify

 lo
ca

tio
n 

an
d 

di
m

en
si

on
s.

 
(a

) T
he

 R
M

S 
er

ro
r o

f t
he

 fl
aw

 le
ng

th
s 

es
tim

at
ed

 b
y 

ul
tra

so
ni

cs
, a

s 
co

m
pa

re
d 

w
ith

 th
e 

tru
e 

le
ng

th
s,

 s
ha

ll 
no

t e
xc

ee
d 

0.
75

 in
. (

19
 m

m
); 

O
rig

in
al

ly
 th

is
 w

as
 a

 re
qu

ire
m

en
t o

f 1
 in

. 
(2

5.
4 

m
m

) o
n 

th
e 

m
ax

im
um

 o
ve

r-
 a

nd
 u

nd
er

-s
iz

in
g 

er
ro

r t
ha

t t
he

 in
sp

ec
to

r n
ee

de
d 

to
 m

ee
t. 

 U
nd

er
 id

ea
l 

co
nd

iti
on

s,
 th

e 
1 

in
. (

25
.4

 m
m

) c
rit

er
io

n 
is

 re
as

on
ab

le
 

an
d 

th
at

 w
as

 th
e 

on
ly

 b
as

is
 fo

r i
ts

 in
cl

us
io

n.
  I

ni
tia

l 
de

m
on

st
ra

tio
ns

 in
di

ca
te

d 
th

at
 th

e 
1 

in
. (

25
.4

 m
m

) 
cr

ite
ria

 w
as

 v
er

y 
di

ffi
cu

lt 
to

 m
ee

t w
he

n 
fa

ce
d 

w
ith

 lo
w

 
am

pl
itu

de
 re

sp
on

se
s 

an
d 

fla
w

s 
w

ith
 o

ve
rla

pp
in

g 
or

 
in

te
rfe

rin
g 

ge
om

et
ric

al
 re

sp
on

se
s.

  T
he

 C
od

e 
w

as
 

as
ke

d 
to

 re
vi

se
 th

e 
re

qu
ire

m
en

t b
as

ed
 o

n 
th

e 
sm

al
l 

in
flu

en
ce

 o
f f

la
w

 le
ng

th
 o

n 
pi

pi
ng

 in
te

gr
ity

 a
nd

 th
e 

ju
dg

m
en

t t
ha

t 0
.7

5 
in

. (
19

 m
m

) R
M

S 
cr

ite
rio

n 
w

er
e 

su
ffi

ci
en

t t
o 

de
te

rm
in

e 
ad

eq
ua

te
 le

ng
th

 s
iz

in
g 

ca
pa

bi
lit

y.
  T

he
 R

M
SE

 c
rit

er
io

n 
of

 0
.7

5 
in

. (
19

 m
m

) 
w

as
 b

as
ed

 u
po

n 
an

 a
na

ly
si

s 
of

 P
D

I t
es

t d
at

a 
th

at
 w

as
 

pr
es

en
te

d 
to

 th
e 

A
SM

E 
C

od
e 

bu
t n

ot
 fo

rm
al

ly
 

pu
bl

is
he

d.
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(b

) T
he

 R
M

S 
er

ro
r o

f t
he

 fl
aw

 d
ep

th
s 

es
tim

at
ed

 b
y 

ul
tra

so
ni

cs
, a

s 
co

m
pa

re
d 

w
ith

 th
e 

tru
e 

de
pt

hs
, s

ha
ll 

no
t e

xc
ee

d 
0.

12
5 

in
. (

3 
m

m
). 

 
Th

e 
or

ig
in

al
 a

cc
ep

ta
nc

e 
cr

ite
ria

 w
er

e 
de

sc
rib

ed
 b

y 
th

e 
fo

llo
w

in
g 

pa
ra

m
et

er
s:

 
• 

sl
op

e 
of

 th
e 

lin
ea

r r
eg

re
ss

io
n 

lin
e 

> 
0.

6 
• 

co
rr

el
at

io
n 

co
ef

fic
ie

nt
 h

ad
 to

 b
e 

> 
0.

7 
• 

m
ea

n 
of

 th
e 

de
vi

at
io

n 
< 

20
%

  
• 

no
 fl

aw
 u

nd
er

si
ze

d 
by

 0
.2

 in
. (

5.
1 

m
m

) o
r 2

5%
 o

f 
th

e 
pi

pe
 w

al
l t

hi
ck

ne
ss

. 
Th

e 
in

iti
al

 IG
S

C
C

 s
iz

in
g 

te
st

 h
ad

 n
o 

ac
ce

pt
an

ce
 

cr
ite

ria
.  

Af
te

r a
pp

ro
xi

m
at

el
y 

30
 c

an
di

da
te

s 
to

ok
 th

e 
te

st
, t

he
 re

su
lts

 w
er

e 
an

al
yz

ed
 u

si
ng

 v
ar

io
us

 s
ta

tis
tic

al
 

to
ol

s.
  T

he
 d

ec
is

io
n 

w
as

 b
as

ed
 a

t l
ea

st
 in

 p
ar

t t
ha

t a
 

re
as

on
ab

le
 n

um
be

r o
f c

an
di

da
te

s 
w

ou
ld

 b
e 

ab
le

 to
 

pa
ss

 th
e 

cr
ite

ria
.  

A
ll 

of
 th

e 
te

st
in

g 
w

as
 p

er
fo

rm
ed

 o
n 

0.
8 

in
. (

20
 m

m
) t

hi
ck

 s
ta

in
le

ss
 s

te
el

 p
ip

in
g.

 
Af

te
r a

 s
ig

ni
fic

an
t a

m
ou

nt
 o

f d
at

a 
w

as
 c

ol
le

ct
ed

, a
 

st
at

is
tic

ia
n 

sh
ow

ed
 th

at
 th

e 
pa

ss
 ra

te
 w

ou
ld

 b
e 

th
e 

sa
m

e 
(e

xc
ep

t f
or

 th
e 

un
de

rs
iz

in
g 

cr
ite

ria
) w

he
n 

us
in

g 
th

e 
m

ul
tip

le
 p

ar
am

et
er

s 
as

 w
he

n 
us

in
g 

th
e 

si
ng

le
 R

M
S

 
er

ro
r v

al
ue

 o
f 0

.1
25

 in
. (

3 
m

m
). 

 T
hi

s 
an

al
ys

is
 w

as
 

pr
es

en
te

d 
to

 th
e 

A
SM

E 
C

od
e 

gr
ou

ps
 b

ut
 it

 w
as

 n
ot

 
fo

rm
al

ly
 d

oc
um

en
te

d 
an

d 
pu

bl
is

he
d.

  T
hi

s 
si

ng
le

 
pa

ra
m

et
er

 is
 e

as
ie

r t
o 

im
pl

em
en

t a
nd

 p
ro

vi
de

s 
an

 
ef

fe
ct

iv
e 

m
ea

su
re

 o
f t

he
 s

iz
in

g 
er

ro
r. 

 T
he

 in
cl

us
io

n 
of

 
a 

cr
iti

ca
l m

is
s-

ca
ll 

cr
ite

rio
n 

re
su

lts
 in

 c
on

si
st

en
t o

ve
r-

si
zi

ng
 b

ia
s 

by
 c

an
di

da
te

s.
  T

he
 R

M
S 

er
ro

r i
s 

a 
be

tte
r 

pr
ed

ic
to

r o
f f

ie
ld

 p
er

fo
rm

an
ce

. 
Th

e 
0.

12
5 

in
. (

3 
m

m
) r

eq
ui

re
m

en
t i

s 
no

w
 a

pp
lie

d 
to

 fe
rr

iti
c 

pi
pi

ng
 u

p 
to

 8
 in

. (
20

3 
m

m
) i

n 
th

ic
kn

es
s 

an
d 

au
st

en
iti

c 
pi

pi
ng

 u
p 

to
 3

 in
. (

76
 m

m
) i

n 
th

ic
kn

es
s 

w
he

n 
ex

am
in

in
g 

fro
m

 th
e 

ou
ts

id
e 

su
rfa

ce
.  

Th
is

 re
qu

ire
m

en
t 

is
 a

ls
o 

ap
pl

ie
d 

to
 p

ip
e 

w
al

l t
hi

ck
ne

ss
es

 o
f 4

 in
. 

(1
01

.6
 m

m
) w

he
n 

ex
am

in
in

g 
au

st
en

iti
c 

m
at

er
ia

l f
ro

m
 

th
e 

in
si

de
 s

ur
fa

ce
. 



  

 3-32  

3.
2.

3 
SU

PP
LE

M
EN

T 
3 

—
 Q

U
A

LI
FI

C
A

TI
O

N
 R

EQ
U

IR
EM

EN
TS

 F
O

R
 F

ER
R
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SU
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N
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U
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O
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IT
IC
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IP

IN
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
Q

ua
lif

ic
at

io
n 

of
 e

xa
m

in
at

io
n 

pr
oc

ed
ur

es
, e

qu
ip

m
en

t, 
an

d 
pe

rs
on

ne
l f

or
 fe

rr
iti

c 
pi

pe
 

ex
am

in
at

io
n 

sh
al

l b
e 

ac
co

m
pl

is
he

d 
by

 s
at

is
fy

in
g 

th
e 

re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 2
, 

ex
ce

pt
 th

at
 th

e 
sa

m
pl

e 
m

at
er

ia
l s

ha
ll 

be
 fe

rr
iti

c 
an

d 
75

%
 o

f t
he

 s
am

pl
e 

se
t d

ef
ec

ts
 s

ha
ll 

be
 m

ec
ha

ni
ca

lly
 o

r t
he

rm
al

ly
 in

du
ce

d 
fa

tig
ue

 c
ra

ck
s.

  I
n 

ad
di

tio
n,

 th
e 

se
t s

ha
ll 

in
cl

ud
e 

pi
pe

 s
pe

ci
m

en
s 

no
t t

hi
ck

er
 th

an
 0

.1
 in

. (
2.

5 
m

m
) m

or
e 

th
an

 th
e 

m
in

im
um

 th
ic

kn
es

s,
 n

or
 

th
in

ne
r t

ha
n 

1.
0 

in
. (

25
 m

m
) l

es
s 

th
an

 th
e 

m
ax

im
um

 th
ic

kn
es

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 a

pp
lic

ab
le

. 

O
rig

in
al

ly
, t

hi
s 

se
t o

f r
eq

ui
re

m
en

ts
 w

as
 b

as
ed

 o
n 

th
e 

ex
pe

rie
nc

e 
fro

m
 th

e 
ro

un
d-

ro
bi

n 
st

ud
ie

s 
(N

U
R

EG
/C

R
-5

06
8,

 H
ea

sl
er

 a
nd

 D
oc

to
r 1

99
6)

, w
hi

ch
 

sh
ow

ed
 th

at
 fe

rr
iti

c 
st

ee
l i

s 
m

uc
h 

ea
si

er
 to

 in
sp

ec
t t

ha
n 

au
st

en
iti

c 
st

ai
nl

es
s 

st
ee

l, 
as

 w
el

l a
s 

st
at

is
tic

al
 th

eo
ry

 
th

at
 s

ta
te

s 
if 

on
e 

is
 c

er
ta

in
 th

at
 o

ne
 te

st
 is

 m
or

e 
di

ffi
cu

lt 
th

an
 a

no
th

er
, o

ne
 m

ay
 d

em
on

st
ra

te
 th

e 
eq

ui
va

le
nt

 
ca

pa
bi

lit
y 

on
 th

e 
ea

si
er

 te
st

 w
ith

 fe
w

er
 n

um
be

rs
 o

f 
sa

m
pl

es
.  

Th
is

 s
ec

tio
n 

of
 th

e 
su

pp
le

m
en

t a
ss

um
es

 th
at

 
th

e 
sa

m
e 

in
sp

ec
tio

n 
pr

oc
ed

ur
e 

w
ill 

be
 u

se
d 

fo
r f

er
rit

ic
 

pi
pi

ng
 a

s 
fo

r a
us

te
ni

tic
 p

ip
in

g.
  T

he
 o

rig
in

al
 c

rit
er

io
n 

st
at

ed
 th

at
 if

 a
n 

in
sp

ec
to

r h
ad

 s
uc

ce
ss

fu
lly

 p
as

se
d 

th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

fo
r a

us
te

ni
tic

 p
ip

in
g,

 th
en

 
th

e 
ca

nd
id

at
e 

ne
ed

ed
 to

 d
et

ec
t 3

 o
ut

 o
f 3

 a
dd

iti
on

al
 

fe
rr

iti
c 

sp
ec

im
en

s 
w

ith
 n

o 
fa

ls
e 

ca
lls

. 
N

ow
 th

e 
cr

ite
rio

n 
ha

s 
ch

an
ge

d 
so

 th
at

 th
e 

sa
m

e 
re

qu
ire

m
en

ts
 fo

r f
er

rit
ic

 p
ip

in
g 

w
el

ds
 a

re
 to

 b
e 

m
et

 a
s 

th
at

 fo
r t

he
 S

up
pl

em
en

t 2
 a

us
te

ni
tic

 p
ip

in
g 

w
el

ds
.  

H
ow

ev
er

, i
f t

he
 in

te
nt

 is
 to

 d
em

on
st

ra
te

 b
ot

h 
Su

pp
le

m
en

ts
 2

 a
nd

 3
, t

he
n 

th
e 

re
qu

ire
m

en
ts

 a
re

 a
s 

de
fin

ed
 in

 S
up

pl
em

en
t 1

2.
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O
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E 
C
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M
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R
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C
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O
F 

R
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C
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R
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SE
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

1.
0 

 S
C

O
PE

 
 

Th
is

 S
up

pl
em

en
t a

pp
lie

s 
to

 th
e 

in
ne

r 1
5%

 o
f t

he
 c

la
d 

fe
rr

iti
c 

re
ac

to
r v

es
se

l. 
 It

 m
ay

 
al

so
 b

e 
ap

pl
ie

d 
to

 th
e 

in
ne

r 1
5%

 o
f t

he
 u

nc
la

d 
fe

rr
iti

c 
re

ac
to

r v
es

se
l i

n 
ac

co
rd

an
ce

 w
ith

 
Ta

bl
e 

VI
II-

S6
-1

, N
ot

e 
1.

 

 

 
 

2.
0 

 S
PE

C
IM

EN
 R

EQ
U

IR
EM

EN
TS

 
 

Th
e 

qu
al

ifi
ca

tio
n 

te
st

 s
pe

ci
m

en
s 

sh
al

l p
ro

vi
de

 fu
ll 

an
d 

un
re

st
ric

te
d 

ac
ce

ss
 to

 th
e 

ex
am

in
at

io
n 

vo
lu

m
e 

to
 p

er
m

it 
sc

an
ni

ng
 in

 tw
o 

di
re

ct
io

ns
 p

ar
al

le
l a

nd
 tw

o 
di

re
ct

io
ns

 
pe

rp
en

di
cu

la
r t

o 
th

e 
w

el
d.

  T
he

 s
am

e 
sp

ec
im

en
s 

m
ay

 b
e 

us
ed

 to
 d

em
on

st
ra

te
 s

in
gl

e-
si

de
 a

cc
es

s 
co

nd
iti

on
s.

 

Fl
aw

s 
in

 th
e 

in
ne

r s
ur

fa
ce

 v
ol

um
e 

ar
e 

th
e 

m
os

t 
im

po
rta

nt
 fl

aw
s 

to
 th

e 
st

ru
ct

ur
al

 in
te

gr
ity

 o
f t

he
 re

ac
to

r 
pr

es
su

re
 v

es
se

l a
nd

, a
s 

a 
re

su
lt,

 th
ey

 a
re

 h
ig

hl
ig

ht
ed

 
w

ith
 a

 s
up

pl
em

en
t d

ea
lin

g 
sp

ec
ifi

ca
lly

 w
ith

 th
is

 v
ol

um
e.

 
2.

1 
 D

et
ec

tio
n 

Sp
ec

im
en

s.
  D

et
ec

tio
n 

sp
ec

im
en

s,
 w

hi
ch

 m
ay

 b
e 

fu
ll-

sc
al

e 
m

oc
k-

up
s,

 s
ha

ll 
co

nf
or

m
 to

 th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

It 
is

 p
re

fe
ra

bl
e 

to
 u

se
 fu

ll-
sc

al
e 

m
oc

ku
ps

 to
 p

ro
vi

de
 

m
at

er
ia

ls
 a

nd
 c

on
di

tio
ns

 re
pr

es
en

ta
tiv

e 
of

 th
os

e 
fo

un
d 

in
 o

pe
ra

tin
g 

nu
cl

ea
r p

ow
er

 p
la

nt
s.

  M
at

er
ia

l f
ro

m
 

ca
nc

el
le

d 
nu

cl
ea

r p
ow

er
 p

la
nt

s 
w

as
 c

on
si

de
re

d 
on

e 
av

ai
la

bl
e 

so
ur

ce
.  

R
ep

re
se

nt
at

iv
e 

m
oc

ku
ps

 w
ou

ld
 b

e 
re

qu
ire

d 
fo

r B
W

R
 v

es
se

ls
 a

nd
 o

th
er

 m
oc

ku
ps

 fo
r P

W
R

 
ve

ss
el

s.
  V

es
se

l c
la

dd
in

g 
pr

oc
es

se
s 

ch
an

ge
d 

su
bs

ta
nt

ia
lly

 d
ur

in
g 

th
e 

19
60

s 
th

ro
ug

h 
19

80
s,

 m
ak

in
g 

re
pr

es
en

ta
tiv

e 
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nd
iti
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s 

an
 im

po
rta

nt
 v
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bl
e 

th
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m

us
t b

e 
ve

rif
ie

d 
du
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g 
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I t

o 
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nf
irm

 s
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ila
rit

y 
to

 th
e 

m
oc

ku
ps

 u
se

d 
fo

r p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n.
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) S

pe
ci

m
en

s 
sh

al
l h
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e 

su
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ci
en

t v
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e 
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 m

in
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iz
e 
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io
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ct
io

ns
.  
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im
en

 le
ng
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 a

nd
 w

id
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 s
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t l
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 1
2 
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. (

30
0 

m
m

). 
 T

he
re

 s
ha

ll 
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 a
t l

ea
st

 1
0 

sq
 ft

 (1
 s

q.
 m

) o
f c
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d 

su
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ce
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e 
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ec

im
en

 s
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. 
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e 
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im
en

s 
m

us
t b
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e 
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 th
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 s
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 th
e 

sp
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im
en

s 
do

 n
ot
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e 
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m
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ra
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r a
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s.
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) S
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m
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 T
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ne

ss
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at
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e 
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s 
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e 
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n 
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 b
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rfo
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m
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e 
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D
. (

cl
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l b
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m
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 m
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er

 is
 le
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 d
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 c
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he

 O
.D
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 c
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to
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n 

(2
) W

he
n 

th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
re

qu
ire

s 
th

e 
ex

am
in

at
io

n 
to

 b
e 

pe
rfo

rm
ed

 
fro

m
 th

e 
ve

ss
el

 O
.D

. s
ur

fa
ce

, t
he

 s
pe

ci
m

en
 s

ha
ll 

be
 a

t l
ea

st
 9

0%
 o

f t
he

 m
ax

im
um

 
th

ic
kn

es
s 

to
 b

e 
ex

am
in

ed
. 

Th
e 

in
sp

ec
tio

ns
 fr

om
 th

e 
O

.D
. n

ee
d 

to
 re

pl
ic

at
e 

th
e 

th
ic

kn
es

se
s 

of
 th

e 
ac

tu
al

 v
es

se
ls

 b
ec

au
se

 th
e 

th
ic

ke
r a

 v
es

se
l i

s,
 th

e 
m

or
e 

ch
al

le
ng

in
g 

th
e 

in
sp

ec
tio

n 
be

co
m

es
.  

A 
to

le
ra

nc
e 

of
 1

0%
 w

as
 a

pp
lie

d 
be

ca
us

e 
it 

w
ou

ld
 s

av
e 

se
ve

ra
l m

illi
on

 d
ol

la
rs

 a
nd

 a
llo

w
 s

ur
pl

us
 

m
at

er
ia

l f
ro

m
 c

an
ce

lle
d 

pl
an

ts
 to

 b
e 

us
ed

.  
Th

is
 w

as
 

fir
st

 a
 C

od
e 

C
as

e 
an

d 
th

en
 a

 C
od

e 
re

vi
si

on
 n

ec
es

sa
ry

 
to

 a
llo

w
 fo

r t
hi

s 
th

ic
kn

es
s 

to
le

ra
nc

e.
  O

nl
y 

th
e 

BW
R

 
re

ac
to

r p
re

ss
ur

e 
ve

ss
el

 (R
PV

) i
s 

ex
am

in
ed

 fr
om

 th
e 

ou
ts

id
e 

su
rfa

ce
.  

Th
e 

10
%

 to
le

ra
nc

e 
is

 u
se

d 
in

 m
an

y 
in

st
an

ce
s 

in
 th

e 
C

od
e,

 in
cl

ud
in

g 
ca

lib
ra

tio
n 

bl
oc

k 
th

ic
kn

es
s.

 
(c

) 
Th

e 
pe

rfo
rm

an
ce

 d
em

on
st

ra
tio

n 
sh

al
l b

e 
on

 th
e 

sa
m

e 
ty

pe
 c

la
dd

in
g 

as
 th

at
 to

 b
e 

ex
am

in
ed

, w
ith

 th
e 

fo
llo

w
in

g 
ex

ce
pt

io
ns

: 
 

(1
) d

em
on

st
ra

tio
n 

on
 s

hi
el

de
d 

m
et

al
 a

rc
 w

el
d 

(S
M

AW
) s

in
gl

e-
w

ire
 c

la
dd

in
g 

is
 

tra
ns

fe
ra

bl
e 

to
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 p

ro
ce

ss
es

; 
SM

AW
 is

 th
e 

m
os

t c
ha

lle
ng

in
g 

su
rfa

ce
 fi

ni
sh

 th
at

 
ca

n 
ad

ve
rs

el
y 

im
pa

ct
 a

n 
in

sp
ec

tio
n.

  I
f a

n 
in

sp
ec

tio
n 

ca
n 

be
 p

er
fo

rm
ed

 o
n 

SM
A

W
, t

he
n 

it 
ca

n 
ea

si
ly

 d
ea

l 
w

ith
 o

th
er

 c
la

dd
in

g 
pr

oc
es

se
s 

be
ca

us
e 

th
ey

 p
ro

du
ce

 
m

uc
h 

sm
oo

th
er

 s
ur

fa
ce

s.
 

(2
) d

em
on

st
ra

tio
n 

of
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 is

 c
on

si
de

re
d 

eq
ui

va
le

nt
 b

ut
 is

 n
ot

 
tra

ns
fe

ra
bl

e 
to

 S
M

AW
-ty

pe
 c

la
d.

 
Th

e 
te

ch
ni

ca
l b

as
is

 fo
r t

hi
s 

re
qu

ire
m

en
t a

nd
 th

e 
re

qu
ire

m
en

ts
 a

bo
ve

 c
om

es
 fr

om
 N

U
R

EG
/C

R
–2

87
8 

(T
ay

lo
r e

t a
l. 

19
83

). 
(d

) T
he

 s
ur

fa
ce

 c
on

di
tio

n 
of

 th
e 

te
st

 s
pe

ci
m

en
s 

sh
al

l b
e 

re
pr

es
en

ta
tiv

e 
of

 th
e 

ge
ne

ra
l 

co
nd

iti
on

 o
f t

he
 v

es
se

l s
ca

nn
in

g 
su

rfa
ce

. 
Sp

ec
im

en
s 

m
us

t b
e 

re
pr

es
en

ta
tiv

e 
of

 th
e 

co
nd

iti
on

s 
of

 th
e 

cl
ad

di
ng

 o
n 

fie
ld

 c
om

po
ne

nt
s.

 
(e

) T
he

 d
et

ec
tio

n 
te

st
 m

at
rix

 s
ha

ll 
in

cl
ud

e 
fla

w
s 

w
ith

 th
e 

fo
llo

w
in

g 
de

sc
rip

tio
n.

 
 

(1
) F

la
w

 T
yp

e.
  A

t l
ea

st
 7

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

.  
Th

e 
ba

la
nc

e 
sh

al
l b

e 
cr

ac
ks

, f
ab

ric
at

io
n 

fla
w

s 
(e

.g
., 

sl
ag

, l
ac

k 
of

 fu
si

on
), 

or
 m

ac
hi

ne
d 

no
tc

he
s.

  N
ot

ch
es

 m
ay

 
be

 u
se

d 
on

ly
 if

 th
e 

ex
am

in
at

io
n 

is
 p

er
fo

rm
ed

 fr
om

 th
e 

cl
ad

 s
ur

fa
ce

.  
M

ac
hi

ne
d 

no
tc

he
s 

sh
al

l m
ee

t t
he

 fo
llo

w
in

g 
re

qu
ire

m
en

ts
: 

C
ra

ck
s 

ar
e 

th
e 

m
aj

or
 c

on
ce

rn
 fo

r s
er

vi
ce

 
de

gr
ad

at
io

n,
 s

o 
th

at
 is

 th
e 

fo
cu

s 
of

 th
e 

fla
w

s 
in

 th
e 

te
st

 
se

t. 
 H

ow
ev

er
, t

he
 e

xp
er

ie
nc

e 
ha

s 
be

en
 th

at
 m

an
y 

fa
br

ic
at

io
n 

fla
w

s 
en

te
re

d 
se

rv
ic

e 
an

d 
w

ill 
be

 d
et

ec
te

d.
  

Th
is

 te
st

 in
cl

ud
es

 s
om

e 
fa

br
ic

at
io

n 
fla

w
s 

to
 e

ns
ur

e 
th

at
 

th
e 

pr
oc

ed
ur

e 
w

ill 
be

 a
bl

e 
to

 c
or

re
ct

ly
 h

an
dl

e 
th

em
.  

Th
e 

Ad
 H

oc
 T

as
k 

G
ro

up
 th

at
 in

iti
al

ly
 d

ev
el

op
ed

 th
e 

su
pp

le
m

en
ts

 w
as

 c
on

sc
io

us
 o

f t
he

 te
ch

ni
ca

l c
ha

lle
ng

e 
w

ith
 p

la
ci

ng
 v

er
y 

sm
al

l f
la

w
s 

of
 k

no
w

n 
di

m
en

si
on

s 
in

 
th

es
e 

co
m

po
ne

nt
s 

an
d 

w
ith

 th
e 

co
st

 o
f r

eq
ui

rin
g 

re
al

 
cr

ac
ks

.  
Be

ca
us

e 
th

e 
fla

w
 d

im
en

si
on

s 
w

ou
ld

 b
e 

us
ed
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M
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 V
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SE

L 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

to
 s

el
ec

t f
la

w
s 

fo
r t

es
tin

g,
 th

e 
un

ce
rta

in
ty

 a
ss

oc
ia

te
d 

w
ith

 th
e 

fla
w

 d
im

en
si

on
s 

ne
ed

ed
 to

 b
e 

m
in

im
iz

ed
.  

Th
er

ef
or

e,
 th

e 
A

d 
H

oc
 T

as
k 

G
ro

up
 d

id
 a

llo
w

 s
om

e 
m

ac
hi

ne
d 

re
fle

ct
or

s 
to

 b
e 

us
ed

 in
 th

es
e 

sp
ec

im
en

s 
fo

r 
sp

ec
ifi

c 
lo

ca
tio

ns
.  

Th
is

 in
 p

ar
t w

as
 b

as
ed

 o
n 

th
e 

PI
S

C
 II

 s
tu

di
es

, w
hi

ch
 s

ho
w

ed
 th

at
 n

ot
ch

es
 w

ith
 s

ha
rp

 
tip

s 
(c

al
le

d 
in

 P
IS

C
 II

 a
 T

yp
e 

A 
fla

w
) h

ad
 N

D
E 

re
sp

on
se

s 
si

m
ila

r t
o 

th
e 

N
D

E 
re

sp
on

se
s 

fro
m

 c
ra

ck
s 

(C
ru

tz
en

 e
t a

l. 
19

89
). 

(a
) N

ot
ch

es
 s

ha
ll 

ha
ve

 a
 m

ax
im

um
 w

id
th

 o
f 0

.0
10

 in
. (

0.
25

 m
m

) a
t t

he
 ti

p.
  

Th
e 

w
id

th
 a

t t
he

 c
la

d-
to

-b
as

e-
m

et
al

 in
te

rfa
ce

 s
ha

ll 
no

t e
xc

ee
d 

0.
02

0 
in

. (
0.

5 
m

m
). 

(b
) N

ot
ch

es
 s

ha
ll 

co
nf

or
m

 to
 th

e 
fo

llo
w

in
g:

 
(1

) N
ot

ch
 d

ep
th

 s
ha

ll 
no

t e
xc

ee
d 

0.
25

 in
. (

6 
m

m
) 

(2
) N

ot
ch

es
 s

ha
ll 

be
 s

em
i-e

llip
tic

al
. 

Th
e 

ac
ce

pt
ab

ilit
y 

of
 th

is
 m

ax
im

um
 ti

p 
ra

di
us

/w
id

th
 

re
qu

ire
m

en
t i

s 
no

t k
no

w
n.

  I
n 

re
vi

ew
in

g 
th

e 
P

IS
C

 II
 

pa
ra

m
et

ric
 s

tu
di

es
, P

IS
C

 II
 fa

br
ic

at
ed

 a
 n

um
be

r o
f 

ar
tif

ic
ia

l f
la

w
s 

ha
vi

ng
 ti

p 
ra

di
i u

p 
to

 0
.0

01
2 

in
. 

(0
.0

3 
m

m
) a

nd
 th

ey
 p

ro
vi

de
d 

tip
 re

sp
on

se
s 

w
ith

in
 1

 d
B 

of
 th

at
 fo

r a
 h

yd
ra

ul
ic

al
ly

 g
ro

w
n 

fa
tig

ue
 c

ra
ck

 w
ith

 a
 ti

p 
ra

di
us

 le
ss

 th
an

 0
.0

00
00

4 
in

. (
0.

00
01

 m
m

). 
 W

ha
t t

he
y 

di
d 

no
t d

o 
w

as
 to

 q
ua

nt
ify

 h
ow

 th
e 

tip
 re

sp
on

se
 w

ou
ld

 
ch

an
ge

 a
s 

th
e 

tip
 ra

di
us

 b
ec

om
es

 la
rg

er
 th

an
 

0.
00

12
 in

. (
0.

03
 m

m
). 

 T
he

 ti
p 

re
sp

on
se

 is
 k

ey
 s

in
ce

 
fo

r i
ns

pe
ct

io
ns

 fr
om

 th
e 

in
si

de
 s

ur
fa

ce
 fo

r s
ha

llo
w

 
fla

w
s,

 th
e 

sp
ec

ul
ar

 re
sp

on
se

 is
 n

ot
 d

et
ec

te
d;

 o
nl

y 
th

e 
tip

 re
sp

on
se

 is
.  

R
es

ea
rc

h 
ha

s 
no

t b
ee

n 
co

nd
uc

te
d 

to
 

re
so

lv
e 

th
is

 is
su

e,
 a

nd
 th

us
 th

e 
cr

ite
ria

 la
ck

 a
 fi

rm
 

te
ch

ni
ca

l b
as

is
.  

H
ow

ev
er

, i
t n

ee
ds

 to
 b

e 
no

te
d 

th
at

 th
e 

nu
m

be
r o

f n
ot

ch
es

 is
 li

m
ite

d 
to

 ≤
 3

0%
, c

an
 o

nl
y 

be
 

us
ed

 if
 e

xa
m

in
at

io
n 

is
 fr

om
 th

e 
in

si
de

 s
ur

fa
ce

, a
nd

 
m

us
t b

e 
le

ss
 th

an
 0

.2
4 

in
. (

6 
m

m
) i

n 
de

pt
h 

an
d 

se
m

i-
el

lip
tic

al
 in

 s
ha

pe
.  

Th
es

e 
pa

ra
m

et
er

s 
w

er
e 

ch
os

en
 a

s 
it 

w
as

 n
ot

 
po

ss
ib

le
 to

 re
lia

bl
y 

im
pl

an
t c

ra
ck

s 
of

 th
es

e 
sm

al
l s

iz
es

 
in

 fu
ll-

sc
al

e 
m

oc
ku

ps
.  

Th
e 

m
et

ho
d 

is
 li

m
ite

d 
to

 c
la

d 
si

de
 e

xa
m

in
at

io
n,

 w
he

re
 th

er
e 

is
 n

o 
di

re
ct

 re
fle

ct
io

n 
fro

m
 th

e 
fa

ce
 o

f t
he

 fl
aw

.  
Th

e 
us

e 
of

 s
em

i-e
llip

tic
al

 
sh

ap
e 

lim
its

 th
e 

m
ag

ni
tu

de
 o

f t
he

 ti
p 

di
ffr

ac
tio

n 
re

sp
on

se
.  

Th
er

e 
is

 a
ls

o 
an

 u
nc

er
ta

in
ty

 o
f a

t l
ea

st
 

0.
04

 in
. (

1 
m

m
) i

n 
th

e 
im

pl
an

ta
tio

n 
pr

oc
es

s.
  T

he
 E

D
M
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M
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

pr
oc

es
s 

al
lo

w
s 

cl
os

er
 c

on
tro

l o
f t

he
 fl

aw
 s

iz
e 

at
 th

es
e 

sm
al

le
r s

iz
es

 w
ith

ou
t r

es
or

tin
g 

to
 d

es
tru

ct
iv

e 
te

st
in

g.
  

Th
e 

ba
si

s 
fo

r a
cc

ep
ta

nc
e 

by
 th

e 
C

od
e 

w
as

 th
at

 th
es

e 
no

tc
he

s 
ha

d 
a 

lo
w

er
 s

ig
na

l r
es

po
ns

e 
th

an
 s

im
ila

r s
iz

ed
 

cr
ac

ks
 a

nd
 re

su
lte

d 
in

 a
 lo

w
er

 d
et

ec
tio

n 
ra

te
 b

y 
ca

nd
id

at
es

. 
(2

) F
la

w
s 

sh
al

l b
e 

or
ie

nt
ed

 e
ith

er
 p

ar
al

le
l o

r p
er

pe
nd

ic
ul

ar
 to

 th
e 

cl
ad

 d
ire

ct
io

n 
±1

0 
de

g.
  F

or
 p

ro
ce

du
re

 q
ua

lif
ic

at
io

n,
 a

t l
ea

st
 4

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
in

cl
ud

ed
 in

 e
ac

h 
or

ie
nt

at
io

n.
  F

or
 p

er
so

nn
el

 te
st

s,
 a

t l
ea

st
 2

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
in

cl
ud

ed
 in

 e
ac

h 
or

ie
nt

at
io

n.
 

Fl
aw

s 
m

ay
 fo

rm
 p

er
pe

nd
ic

ul
ar

 o
r p

ar
al

le
l t

o 
th

e 
cl

ad
 d

ire
ct

io
n,

 s
o 

th
e 

pr
oc

ed
ur

e 
an

d 
pe

rs
on

ne
l m

us
t 

be
 s

ho
w

n 
to

 b
e 

ef
fe

ct
iv

e 
in

 d
et

ec
tin

g 
fla

w
s 

in
 b

ot
h 

or
ie

nt
at

io
ns

. 
(3

) T
he

 fl
aw

 s
iz

es
 s

ha
ll 

be
 u

ni
fo

rm
ly

 d
is

tri
bu

te
d 

in
 th

ro
ug

h-
w

al
l d

ep
th

s 
am

on
g 

th
e 

ra
ng

es
: 

(a
) 0

.0
75

 to
 0

.2
00

 in
. (

1.
9 

m
m

 to
 5

.1
 m

m
) 

(b
) 0

.2
01

 to
 0

.3
50

 in
. (

5.
11

 m
m

 to
.9

 m
m

) 
(c

) 0
.3

51
 to

 0
.5

50
 in

. (
8.

91
 m

m
 to

 1
4 

m
m

) 
(d

) 0
.5

51
 to

 0
.7

50
 in

. (
14

 m
m

 to
 1

9 
m

m
) 

Th
e 

fla
w

s 
ne

ed
 to

 s
pa

n 
th

e 
ra

ng
e 

of
 th

e 
in

ne
r 

su
rfa

ce
 v

ol
um

e,
 s

o 
th

is
 ra

ng
e 

of
 s

iz
es

 w
as

 s
el

ec
te

d 
to

 
co

ve
r t

he
 ra

ng
e 

by
 th

e 
Ad

 H
oc

 T
as

k 
G

ro
up

.  
O

ne
 s

iz
e 

w
as

 n
ot

 th
ou

gh
t t

o 
be

 m
or

e 
im

po
rta

nt
 th

an
 a

no
th

er
, s

o 
th

e 
di

st
rib

ut
io

n 
is

 u
ni

fo
rm

. 

(4
) N

o 
fla

w
 s

ha
ll 

ha
ve

 a
n 

as
pe

ct
 ra

tio
 (d

ep
th

/le
ng

th
) l

es
s 

th
an

 0
.1

.  
Fl

aw
s 

sm
al

le
r t

ha
n 

50
%

 o
f t

he
 a

llo
w

ab
le

 fl
aw

 s
iz

e,
 a

s 
de

fin
ed

 in
 IW

B
-3

50
0,

 n
ee

d 
no

t b
e 

in
cl

ud
ed

 a
s 

de
te

ct
io

n 
fla

w
s.

 

Th
is

 is
 g

ui
da

nc
e 

on
 a

sp
ec

t r
at

io
 th

at
 n

ee
ds

 to
 b

e 
us

ed
 fo

r s
el

ec
tin

g 
th

e 
ap

pr
op

ria
te

 fl
aw

s.
  T

hi
s 

re
vi

si
on

 
to

 th
e 

C
od

e 
w

as
 re

qu
es

te
d 

as
 th

e 
fla

w
 s

iz
es

 in
 S

up
pl

e-
m

en
t 4

, 2
.1

(e
)(

3)
 c

ou
ld

 re
su

lt 
in

 fl
aw

s 
m

uc
h 

le
ss

 th
an

 
th

os
e 

in
cl

ud
ed

 in
 th

e 
IW

B
-3

51
4 

ta
bl

es
.  

In
 a

dd
iti

on
, i

n 
10

 C
FR

 5
0.

55
a(

b)
(x

v)
(B

)(
2)

, t
he

 N
R

C
 re

st
ric

te
d 

th
is

 to
 

no
t n

ee
di

ng
 to

 in
cl

ud
e 

fla
w

s 
sm

al
le

r t
ha

n 
50

%
 o

f t
ho

se
 

de
fin

ed
 in

 IW
B-

35
00

. 
(5

) T
he

 m
at

er
ia

l t
hi

ck
ne

ss
 u

se
d 

to
 d

et
er

m
in

e 
fla

w
 a

cc
ep

ta
bi

lit
y 

sh
al

l b
e 

as
 

fo
llo

w
s:

 
(a

) T
he

 m
in

im
um

 th
ic

kn
es

s 
sp

ec
ifi

ed
 in

 th
e 

sc
op

e 
of

 th
e 

pr
oc

ed
ur

e,
 fo

r 
pr

oc
ed

ur
es

 a
pp

lie
d 

fro
m

 th
e 

in
si

de
 s

ur
fa

ce
. 

(b
) T

he
 th

ic
kn

es
s 

of
 th

e 
te

st
 s

pe
ci

m
en

, f
or

 p
ro

ce
du

re
s 

ap
pl

ie
d 

fro
m

 th
e 

ou
ts

id
e 

su
rfa

ce
. 

G
ui

da
nc

e 
on

 th
e 

th
ic

kn
es

s 
of

 th
e 

te
st

 s
am

pl
es

.  
10

 C
FR

 5
0.

55
a(

b)
(x

v)
(B

)(
2)

 fu
rth

er
 s

ta
te

s 
th

at
 fo

r 
pr

oc
ed

ur
es

 a
pp

lie
d 

fro
m

 th
e 

in
si

de
 s

ur
fa

ce
, u

se
 th

e 
m

in
im

um
 th

ic
kn

es
s 

sp
ec

ifi
ed

 in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e 

to
 c

al
cu

la
te

 a
/t.

  F
or

 p
ro

ce
du

re
s 

ap
pl

ie
d 

fro
m

 th
e 

ou
ts

id
e 

su
rfa

ce
, t

he
 a

ct
ua

l t
hi

ck
ne

ss
 o

f t
he

 
te

st
 s

pe
ci

m
en

 is
 to

 b
e 

us
ed

 to
 c

al
cu

la
te

 a
/t.

  T
hi

s 
pr

ev
en

ts
 th

e 
el

im
in

at
io

n 
of

 th
e 

sm
al

le
r f

la
w

 d
ep

th
s 

in
 

th
ic

k 
se

ct
io

ns
. 

(f)
 T

he
 n

um
be

r o
f f

la
w

s 
in

 a
 p

er
so

nn
el

 d
et

ec
tio

n 
de

m
on

st
ra

tio
n 

sh
al

l b
e 

se
le

ct
ed

 
fro

m
 T

ab
le

 V
III

-S
4-

1.
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(g
) F

or
 in

iti
al

 p
ro

ce
du

re
 q

ua
lif

ic
at

io
n,

 th
e 

de
te

ct
io

n 
se

t s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f 

th
re

e 
pe

rs
on

ne
l q

ua
lif

ic
at

io
n 

se
ts

.  
To

 q
ua

lif
y 

ne
w

 v
al

ue
 o

f e
ss

en
tia

l v
ar

ia
bl

es
, a

t l
ea

st
 

on
e 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n 
se

t i
s 

re
qu

ire
d.

 

Th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
te

st
 

se
ts

 a
re

 re
qu

ire
d 

to
 d

em
on

st
ra

te
 th

at
 th

e 
pr

oc
ed

ur
e 

is
 

ro
bu

st
 a

nd
 c

ap
ab

le
 o

f d
et

ec
tin

g 
th

e 
te

st
 s

pe
ci

m
en

 
fla

w
s.

  I
f a

n 
es

se
nt

ia
l v

ar
ia

bl
e 

is
 m

od
ifi

ed
 fo

r a
n 

al
re

ad
y-

qu
al

ifi
ed

 p
ro

ce
du

re
, t

he
n 

on
ly

 o
ne

 p
er

so
nn

el
 

qu
al

ifi
ca

tio
n 

te
st

 s
et

 n
ee

ds
 to

 b
e 

de
m

on
st

ra
te

d 
to

 
ve

rif
y 

th
e 

pr
oc

ed
ur

e 
is

 s
til

l c
ap

ab
le

 o
f d

et
ec

tin
g 

th
e 

re
qu

ire
d 

fla
w

s.
  

 

In
 c

on
tra

st
 to

 p
ip

in
g,

 th
e 

re
ac

to
r p

re
ss

ur
e 

ve
ss

el
 is

 
a 

hi
gh

-r
is

k 
co

m
po

ne
nt

 a
nd

 n
ee

ds
 to

 m
ai

nt
ai

n 
hi

gh
 

st
ru

ct
ur

al
 in

te
gr

ity
.  

Th
us

, t
he

 re
lia

bi
lit

y 
of

 in
sp

ec
tio

ns
 

ne
ed

s 
to

 b
e 

hi
gh

er
 th

an
 th

at
 fo

r p
ip

in
g.

  I
n 

th
is

 c
as

e,
 

th
e 

go
al

 is
 to

 h
av

e 
a 

hi
gh

 p
as

s 
ra

te
 fo

r t
ho

se
 

pe
rs

on
ne

l, 
eq

ui
pm

en
t, 

an
d 

pr
oc

ed
ur

es
 th

at
 h

av
e 

an
 

in
he

re
nt

 P
O

D
 o

f 9
5%

 a
nd

 a
 F

C
P 

le
ss

 th
an

 2
0%

.  
U

na
cc

ep
ta

bl
e 

pe
rfo

rm
an

ce
 w

as
 P

O
D

 v
al

ue
s 

< 
70

%
 

an
d 

FC
P 

> 
20

%
.  

A 
ta

bl
e 

is
 u

se
d 

to
 p

ro
vi

de
 th

e 
te

st
 

ad
m

in
is

tra
to

r a
 c

om
bi

na
tio

n 
of

 te
st

s 
th

at
 c

an
 b

e 
us

ed
 

an
d 

lim
its

 te
st

m
an

sh
ip

 b
ec

au
se

 th
e 

in
sp

ec
to

r w
ill 

no
t 

kn
ow

 th
e 

nu
m

be
r o

f f
la

w
s 

th
at

 w
ill 

be
 in

 a
 g

iv
en

 te
st

.  
Th

e 
FC

P 
is

 n
ot

 li
st

ed
 b

ec
au

se
 fo

r v
es

se
ls

 it
 b

ec
am

e 
m

or
e 

ch
al

le
ng

in
g 

to
 d

ef
in

e 
bl

an
k 

gr
ad

in
g 

un
its

.  
In

st
ea

d,
 th

e 
re

qu
ire

m
en

t f
or

 th
e 

nu
m

be
r o

f f
al

se
 c

al
ls

 
is

 b
as

ed
 o

n 
th

e 
ar

ea
 in

sp
ec

te
d 

an
d 

is
 d

ef
in

ed
 in

 3
.1

(c
). 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(h
) T

he
 re

qu
ire

m
en

ts
 o

f I
W

A
-3

00
0 

sh
al

l b
e 

us
ed

 to
 d

et
er

m
in

e 
if 

cl
os

el
y-

sp
ac

ed
 fl

aw
s 

ar
e 

to
 b

e 
tre

at
ed

 a
s 

se
pa

ra
te

 fl
aw

s.
 

Th
is

 is
 in

te
nd

ed
 to

 m
ak

e 
th

e 
te

st
in

g 
co

ns
is

te
nt

 
w

ith
 o

th
er

 a
re

as
 o

f t
he

 C
od

e 
de

al
in

g 
w

ith
 fl

aw
 

ev
al

ua
tio

n.
 

(i)
 F

la
w

 lo
ca

tio
n 

an
d 

sp
ec

im
en

 id
en

tif
ic

at
io

n 
sh

al
l b

e 
ob

sc
ur

ed
 to

 m
ai

nt
ai

n 
a 

“b
lin

d 
te

st
.” 

Th
e 

te
st

 m
us

t r
em

ai
n 

bl
in

d 
fo

r t
he

 s
ta

tis
tic

al
 b

as
is

 
to

 re
m

ai
n 

va
lid

. 
2.

2 
 S

iz
in

g 
Sp

ec
im

en
s 

 
(a

) T
he

 s
iz

in
g 

te
st

 m
at

rix
 s

ha
ll 

co
nt

ai
n 

a 
m

in
im

um
 o

f t
en

 fl
aw

s,
 a

t l
ea

st
 7

0%
 o

f w
hi

ch
 

sh
al

l b
e 

cr
ac

ks
. 

Th
e 

sa
m

e 
ra

tio
na

le
 is

 u
se

d 
fo

r t
hi

s 
as

 th
at

 u
se

d 
fo

r 
th

e 
Su

pp
le

m
en

t 2
 p

ar
ag

ra
ph

 1
.3

(a
). 

(b
) P

ro
ce

du
re

 q
ua

lif
ic

at
io

ns
 s

ha
ll 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 
qu

al
ifi

ca
tio

n 
se

ts
. 

C
on

si
st

en
t w

ith
 S

up
pl

em
en

t 2
 ra

tio
na

le
. 

(c
) S

iz
in

g 
sp

ec
im

en
s 

sh
al

l c
on

fo
rm

 w
ith

 th
e 

re
qu

ire
m

en
ts

 o
f 2

.l(
b)

, 2
.l(

c)
, 2

.l(
d)

, a
nd

 
2.

l(e
). 

Si
zi

ng
 m

us
t b

e 
pe

rfo
rm

ed
 u

nd
er

 c
on

di
tio

ns
 

ex
pe

ct
ed

 o
n 

co
m

po
ne

nt
s 

in
 s

er
vi

ce
. 

2.
3 

 S
up

pl
em

en
ta

l S
in

gl
e-

Si
de

 A
cc

es
s 

Te
st

 S
pe

ci
m

en
s.

  S
up

pl
em

en
ta

l t
es

t 
sp

ec
im

en
s 

re
qu

ire
d 

to
 d

em
on

st
ra

te
 th

e 
ef

fe
ct

iv
en

es
s 

of
 s

in
gl

e-
si

de
 e

xa
m

in
at

io
n 

pr
oc

ed
ur

es
 fo

r d
et

ec
tin

g 
or

 s
iz

in
g 

of
 re

fle
ct

or
s 

w
ith

 n
on

-o
pt

im
um

 s
ou

nd
-r

ef
le

ct
in

g 
pr

op
er

tie
s 

sh
al

l c
om

pl
y 

w
ith

 th
e 

fo
llo

w
in

g.
 

(a
) A

ll 
fla

w
s 

sh
al

l b
e 

cr
ac

ks
. 

(b
) T

w
o 

or
 m

or
e 

cr
ac

ks
 s

ha
ll 

be
 in

cl
ud

ed
. 

(c
) T

he
 c

ra
ck

s 
sh

al
l e

xh
ib

it 
no

n-
op

tim
um

 s
ou

nd
 re

fle
ct

in
g 

pr
op

er
tie

s.
 

(1
) T

he
 n

om
in

al
 o

rie
nt

at
io

n 
sh

al
l b

e 
45

 ±
10

 d
eg

 re
la

tiv
e 

to
 th

e 
lo

ca
l s

ur
fa

ce
 

no
rm

al
. (2

) T
he

 re
fle

ct
in

g 
su

rfa
ce

 s
ha

ll 
ex

hi
bi

t t
he

 c
ha

ra
ct

er
is

tic
s 

of
 a

 c
ra

ck
 th

at
 c

ou
ld

 
oc

cu
r d

ur
in

g 
fa

br
ic

at
io

n 
or

 re
pa

ir.
 

(d
) T

he
 in

ne
r t

ip
 o

f t
he

 c
ra

ck
s 

sh
al

l b
e 

lo
ca

te
d 

no
 m

or
e 

th
an

 2
.5

 in
. (

65
 m

m
) a

nd
 n

o 
le

ss
 th

an
 0

.1
 in

. (
2 

m
m

) f
ro

m
 th

e 
cl

ad
-to

-b
as

e-
m

et
al

 in
te

rfa
ce

. 
(e

) T
he

 fl
aw

s 
sh

al
l b

e 
or

ie
nt

ed
 p

ar
al

le
l o

r p
er

pe
nd

ic
ul

ar
 to

 th
e 

cl
ad

 d
ire

ct
io

n.
 

U
nd

er
 s

om
e 

fie
ld

 c
on

di
tio

ns
, i

t m
ay

 n
ot

 b
e 

po
ss

ib
le

 to
 in

sp
ec

t a
ll 

vo
lu

m
es

 w
ith

 U
T 

fro
m

 fo
ur

 
di

ffe
re

nt
 d

ire
ct

io
ns

.  
Th

is
 s

et
 o

f r
eq

ui
re

m
en

ts
 d

et
ai

ls
 

w
ha

t h
as

 to
 b

e 
de

m
on

st
ra

te
d 

to
 s

ho
w

 th
at

 th
e 

vo
lu

m
e 

ca
n 

be
 in

sp
ec

te
d 

ef
fe

ct
iv

el
y 

w
ith

 li
m

its
 o

n 
th

e 
di

re
ct

io
ns

 in
 w

hi
ch

 th
e 

vo
lu

m
e 

ca
n 

be
 in

te
rr

og
at

ed
 w

ith
 

ul
tra

so
un

d.
  P

ro
ce

du
re

s 
ne

ed
 to

 s
ta

te
 th

at
 if

 fo
ur

 
di

re
ct

io
ns

 a
re

 a
va

ila
bl

e,
 th

en
 th

e 
in

sp
ec

tio
n 

w
ill 

be
 

co
nd

uc
te

d 
by

 u
si

ng
 a

ll 
fo

ur
 o

f t
he

m
 a

s 
re

qu
ire

d 
in

 
M

an
da

to
ry

 A
pp

en
di

x 
I, 

Ar
tic

le
 I-

33
00

(a
). 

 If
 fo

ur
 

di
re

ct
io

ns
 a

re
 n

ot
 a

va
ila

bl
e,

 th
en

 th
e 

pr
oc

ed
ur

e 
m

us
t 

de
fa

ul
t t

o 
a 

si
ng

le
 s

id
e-

ac
ce

ss
 in

sp
ec

tio
n 

th
at

 h
as

 
be

en
 d

em
on

st
ra

te
d 

to
 s

uc
ce

ss
fu

lly
 m

ee
t t

he
se

 
re

qu
ire

m
en

ts
.  

Th
es

e 
re

qu
ire

m
en

ts
 a

re
 m

ea
nt

 to
 b

e 
ch

al
le

ng
in

g 
an

d 
to

 d
em

on
st

ra
te

 th
at

 fl
aw

s 
ca

n 
be

 
fo

un
d 

un
de

r f
ie

ld
 c

on
di

tio
ns

. 
Th

es
e 

su
pp

le
m

en
ta

l t
es

t b
lo

ck
s 

ar
e 

us
ed

 to
 

de
m

on
st

ra
te

 th
at

 fl
aw

s 
of

 n
on

-o
pt

im
um

 o
rie

nt
at

io
n 

ca
n 

be
 d

et
ec

te
d 

if 
si

ng
le

-s
id

e 
ex

am
in

at
io

n 
is

 n
ec

es
sa

ry
.  
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

3.
0 

 C
O

N
D

U
C

T 
O

F 
PE

R
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

S 
 

3.
1 

 D
et

ec
tio

n 
Te

st
 

 
(a

) S
pe

ci
m

en
 id

en
tif

ic
at

io
n 

an
d 

fla
w

 lo
ca

tio
ns

 s
ha

ll 
be

 o
bs

cu
re

d 
so

 a
s 

to
 m

ai
nt

ai
n 

a 
“b

lin
d 

te
st

.” 
 D

iv
ul

ge
nc

e 
of

 p
ar

tic
ul

ar
 s

pe
ci

m
en

 re
su

lts
 o

r c
an

di
da

te
 v

ie
w

in
g 

of
 u

nm
as

ke
d 

sp
ec

im
en

s 
is

 p
ro

hi
bi

te
d.

 

Th
e 

te
st

 m
us

t b
e 

bl
in

d 
fo

r t
he

 s
ta

tis
tic

al
 d

es
ig

n 
to

 
re

m
ai

n 
va

lid
. 

(b
) I

f a
 fl

aw
 is

 re
po

rte
d 

w
ith

in
 th

e 
gr

ea
te

r o
f 1

 in
. (

25
 m

m
) o

r 1
0%

 o
f t

he
 m

et
al

 p
at

h 
le

ng
th

 to
 th

e 
fla

w
 fr

om
 it

s 
tru

e 
lo

ca
tio

n 
(x

, y
, a

nd
 z

) i
t s

ha
ll 

be
 c

on
si

de
re

d 
de

te
ct

ed
.  

A
ll 

ot
he

r r
ep

or
te

d 
fla

w
s 

sh
al

l b
e 

co
ns

id
er

ed
 fa

ls
e 

ca
lls

. 

Be
ca

us
e 

of
 u

ltr
as

on
ic

 s
pe

ed
 v

ar
ia

tio
ns

 a
nd

 th
e 

lo
ng

 d
is

ta
nc

es
 tr

av
er

se
d,

 in
cr

ea
se

d 
lo

ca
tio

n 
er

ro
r w

ill 
oc

cu
r. 

 T
hi

s 
re

qu
ire

m
en

t a
dd

re
ss

es
 th

is
 fu

nd
am

en
ta

l 
fa

ct
.  

 
3.

2 
 L

en
gt

h 
an

d 
D

ep
th

 S
iz

in
g 

Te
st

 
(a

) E
ac

h 
re

po
rte

d 
fla

w
 in

 th
e 

de
te

ct
io

n 
te

st
 s

ha
ll 

be
 le

ng
th

 s
iz

ed
. 

(b
) W

he
n 

on
ly

 le
ng

th
 s

iz
in

g 
is

 b
ei

ng
 te

st
ed

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 fl

aw
 in

 e
ac

h 
re

gi
on

. 
(c

) F
or

 th
e 

de
pt

h 
si

zi
ng

 te
st

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
m

ax
im

um
 

de
pt

h 
of

 th
e 

fla
w

 in
 e

ac
h 

re
gi

on
. 

Th
es

e 
ar

e 
th

e 
sa

m
e 

ge
ne

ra
l r

eq
ui

re
m

en
ts

 a
s 

fo
un

d 
in

 S
up

pl
em

en
t 2

.  
W

he
n 

ca
nd

id
at

es
 a

re
 

pe
rfo

rm
in

g 
de

te
ct

io
n,

 le
ng

th
, a

nd
 d

ep
th

 s
iz

in
g 

of
 th

e 
sa

m
e 

fla
w

 d
ur

in
g 

th
e 

de
m

on
st

ra
tio

n,
 th

e 
fla

w
 lo

ca
tio

n 
sh

al
l r

em
ai

n 
un

kn
ow

n.
  T

hi
s 

re
du

ce
s 

th
e 

co
st

 a
nd

 
ex

am
in

at
io

n 
tim

e 
w

ith
ou

t a
ffe

ct
in

g 
th

e 
bl

in
d 

te
st

in
g 

re
su

lts
. 

3.
3 

 S
in

gl
e-

Si
de

 A
cc

es
s 

 
(a

) Q
ua

lif
ic

at
io

n 
of

 p
er

so
nn

el
 a

nd
 p

ro
ce

du
re

s 
fo

r s
in

gl
e-

si
de

 a
cc

es
s 

sh
al

l b
e 

pe
rfo

rm
ed

 a
s 

in
 3

.1
 a

nd
 3

.2
, e

xc
ep

t t
ha

t a
cc

es
s 

sh
al

l b
e 

re
st

ric
te

d 
to

 o
ne

 d
ire

ct
io

n 
pa

ra
lle

l a
nd

 o
ne

 d
ire

ct
io

n 
pe

rp
en

di
cu

la
r t

o 
th

e 
w

el
d.

 

D
ef

in
es

 w
ha

t i
s 

m
ea

nt
 b

y 
a 

si
ng

le
-s

id
e 

in
sp

ec
tio

n.
 

(b
) T

he
 p

ro
ce

du
re

 s
ha

ll 
de

m
on

st
ra

te
 th

at
 it

 is
 c

ap
ab

le
 o

f d
et

ec
tin

g 
or

 s
iz

in
g 

fla
w

s 
de

sc
rib

ed
 in

 2
.3

.  
Th

is
 n

ee
d 

no
t b

e 
a 

bl
in

d 
de

m
on

st
ra

tio
n.

 
Th

e 
pr

oc
ed

ur
e 

ha
s 

al
re

ad
y 

be
en

 d
em

on
st

ra
te

d 
to

 
be

 e
ffe

ct
iv

e 
fo

r f
ou

r-
di

re
ct

io
n 

in
sp

ec
tio

n,
 s

o 
no

w
 th

e 
de

m
on

st
ra

tio
n 

is
 to

 s
ho

w
 th

at
 th

e 
sa

m
e 

pr
oc

ed
ur

e 
w

he
n 

ha
vi

ng
 o

nl
y 

tw
o 

di
re

ct
io

ns
 c

an
 d

et
ec

t o
r s

iz
e 

th
e 

fla
w

s 
ac

ce
pt

ab
ly

.(2
)  

(c
) T

he
 p

ro
ce

du
re

 s
ha

ll 
de

fin
e 

sp
ec

ifi
c 

ev
al

ua
tio

n 
cr

ite
ria

 fo
r d

et
ec

tio
n,

 s
uc

h 
th

at
 a

n 
in

de
pe

nd
en

t e
va

lu
at

or
 c

an
 m

ak
e 

an
 u

nb
ia

se
d 

de
ci

si
on

. 
Th

is
 re

qu
ire

s 
th

at
 th

e 
pr

oc
ed

ur
e 

be
 v

er
y 

de
ta

ile
d 

so
 th

at
 a

n 
in

de
pe

nd
en

t e
va

lu
at

or
 c

an
 re

ac
h 

th
e 

sa
m

e 
in

te
rp

re
ta

tio
n.

 
 

 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

(2
) 

EP
R

I h
as

 s
tu

di
ed

 th
e 

is
su

e 
of

 li
m

ite
d 

sc
an

ni
ng

 a
cc

es
s 

an
d 

pu
bl

is
he

d 
th

is
 w

or
k,

 b
ut

 th
e 

au
th

or
s 

ha
ve

 n
ot

 re
vi

ew
ed

 it
, a

lth
ou

gh
 s

om
e 

of
 th

is
 

in
fo

rm
at

io
n 

w
as

 p
re

se
nt

ed
 b

y 
EP

R
I s

ta
ff 

at
 A

S
M

E 
C

od
e 

m
ee

tin
gs

.  
Th

e 
E

PR
I r

ep
or

t c
an

 b
e 

pu
rc

ha
se

d 
fo

r $
23

,7
50

, a
nd

 is
 ti

tle
d 

Im
pl

em
en

ta
tio

n 
of

 A
S

M
E

 S
ec

tio
n 

X
I, 

A
pp

en
di

x 
V

III
 P

er
fo

rm
an

ce
 D

em
on

st
ra

tio
n 

R
eq

ui
re

m
en

ts
 a

s 
M

od
ifi

ed
 b

y 
10

 C
FR

 5
0.

55
a:

  S
in

gl
e 

S
id

e 
E

xa
m

in
at

io
n 

fo
r F

er
rit

ic
 R

P
V

 W
el

ds
 (E

P
R

I N
D

E 
C

en
te

r, 
C

ha
rlo

tte
, N

or
th

 C
ar

ol
in

a,
 2

00
0;

 R
ep

or
t N

o.
 1

00
10

37
). 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

4.
0 

 A
C

C
EP

TA
N

C
E 

C
R

IT
ER

IA
 

 
4.

1 
 D

et
ec

tio
n 

A
cc

ep
ta

nc
e 

C
rit

er
ia

 
 

(a
) P

ro
ce

du
re

 q
ua

lif
ic

at
io

n 
sh

al
l d

em
on

st
ra

te
 d

et
ec

ta
bi

lit
y 

of
 e

ac
h 

fla
w

 w
ith

in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e.

 
As

 in
 o

th
er

 s
up

pl
em

en
ts

, t
he

 o
rig

in
al

 p
ro

ce
du

re
 

qu
al

ifi
ca

tio
n 

re
qu

ire
d 

on
e 

su
cc

es
sf

ul
 p

er
so

nn
el

 
qu

al
ifi

ca
tio

n.
  T

hi
s 

so
on

 p
ro

ve
d 

to
 b

e 
un

w
or

ka
bl

e 
fo

r 
bo

th
 a

ut
om

at
ed

 a
nd

 m
an

ua
l p

ro
ce

du
re

s.
  I

t w
as

 
po

ss
ib

le
 fo

r p
er

so
nn

el
 to

 p
as

s 
an

 8
-o

ut
-o

f-1
0 

te
st

 a
nd

 
th

e 
pr

oc
ed

ur
e 

w
ou

ld
 b

e 
qu

al
ifi

ed
 u

nd
er

 th
e 

or
ig

in
al

 
ru

le
s,

 e
ve

n 
th

ou
gh

 fl
aw

s 
w

ith
in

 th
e 

sc
op

e 
of

 th
e 

pr
oc

ed
ur

e 
w

er
e 

no
t d

et
ec

te
d.

  T
hi

s 
w

as
 a

n 
un

ac
ce

pt
-

ab
le

 s
itu

at
io

n 
to

 h
av

e 
fla

w
s 

th
at

 a
 p

ro
ce

du
re

 c
ou

ld
 n

ot
 

de
te

ct
 s

o 
it 

w
as

 c
ha

ng
ed

 to
 re

qu
ire

 a
ll 

fla
w

s 
to

 b
e 

de
te

ct
ed

 d
ur

in
g 

th
e 

pr
oc

ed
ur

e 
qu

al
ifi

ca
tio

n.
  T

he
 

qu
an

tit
y 

of
 th

re
e 

pe
rs

on
ne

l t
es

t s
et

s 
w

as
 s

el
ec

te
d 

an
d 

in
cl

ud
ed

 th
e 

re
qu

ire
m

en
t t

ha
t e

ac
h 

fla
w

 th
at

 w
ill 

be
 

us
ed

 in
 te

st
in

g 
ca

nd
id

at
es

 b
e 

de
te

ct
ab

le
 a

cc
or

di
ng

 to
 

th
e 

cr
ite

ria
 c

on
ta

in
ed

 in
 th

e 
pr

oc
ed

ur
e.

  I
f t

he
 

pr
oc

ed
ur

e 
ca

nn
ot

 fi
nd

 a
 p

ar
tic

ul
ar

 fl
aw

, t
he

n 
th

e 
pr

oc
ed

ur
e 

an
d/

or
 th

e 
eq

ui
pm

en
t n

ee
d 

to
 b

e 
im

pr
ov

ed
 

or
 th

e 
pr

oc
ed

ur
e 

sc
op

e 
sh

ou
ld

 b
e 

lim
ite

d 
to

 e
xc

lu
de

 
w

ha
t c

an
no

t b
e 

de
te

ct
ed

. 
(b

) P
er

so
nn

el
 a

re
 q

ua
lif

ie
d 

if 
th

e 
re

su
lts

 o
f t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sa
tis

fy
 th

e 
ac

ce
pt

an
ce

 c
rit

er
ia

 o
f T

ab
le

 V
III

-S
4-

1 
an

d 
no

 fl
aw

 g
re

at
er

 th
an

 0
.2

5 
in

. (
6 

m
m

) d
ep

th
 is

 
m

is
se

d.
 

Th
is

 p
ro

vi
si

on
 in

cr
ea

se
s 

th
e 

st
rin

ge
nc

y 
by

 
re

qu
iri

ng
 th

at
 n

o 
fla

w
 g

re
at

er
 th

an
 0

.2
5 

in
. (

6 
m

m
) i

n 
de

pt
h 

ca
n 

be
 m

is
se

d.
  T

hi
s 

is
 b

as
ed

 o
n 

th
e 

PD
I 

da
ta

ba
se

 w
he

re
 fo

r m
an

y 
ye

ar
s 

no
 o

ne
 e

ve
r m

is
se

d 
a 

fla
w

 d
ee

pe
r t

ha
n 

th
is

 c
rit

er
io

n.
  C

on
se

qu
en

tly
, i

nd
us

try
 

de
ci

de
d 

th
at

 it
 s

ho
ul

d 
be

 a
dd

ed
 to

 a
llo

w
 fl

aw
s 

sm
al

le
r 

th
an

 th
is

 to
 b

e 
m

is
se

d 
w

hi
le

 n
ot

hi
ng

 d
ee

pe
r t

ha
n 

th
is

 
cr

ite
rio

n 
m

ay
 b

e 
m

is
se

d.
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(c
) F

or
 p

ro
ce

du
re

 a
nd

 p
er

so
nn

el
 d

em
on

st
ra

tio
ns

, t
he

 n
um

be
r o

f f
al

se
 c

al
ls

 s
ha

ll 
no

t 
ex

ce
ed

 A
/1

0,
 ro

un
de

d 
to

 th
e 

ne
xt

 w
ho

le
 n

um
be

r, 
w

he
re

 A
 is

 th
e 

to
ta

l s
ca

n 
ar

ea
 o

f 
sp

ec
im

en
s 

in
 th

e 
te

st
 m

ea
su

re
d 

in
 s

qu
ar

e 
fe

et
.  

Th
e 

to
ta

l s
ca

n 
ar

ea
 is

 d
ef

in
ed

 a
s 

th
e 

ar
ea

 th
at

 w
ou

ld
 b

e 
sc

an
ne

d 
w

he
n 

sc
an

ni
ng

 fr
om

 a
ll 

fo
ur

 d
ire

ct
io

ns
. 

Th
is

 re
qu

ire
m

en
t i

s 
di

ffe
re

nt
 th

an
 fo

r p
ip

in
g.

  I
t w

as
 

de
ci

de
d 

th
at

 b
ec

au
se

 o
f t

he
 la

rg
e 

vo
lu

m
e 

of
 m

at
er

ia
l 

be
in

g 
in

sp
ec

te
d 

(p
ar

tic
ul

ar
ly

 fr
om

 th
e 

O
.D

.),
 p

la
ci

ng
 a

 
sm

al
l n

um
be

r o
f g

ra
di

ng
 u

ni
ts

 w
ou

ld
 n

ot
 n

ec
es

sa
ril

y 
be

 
ef

fe
ct

iv
e 

in
 m

ea
su

rin
g 

FC
P

.  
Th

e 
Ad

 H
oc

 T
as

k 
G

ro
up

 
de

ci
de

d 
th

at
 th

e 
FC

P 
sh

ou
ld

 b
e 

ba
se

d 
on

 th
e 

si
ze

 o
f 

th
e 

su
rfa

ce
 a

re
a 

sc
an

ne
d 

an
d 

th
at

 th
e 

FC
P 

be
 ≤

 1
/1

0 
of

 th
e 

ar
ea

 s
ca

nn
ed

.  
Ve

ss
el

 e
xa

m
in

at
io

ns
 d

iff
er

 fr
om

 
pi

pi
ng

 in
 th

at
 s

ur
fa

ce
 g

eo
m

et
ric

 c
on

di
tio

ns
 a

re
 

ge
ne

ra
lly

 s
ig

ni
fic

an
tly

 le
ss

 o
f a

 p
ro

bl
em

 fo
r O

.D
. 

ex
am

in
at

io
ns

.  
Fo

r I
.D

. e
xa

m
in

at
io

ns
, t

he
 c

la
d 

ro
ug

hn
es

s 
ca

n 
be

 a
n 

is
su

e 
if 

th
e 

cl
ad

di
ng

 is
 in

 th
e 

as
-

w
el

de
d 

co
nd

iti
on

 fo
r a

 s
in

gl
e-

w
ire

 c
la

d 
pr

oc
es

s.
 

4.
2 

 S
iz

in
g 

A
cc

ep
ta

nc
e 

C
rit

er
ia

.  
Ex

am
in

at
io

n 
pr

oc
ed

ur
es

, e
qu

ip
m

en
t, 

an
d 

pe
rs

on
ne

l a
re

 q
ua

lif
ie

d 
fo

r s
iz

in
g 

if 
th

e 
re

su
lts

 o
f t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sa
tis

fy
 

th
e 

fo
llo

w
in

g 
cr

ite
ria

: 

 

(a
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 le

ng
th

s 
es

tim
at

ed
 b

y 
ul

tra
so

ni
cs

, a
s 

co
m

pa
re

d 
to

 th
e 

tru
e 

le
ng

th
s,

 s
ha

ll 
no

t e
xc

ee
d 

0.
75

 in
. (

19
 m

m
) 

Th
e 

le
ng

th
 s

iz
in

g 
re

qu
ire

m
en

t o
rig

in
al

ly
 w

as
 

−1
/4

 in
. (

6.
4 

m
m

) t
o 

+1
 in

. (
25

.4
 m

m
) o

f t
he

 a
ct

ua
l 

le
ng

th
.  

Th
e 

−1
/4

 in
. (

6.
4 

m
m

) w
as

 u
nr

ea
lis

tic
 a

nd
 th

e 
re

qu
ire

m
en

t w
as

 u
pd

at
ed

 to
 R

M
S

 e
rr

or
 a

nd
 th

e 
ba

si
s 

is
 th

e 
sa

m
e 

as
 th

at
 fo

r p
ip

in
g 

in
 S

up
pl

em
en

t 2
. 

(b
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 d

ep
th

s 
es

tim
at

ed
 b

y 
th

e 
ul

tra
so

ni
cs

, a
s 

co
m

pa
re

d 
to

 
th

e 
tru

e 
de

pt
hs

, s
ha

ll 
no

t e
xc

ee
d 

0.
15

 in
. (

4 
m

m
) 

Th
e 

or
ig

in
al

 re
qu

ire
m

en
ts

 w
er

e 
as

 fo
llo

w
s:

 
• 

N
o 

fla
w

 is
 u

nd
er

si
ze

d 
fo

r d
ep

th
 b

y 
m

or
e 

th
an

 
0.

2 
in

. (
5.

1 
m

m
). 

• 
Sl

op
e 

of
 th

e 
lin

ea
r r

eg
re

ss
io

n 
lin

e 
is

 n
ot

 le
ss

 th
an

 
0.

7.
  

• 
Th

e 
m

ea
n 

de
vi

at
io

n 
of

 fl
aw

 d
ep

th
 is

 le
ss

 th
an

 
0.

25
 in

. (
6.

4 
m

m
). 

• 
Th

e 
co

rr
el

at
io

n 
co

ef
fic

ie
nt

 is
 n

ot
 le

ss
 th

an
 0

.7
0.
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 
Th

is
 w

as
 c

ha
ng

ed
 to

 a
n 

R
M

S 
er

ro
r c

rit
er

io
n 

to
 

si
m

pl
ify

 th
e 

ev
al

ua
tio

n 
pr

oc
es

s.
  H

ow
ev

er
, t

he
 d

ep
th

 
si

zi
ng

 e
rr

or
 is

 la
rg

er
 th

an
 th

at
 fo

r p
ip

in
g.

  T
he

 b
as

is
 fo

r 
th

is
 is

 th
at

 if
 th

e 
in

sp
ec

tio
n 

is
 fr

om
 th

e 
I.D

., 
th

en
 th

e 
m

ea
su

re
m

en
t i

s 
m

ad
e 

th
ro

ug
h 

cl
ad

di
ng

, w
hi

ch
 

in
tro

du
ce

s 
a 

la
rg

er
 e

rr
or

.  
If 

th
e 

m
ea

su
re

m
en

t i
s 

m
ad

e 
fro

m
 th

e 
O

.D
. o

f t
he

 c
om

po
ne

nt
, t

he
n 

a 
ve

ry
 lo

ng
 

m
et

al
 p

at
h 

is
 in

vo
lv

ed
, w

hi
ch

 a
ls

o 
in

cr
ea

se
s 

th
e 

m
ea

su
re

m
en

t e
rr

or
. 

EP
R

I a
s 

th
e 

ad
m

in
is

tra
to

r o
f P

D
I p

ro
vi

de
d 

da
ta

 
th

at
 s

ho
w

ed
 th

at
 in

sp
ec

to
rs

 w
er

e 
no

t a
bl

e 
to

 m
ee

t t
he

 
sa

m
e 

cr
ite

ria
 a

s 
fo

r p
ip

in
g.

   
4.

3 
 S

in
gl

e-
Si

de
 A

cc
ep

ta
nc

e 
C

rit
er

ia
 

 
(a

) D
em

on
st

ra
tio

ns
 p

er
fo

rm
ed

 a
cc

or
di

ng
 to

 3
.3

(a
) s

ha
ll 

m
ee

t t
he

 a
pp

lic
ab

le
 

re
qu

ire
m

en
ts

 o
f 3

.1
 fo

r f
la

w
s 

lo
ca

te
d 

w
ith

in
 th

e 
in

ne
r 1

0%
 o

f t
he

 v
es

se
l t

hi
ck

ne
ss

. 
(b

) T
he

 s
up

pl
em

en
ta

l p
ro

ce
du

re
 d

em
on

st
ra

tio
n 

of
 3

.3
 is

 a
cc

ep
ta

bl
e 

w
he

n 
al

l f
la

w
s 

de
sc

rib
ed

 in
 2

.3
 a

re
 d

et
ec

te
d 

in
 a

cc
or

da
nc

e 
w

ith
 th

e 
ev

al
ua

tio
n 

cr
ite

ria
 q

ua
lif

ie
d 

in
 

3.
3(

c)
. 

Th
e 

ba
si

s 
fo

r s
in

gl
e-

si
de

d 
in

sp
ec

tio
ns

 is
 th

at
 th

e 
pr

oc
ed

ur
e 

ha
s 

al
re

ad
y 

su
cc

es
sf

ul
ly

 p
as

se
d 

th
e 

pe
r-

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
fo

r u
nl

im
ite

d 
ac

ce
ss

.  
Th

is
 

ca
n 

be
 c

on
si

de
re

d 
an

 e
xp

an
si

on
 o

f t
he

 q
ua

lif
ie

d 
pr

oc
ed

ur
e 

sc
op

e,
 w

hi
ch

 is
 th

e 
re

as
on

 th
at

 th
es

e 
de

m
on

st
ra

tio
n 

re
su

lts
 a

re
 b

ei
ng

 a
dd

ed
 to

 th
os

e 
fo

r t
he

 
un

lim
ite

d 
ac

ce
ss

 re
su

lts
 o

r t
he

 s
in

gl
e-

si
de

 re
su

lts
 fr

om
 

Su
pp

le
m

en
t 6

. 
  

 



  

 3-43  

3.
2.

5 
SU

PP
LE

M
EN

T 
5 

—
 Q

U
A

LI
FI

C
A

TI
O

N
 R

EQ
U

IR
EM

EN
TS

 F
O

R
 N

O
ZZ

LE
 E

XA
M

IN
A

TI
O

N
 F

R
O

M
 T

H
E 

O
U

TS
ID

E 
SU

R
FA

C
E 

Th
is

 s
up

pl
em

en
t w

as
 c

ha
ng

ed
 s

ig
ni

fic
an

tly
 in

 th
e 

Ju
ly

 2
00

5 
Ad

de
nd

a 
so

 th
at

 it
 n

ow
 fo

cu
se

s 
on

 ju
st

 th
e 

no
zz

le
 in

si
de

 c
or

ne
r r

eg
io

ns
 

an
d 

in
ne

r 1
5%

 o
f t

he
 fe

rri
tic

 n
oz

zl
e-

to
-s

he
ll 

w
el

d 
on

ly
 fo

r w
he

n 
th

e 
ex

am
in

at
io

n 
is

 c
on

du
ct

ed
 fr

om
 th

e 
O

.D
.  

Th
es

e 
tw

o 
ar

ea
s 

us
e 

th
e 

sa
m

e 
in

sp
ec

tio
n 

pr
oc

ed
ur

e 
so

 th
ey

 w
er

e 
in

te
gr

at
ed

 in
 th

is
 s

up
pl

em
en

t. 
 O

th
er

 p
ar

ts
 o

f t
he

 n
oz

zl
e-

re
la

te
d 

in
sp

ec
tio

n 
vo

lu
m

es
 a

re
 

ad
dr

es
se

d 
by

 S
up

pl
em

en
ts

 4
 a

nd
 6

.  
Th

is
 s

up
pl

em
en

t w
as

 d
ev

el
op

ed
 b

y 
th

e 
Ta

sk
 G

ro
up

 A
pp

en
di

x 
VI

II,
 w

ith
 th

e 
ba

si
s 

pr
ov

id
ed

 b
y 

th
e 

EP
R

I N
D

E 
C

en
te

r. 
 

SU
PP

LE
M

EN
T 

5 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 N
O

ZZ
LE

 E
XA

M
IN

AT
IO

N
 F

R
O

M
 T

H
E 

O
U

TS
ID

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
1.

0 
 S

C
O

PE
 

 
Th

is
 S

up
pl

em
en

t i
s 

ap
pl

ic
ab

le
 to

 e
xa

m
in

at
io

n 
of

 fe
rr

iti
c 

no
zz

le
 in

si
de

-c
or

ne
r r

eg
io

ns
 

an
d 

th
e 

in
ne

r 1
5%

 o
f f

er
rit

ic
 n

oz
zl

e-
to

-s
he

ll 
w

el
ds

 w
he

n 
sc

an
ni

ng
 fo

r f
la

w
s 

or
ie

nt
ed

 
pe

rp
en

di
cu

la
r t

o 
th

e 
w

el
d.

  D
em

on
st

ra
tio

n 
on

 c
la

d 
no

zz
le

 m
oc

ku
ps

 m
ay

 b
e 

us
ed

 fo
r 

ex
am

in
at

io
n 

of
 u

nc
la

d 
no

zz
le

s.
  D

em
on

st
ra

tio
ns

 p
er

fo
rm

ed
 o

n 
un

cl
ad

 n
oz

zl
e 

m
oc

ku
ps

 
sh

al
l n

ot
 b

e 
us

ed
 fo

r e
xa

m
in

at
io

n 
of

 c
la

d 
no

zz
le

s.
  S

up
pl

em
en

t 4
 q

ua
lif

ic
at

io
n 

is
 re

qu
ire

d 
w

he
n 

sc
an

ni
ng

 fo
r f

la
w

s 
or

ie
nt

ed
 p

ar
al

le
l t

o 
fe

rr
iti

c 
no

zz
le

-to
-s

he
ll 

w
el

ds
.  

S
up

pl
em

en
t 6

 
qu

al
ifi

ca
tio

n 
is

 re
qu

ire
d 

fo
r t

he
 o

ut
er

 8
5%

 o
f f

er
rit

ic
 n

oz
zl

e-
to

-s
he

ll 
w

el
ds

. 

C
la

rif
ie

s 
w

ha
t v

ol
um

e 
is

 b
ei

ng
 in

sp
ec

te
d 

an
d 

fro
m

 
w

hi
ch

 c
om

po
ne

nt
 s

ur
fa

ce
. 
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SU
PP

LE
M

EN
T 

5 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 N
O

ZZ
LE

 E
XA

M
IN

AT
IO

N
 F

R
O

M
 T

H
E 

O
U

TS
ID

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 

 

Th
is

 n
ew

 c
on

ce
pt

 w
as

 in
tro

du
ce

d 
ba

se
d 

on
 w

or
k 

co
nd

uc
te

d 
at

 th
e 

E
PR

I N
D

E 
C

en
te

r (
E

PR
I 1

99
7)

.  
Th

is
 

w
or

k 
sh

ow
ed

 th
at

 O
.D

. i
ns

pe
ct

io
ns

 fr
om

 th
e 

co
m

pl
ex

 
ge

om
et

rie
s 

be
tw

ee
n 

th
e 

no
zz

le
 O

.D
. a

nd
 th

e 
I.D

. c
an

 
le

ad
 to

 in
sp

ec
tio

n 
an

gl
es

 a
t t

he
 fl

aw
 lo

ca
tio

ns
, w

hi
ch

 
m

ak
es

 d
et

ec
tio

n 
ex

tre
m

el
y 

ch
al

le
ng

in
g.

  T
hu

s,
 it

 w
as

 
pr

op
os

ed
 a

nd
 a

pp
ro

ve
d 

th
at

 e
ac

h 
no

zz
le

 to
 b

e 
in

sp
ec

te
d 

fro
m

 th
e 

O
.D

. r
eq

ui
re

s 
a 

m
od

el
in

g 
an

al
ys

is
 

to
 d

et
er

m
in

e 
w

ha
t t

he
 m

is
or

ie
nt

at
io

n 
an

gl
e 

w
ou

ld
 b

e 
at

 
th

e 
fla

w
 fo

r t
he

 in
sp

ec
tio

n 
an

gl
es

 p
ro

po
se

d 
in

 th
e 

pr
oc

ed
ur

e.
  T

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

is
 th

en
 

co
nd

uc
te

d 
w

ith
 th

is
 m

is
or

ie
nt

at
io

n 
an

gl
e 

be
co

m
in

g 
qu

al
ifi

ed
.  

W
he

n 
a 

no
zz

le
 in

 th
e 

fie
ld

 is
 in

sp
ec

te
d,

 th
e 

in
sp

ec
to

r m
us

t s
ho

w
 th

at
 a

ll 
lo

ca
tio

ns
 w

ill
 b

e 
in

so
ni

fie
d 

w
ith

 th
e 

fla
w

 im
pi

ng
em

en
t a

ng
le

s 
al

w
ay

s 
be

in
g 

le
ss

 
th

an
 th

e 
m

is
or

ie
nt

at
io

n 
an

gl
e 

th
at

 w
as

 d
em

on
st

ra
te

d.
 

 
 

2.
0 

 M
O

D
EL

IN
G

 R
EQ

U
IR

EM
EN

TS
 

 
Th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

sh
al

l i
nc

lu
de

 o
r p

ro
vi

de
 fo

r t
he

 fo
llo

w
in

g.
 

Th
is

 d
ef

in
es

 th
e 

m
od

el
in

g 
pr

oc
es

s 
fo

r d
et

er
m

in
in

g 
th

e 
m

is
or

ie
nt

at
io

n 
an

gl
es

. 
2.

1 
 A

 c
om

pu
ta

tio
na

l m
od

el
 th

at
 c

al
cu

la
te

s 
m

is
or

ie
nt

at
io

n 
an

gl
es

, t
he

 m
ax

im
um

 
m

et
al

 p
at

h 
di

st
an

ce
 to

 th
e 

re
qu

ire
d 

ex
am

in
at

io
n 

vo
lu

m
e,

 a
nd

 th
e 

an
gl

e 
at

 th
e 

fla
w

 
(n

om
in

al
 in

sp
ec

tio
n 

an
gl

e)
.  

M
is

or
ie

nt
at

io
n 

an
gl

e 
an

d 
th

e 
an

gl
e 

at
 th

e 
fla

w
 is

 s
ho

w
n 

in
 

Fi
g.

 V
III

-S
5-

1.
  T

he
se

 c
al

cu
la

tio
ns

 a
pp

ly
 to

 th
e 

ce
nt

ra
l r

ay
 o

f t
he

 u
ltr

as
on

ic
 b

ea
m

.  
Th

e 
m

od
el

in
g 

pr
oc

es
s 

an
d 

as
so

ci
at

ed
 e

ss
en

tia
l v

ar
ia

bl
es

 s
ha

ll 
be

 id
en

tif
ie

d 
an

d 
de

fin
ed

. 

 

2.
2 

 A
 s

ta
te

m
en

t t
ha

t s
pe

ci
fie

s 
th

e 
ex

am
in

at
io

n 
su

rfa
ce

 a
nd

 th
e 

as
so

ci
at

ed
 

m
ax

im
um

 a
cc

ep
ta

bl
e 

m
is

or
ie

nt
at

io
n 

an
gl

e 
an

d 
m

et
al

 p
at

h,
 a

nd
 th

e 
ra

ng
e 

of
 a

ng
le

s 
at

 
th

e 
fla

w
 fo

r t
he

 e
xa

m
in

at
io

ns
. 
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SU
PP

LE
M

EN
T 

5 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 N
O

ZZ
LE

 E
XA

M
IN

AT
IO

N
 F

R
O

M
 T

H
E 

O
U

TS
ID

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
2.

3 
 D

iv
is

io
n 

of
 th

e 
su

rfa
ce

 o
f t

he
 re

qu
ire

d 
ex

am
in

at
io

n 
vo

lu
m

e 
in

to
 g

rid
s 

of
 1

.0
 in

. 
(2

5 
m

m
) o

r l
es

s 
in

 th
e 

no
zz

le
 a

xi
s 

di
re

ct
io

n 
an

d 
10

 d
eg

 o
r l

es
s 

of
 a

zi
m

ut
h.

 
Th

is
 s

ys
te

m
at

ic
al

ly
 b

re
ak

s 
up

 th
e 

in
sp

ec
tio

n 
su

rfa
ce

 in
to

 s
m

al
l e

no
ug

h 
ar

ea
s 

to
 e

ns
ur

e 
th

at
 a

ll 
in

sp
ec

tio
n 

lo
ca

tio
ns

 a
re

 in
cl

ud
ed

 in
 th

e 
ca

lc
ul

at
io

ns
. 

2.
4 

 T
he

 m
is

or
ie

nt
at

io
n 

an
gl

e,
 m

et
al

 p
at

h 
di

st
an

ce
, a

nd
 a

ng
le

 a
t t

he
 fl

aw
 in

 e
ac

h 
gr

id
 

ce
ll 

lo
ca

tio
n 

fo
r e

ac
h 

se
ar

ch
 u

ni
t o

r s
ca

n 
sh

al
l b

e 
do

cu
m

en
te

d.
  A

lte
rn

at
iv

el
y,

 w
he

n 
m

ul
tip

le
 s

ea
rc

h 
un

its
 w

ith
 d

iff
er

en
t s

ke
w

 o
r i

nc
id

en
t a

ng
le

s 
ar

e 
us

ed
, t

he
 s

ea
rc

h 
un

it 
or

 
sc

an
 th

at
 p

ro
du

ce
s 

th
e 

m
in

im
um

 m
is

or
ie

nt
at

io
n 

an
gl

e 
an

d 
th

e 
as

so
ci

at
ed

 m
et

al
 p

at
h 

an
d 

an
gl

e 
at

 th
e 

fla
w

 in
 e

ac
h 

gr
id

 c
el

l l
oc

at
io

n 
sh

al
l b

e 
do

cu
m

en
te

d.
 

Th
is

 re
qu

ire
s 

do
cu

m
en

tin
g 

ev
er

yt
hi

ng
 to

 e
ns

ur
e 

th
at

 th
e 

w
or

st
-c

as
e 

m
is

or
ie

nt
at

io
n 

an
gl

es
 a

re
 d

ef
in

ed
 

fo
r e

ac
h 

no
zz

le
 a

nd
 in

sp
ec

tio
n 

lo
ca

tio
n.

 

 
 

3.
0 

 C
O

N
D

U
C

T 
O

F 
PE

R
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

S 
 

3.
1 

 S
pe

ci
m

en
 R

eq
ui

re
m

en
ts

.  
D

em
on

st
ra

tio
n 

sp
ec

im
en

s 
sh

al
l m

ee
t t

he
 fo

llo
w

in
g 

re
qu

ire
m

en
ts

. 
Th

is
 re

qu
ire

s 
th

at
 re

al
is

tic
 a

nd
 re

pr
es

en
ta

tiv
e 

co
m

po
ne

nt
s 

ar
e 

us
ed

 fo
r t

he
 d

em
on

st
ra

tio
n.

 
(a

) T
w

o 
or

 m
or

e 
fu

ll-
si

ze
 o

r s
ec

tio
ns

 o
f f

ul
l-s

iz
e 

no
zz

le
 m

oc
ku

ps
 s

ha
ll 

be
 u

se
d.

  
Sp

ec
im

en
s 

sh
al

l h
av

e 
su

ffi
ci

en
t v

ol
um

e 
to

 m
in

im
iz

e 
sp

ur
io

us
 re

fle
ct

io
ns

. 
Se

ve
ra

l n
oz

zl
e 

m
oc

ku
ps

 n
ee

d 
to

 b
e 

in
cl

ud
ed

 s
o 

th
at

 th
e 

w
id

e 
ra

ng
e 

of
 n

oz
zl

es
 th

at
 a

re
 in

 s
er

vi
ce

 a
re

 
re

pr
es

en
te

d.
 

(b
) N

oz
zl

e 
m

oc
ku

p 
m

at
er

ia
l a

nd
 c

on
fig

ur
at

io
ns

 s
ha

ll 
be

 re
pr

es
en

ta
tiv

e 
of

 n
oz

zl
es

 
in

st
al

le
d 

in
 o

pe
ra

tin
g 

re
ac

to
r v

es
se

ls
, b

ut
 m

ay
 b

e 
an

y 
th

ic
kn

es
s,

 d
ia

m
et

er
, o

r r
ad

iu
s 

su
ita

bl
e 

fo
r d

em
on

st
ra

tio
n 

in
 a

cc
or

da
nc

e 
w

ith
 3

.2
 o

r 3
.5

. 

 

(c
) T

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sh
al

l b
e 

on
 th

e 
sa

m
e 

ty
pe

 o
f c

la
dd

in
g 

as
 th

at
 to

 
be

 e
xa

m
in

ed
, w

ith
 th

e 
fo

llo
w

in
g 

ex
ce

pt
io

ns
. 

Th
es

e 
ar

e 
th

e 
sa

m
e 

cl
ad

di
ng

 re
qu

ire
m

en
ts

 th
at

 
ar

e 
in

 S
up

pl
em

en
t 4

. 
(1

) D
em

on
st

ra
tio

n 
on

 s
hi

el
de

d 
m

et
al

 a
rc

 w
el

di
ng

 (S
M

AW
) s

in
gl

e-
w

ire
 c

la
dd

in
g 

is
 

tra
ns

fe
ra

bl
e 

to
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 p

ro
ce

ss
. 

 

(2
) D

em
on

st
ra

tio
ns

 o
n 

m
ul

tip
le

-w
ire

 o
r s

tri
p-

cl
ad

 a
re

 c
on

si
de

re
d 

eq
ui

va
le

nt
 b

ut
 

ar
e 

no
t t

ra
ns

fe
ra

bl
e 

to
 S

M
A

W
-ty

pe
 c

la
d.

 
 

(d
) T

he
 s

ur
fa

ce
 c

on
di

tio
n 

of
 th

e 
te

st
 s

pe
ci

m
en

s 
sh

al
l b

e 
re

pr
es

en
ta

tiv
e 

of
 th

e 
ge

ne
ra

l 
co

nd
iti

on
 o

f t
he

 v
es

se
l s

ca
nn

in
g 

su
rfa

ce
. 

R
eq

ui
re

s 
re

pr
es

en
ta

tiv
e 

su
rfa

ce
 c

on
di

tio
ns

. 

(e
) T

he
 d

et
ec

tio
n 

te
st

 m
at

rix
 s

ha
ll 

in
cl

ud
e 

fla
w

s 
w

ith
 th

e 
fo

llo
w

in
g 

de
sc

rip
tio

n.
 

Th
e 

fla
w

s 
ar

e 
in

 th
e 

in
ne

r r
eg

io
n 

of
 th

e 
no

zz
le

, s
o 

th
e 

re
qu

ire
m

en
ts

 a
re

 c
on

si
st

en
t w

ith
 th

os
e 

in
 

Su
pp

le
m

en
t 4

. 
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R
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C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(1

) F
la

w
 ty

pe
.  

At
 le

as
t 5

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

.  
Th

e 
ba

la
nc

e 
sh

al
l b

e 
cr

ac
ks

, f
ab

ric
at

io
n 

fla
w

s 
(e

.g
., 

sl
ag

, l
ac

k 
of

 fu
si

on
), 

or
 m

ac
hi

ne
d 

no
tc

he
s.

  N
ot

ch
es

 s
ha

ll 
ha

ve
 a

 m
ax

im
um

 w
id

th
 o

f 0
.0

10
 in

. (
0.

25
 m

m
) a

t t
he

 ti
p.

  T
he

 w
id

th
 a

t t
he

 c
la

d-
to

-b
as

e-
m

et
al

 in
te

rfa
ce

 s
ha

ll 
no

t e
xc

ee
d 

0.
02

0 
in

. (
0.

50
 m

m
). 

Th
e 

ta
rg

et
 fl

aw
s 

fo
r t

hi
s 

ex
am

in
at

io
n 

ar
e 

cr
ac

ks
 

in
iti

at
ed

 b
y 

th
er

m
al

 c
yc

lin
g 

an
d 

th
en

 g
ro

w
n 

by
 

su
cc

es
si

ve
 c

yc
lin

g 
of

 re
ac

to
r s

ta
rt 

up
 a

nd
 s

hu
t d

ow
ns

 
an

d 
lo

w
 te

m
pe

ra
tu

re
 o

ve
r-

pr
es

su
riz

at
io

n 
(L

TO
P)

 
ev

en
ts

.  
C

ra
ck

s 
re

po
rte

d 
in

 th
e 

ev
en

ts
 d

es
cr

ib
ed

 in
 

N
U

R
EG

-0
61

9 
(N

R
C

 1
98

0)
 w

er
e 

ve
ry

 ro
ug

h 
an

d 
op

en
.  

Th
e 

te
ch

ni
qu

es
 to

 b
e 

qu
al

ifi
ed

 in
 th

is
 s

up
pl

em
en

t a
re

 
ba

se
d 

on
 th

e 
m

ax
im

um
 m

is
or

ie
nt

at
io

n 
of

 th
e 

so
un

d 
be

am
 w

ith
 th

e 
fla

w
 fa

ce
.  

Th
e 

re
la

tiv
el

y 
sm

oo
th

 fa
ce

 o
f 

th
e 

no
tc

he
s 

w
ou

ld
 re

qu
ire

 a
 s

m
al

le
r r

an
ge

 o
f 

m
is

or
ie

nt
at

io
ns

 a
nd

 th
us

 a
 m

or
e 

st
rin

ge
nt

 q
ua

lif
ic

at
io

n.
  

Th
er

e 
ar

e 
a 

m
ix

tu
re

 o
f f

la
w

s 
an

d 
no

tc
he

s,
 a

nd
 

re
sp

on
se

 a
m

pl
itu

de
s 

m
ay

 b
e 

co
m

pa
re

d.
  H

ow
ev

er
, t

he
 

pr
im

ar
y 

ob
je

ct
iv

e 
is

 th
e 

de
m

on
st

ra
tio

n 
of

 th
e 

ra
ng

e 
of

 
m

is
or

ie
nt

at
io

n 
an

gl
es

 w
hi

ch
 a

re
 e

ffe
ct

iv
e.

 
Th

e 
ac

ce
pt

ab
ilit

y 
of

 th
is

 m
ax

im
um

 ti
p 

ra
di

us
/w

id
th

 
re

qu
ire

m
en

t i
s 

no
t k

no
w

n.
  I

n 
re

vi
ew

in
g 

th
e 

P
IS

C
 II

 
pa

ra
m

et
ric

 s
tu

di
es

 (C
ru

tz
en

 e
t a

l. 
19

89
), 

P
IS

C
 II

 
fa

br
ic

at
ed

 a
 n

um
be

r o
f a

rti
fic

ia
l f

la
w

s 
ha

vi
ng

 ti
p 

ra
di

i u
p 

to
 0

.0
01

2 
in

. (
0.

03
 m

m
), 

an
d 

th
es

e 
fla

w
s 

pr
ov

id
ed

 ti
p 

re
sp

on
se

s 
w

ith
in

 1
 d

B 
of

 th
at

 fo
r a

 h
yd

ra
ul

ic
al

ly
 g

ro
w

n 
fa

tig
ue

 c
ra

ck
 w

ith
 a

 ti
p 

ra
di

us
 le

ss
 th

an
 0

.0
00

00
4 

in
. 

(0
.0

00
1 

m
m

). 
 H

ow
ev

er
, P

IS
C

 II
 d

id
 n

ot
 q

ua
nt

ify
 h

ow
 

th
e 

tip
 re

sp
on

se
 w

ou
ld

 c
ha

ng
e 

as
 th

e 
tip

 ra
di

us
 

be
co

m
es

 la
rg

er
 th

an
 0

.0
01

2 
in

. (
0.

03
 m

m
). 

 T
hu

s,
 

w
ith

ou
t f

ur
th

er
 re

se
ar

ch
, t

he
re

 is
 n

o 
fir

m
 te

ch
ni

ca
l 

ba
si

s 
to

 re
so

lv
e 

th
is

 is
su

e.
 

(2
) T

he
 fl

aw
 s

iz
es

 s
ha

ll 
be

 d
is

tri
bu

te
d 

in
 th

ro
ug

h-
w

al
l d

ep
th

s 
am

on
g 

th
e 

ra
ng

es
: 

 
(a

) 0
.0

75
 to

 0
.2

00
 in

. (
1.

90
 m

m
 to

 5
.0

8 
m

m
) 

(b
) 0

.2
01

 to
 0

.3
50

 in
. (

5.
09

 m
m

 to
 8

.8
9 

m
m

) 
(c

) 0
.3

51
 to

 0
.5

50
 in

. (
8.

90
 m

m
 to

 1
3.

97
 m

m
) 

(d
) 0

.5
51

 to
 0

.7
50

 in
. (

13
.9

8 
m

m
 to

 1
9.

05
 m

m
) 

 

(f)
 F

la
w

s 
in

 th
e 

no
zz

le
 in

si
de

 ra
di

us
 s

ec
tio

n 
sh

al
l b

e 
un

ifo
rm

ly
 d

is
tri

bu
te

d 
in

 
ex

am
in

at
io

n 
zo

ne
s 

A 
an

d 
B

 o
f F

ig
. V

III
-S

5-
2.

  A
t l

ea
st

 5
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

lo
ca

te
d 

w
ith

in
 ±

45
 d

eg
 o

f n
oz

zl
e 

az
im

ut
h 

an
gl

es
 9

0 
de

g 
or

 2
70

 d
eg

. 

Be
ca

us
e 

th
er

e 
ar

e 
se

ve
ra

l z
on

es
 w

he
re

 th
e 

fla
w

s 
m

ay
 b

e 
lo

ca
te

d,
 th

is
 re

qu
ire

m
en

t p
ro

vi
de

s 
gu

id
an

ce
 fo

r 
th

e 
fla

w
 lo

ca
tio

ns
 n

ee
de

d 
in

 th
e 

m
oc

ku
ps

. 
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H
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C
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(g

) A
ll 

fla
w

s 
sh

al
l b

e 
lo

ca
te

d 
in

 th
e 

re
qu

ire
d 

ex
am

in
at

io
n 

vo
lu

m
e 

an
d 

sh
al

l b
e 

or
ie

nt
ed

 in
 th

e 
ra

di
al

 a
xi

al
 p

la
ne

 a
s 

sh
ow

n 
in

 F
ig

. I
W

B
-2

50
0-

7.
 

 

(h
) F

la
w

 lo
ca

tio
n 

an
d 

sp
ec

im
en

 id
en

tif
ic

at
io

n 
sh

al
l b

e 
ob

sc
ur

ed
 to

 m
ai

nt
ai

n 
a 

“b
lin

d 
te

st
.” 

 

3.
2 

 P
ro

ce
du

re
 Q

ua
lif

ic
at

io
n 

D
em

on
st

ra
tio

ns
 

 
(a

) T
he

 q
ua

lif
ic

at
io

n 
sh

al
l d

em
on

st
ra

te
 th

e 
fo

llo
w

in
g:

 
(1

) e
xa

m
in

at
io

n 
su

rfa
ce

s 
to

 b
e 

us
ed

, i
.e

., 
ve

ss
el

 p
la

te
, o

ut
er

 b
le

nd
 ra

di
us

, a
nd

 
no

zz
le

 b
os

s 
(2

) m
ax

im
um

 m
et

al
 p

at
h 

le
ng

th
 

(3
) m

ax
im

um
 m

is
or

ie
nt

at
io

n 
an

gl
es

 
(4

) r
an

ge
 o

f a
ng

le
s 

at
 th

e 
fla

w
 

Th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

w
ill 

in
cl

ud
e 

al
l o

f 
th

e 
es

se
nt

ia
l v

ar
ia

bl
es

 a
ss

oc
ia

te
d 

w
ith

 th
e 

co
m

pl
ex

 
ge

om
et

rie
s 

of
 n

oz
zl

es
.  

Al
l o

f t
he

se
 m

us
t b

e 
do

cu
m

en
te

d 
so

 th
at

 w
he

n 
in

sp
ec

tio
ns

 a
re

 p
er

fo
rm

ed
 in

 
th

e 
fie

ld
, t

he
 re

al
 g

eo
m

et
rie

s 
w

ill 
be

 u
se

d.
  I

t w
ill 

ne
ed

 
to

 b
e 

sh
ow

n 
th

at
 a

ll 
th

e 
in

sp
ec

tio
n 

co
nd

iti
on

s 
fa

ll 
w

ith
in

 
w

ha
t h

as
 b

ee
n 

de
m

on
st

ra
te

d.
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(b

) T
he

 d
em

on
st

ra
tio

n 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 1

0 
fla

w
s 

fo
r d

et
ec

tio
n 

an
d 

si
zi

ng
, i

n 
on

e 
or

 m
or

e 
m

oc
ku

ps
.  

At
 le

as
t o

ne
 b

ut
 n

o 
m

or
e 

th
an

 tw
o 

fla
w

s 
sh

al
l b

e 
lo

ca
te

d 
in

 th
e 

no
zz

le
-to

-v
es

se
l w

el
d.

  A
t l

ea
st

 5
0%

 o
f t

he
 fl

aw
s 

in
 th

e 
de

m
on

st
ra

tio
n 

te
st

 s
et

 m
us

t b
e 

cr
ac

ks
, a

nd
 th

e 
m

ax
im

um
 m

is
or

ie
nt

at
io

n 
sh

al
l b

e 
de

m
on

st
ra

te
d 

w
ith

 c
ra

ck
s.

  F
la

w
s 

in
 

no
zz

le
s 

w
ith

 b
or

e 
di

am
et

er
s 

no
t e

xc
ee

di
ng

 4
 in

. (
10

0 
m

m
) m

ay
 b

e 
no

tc
he

s.
  T

he
 

de
m

on
st

ra
tio

n 
te

st
 s

et
 s

ha
ll 

co
nt

ai
n 

a 
re

pr
es

en
ta

tiv
e 

di
st

rib
ut

io
n 

(e
.g

., 
de

pt
hs

, 
ex

am
in

at
io

n 
zo

ne
s,

 a
nd

 fl
aw

 a
zi

m
ut

h 
lo

ca
tio

ns
) o

f f
la

w
s.

 

Sp
ec

ifi
ca

tio
n 

of
 th

e 
nu

m
be

r o
f f

la
w

s 
ne

ed
ed

 fo
r t

he
 

de
m

on
st

ra
tio

n 
an

d 
ot

he
r s

pe
ci

fic
s 

as
so

ci
at

ed
 w

ith
 th

ei
r 

lo
ca

tio
n.

  B
ec

au
se

 o
f t

he
 d

iff
ic

ul
ty

 in
 p

ut
tin

g 
sm

al
l 

cr
ac

ks
 o

f k
no

w
n 

di
m

en
si

on
 in

 c
ur

ve
d 

te
st

 s
pe

ci
m

en
s,

 
th

e 
us

e 
of

 u
p 

to
 5

0%
 n

on
cr

ac
ks

 w
er

e 
pe

rm
itt

ed
 b

y 
th

e 
N

R
C

. 

(c
) T

he
 in

iti
al

 d
em

on
st

ra
tio

n 
sh

al
l b

e 
a 

bl
in

d 
te

st
. 

Th
is

 re
qu

ire
s 

th
at

 th
e 

in
iti

al
 d

em
on

st
ra

tio
n 

be
 

co
nd

uc
te

d 
in

 a
 b

lin
d 

m
an

ne
r. 

 If
 th

er
e 

is
 a

 n
ee

d 
to

 
ex

te
nd

 th
e 

pr
oc

ed
ur

e,
 th

is
 m

ay
 b

e 
pe

rfo
rm

ed
 b

lin
d 

or
 

no
nb

lin
d.

  H
ow

ev
er

, i
f i

t i
s 

to
 b

e 
pe

rfo
rm

ed
 n

on
bl

in
d,

 
th

en
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

m
us

t b
e 

ve
ry

 d
et

ai
le

d 
to

 a
llo

w
 a

n 
in

de
pe

nd
en

t e
va

lu
at

or
 to

 re
ac

h 
th

e 
sa

m
e 

in
te

rp
re

ta
tio

n.
 

3.
3 

 P
ro

ce
du

re
s 

U
si

ng
 M

ul
tip

le
 S

ea
rc

h 
U

ni
ts

 
 

(a
) A

fte
r a

 s
uc

ce
ss

fu
l i

ni
tia

l d
em

on
st

ra
tio

n,
 th

e 
pr

oc
ed

ur
e 

m
ay

 b
e 

ex
te

nd
ed

 b
y 

no
nb

lin
d 

de
m

on
st

ra
tio

ns
 o

n 
at

 le
as

t o
ne

 fl
aw

 u
si

ng
 s

ca
n 

pa
ra

m
et

er
s 

ca
lc

ul
at

ed
 to

 
pr

ov
id

e 
th

e 
de

si
re

d 
m

ax
im

um
 p

at
h 

le
ng

th
, m

is
or

ie
nt

at
io

n 
an

gl
e,

 o
r a

ng
le

 a
t t

he
 fl

aw
.  

D
et

ec
tio

n 
sh

al
l b

e 
de

m
on

st
ra

te
d 

to
 s

pe
ci

fic
 c

rit
er

ia
 li

st
ed

 in
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

fo
r a

ny
 e

xp
an

si
on

 o
f p

ro
ce

du
re

 s
co

pe
. 

Th
is

 s
ec

tio
n 

de
fin

es
 w

ha
t i

s 
m

ea
nt

 b
y 

an
 

ex
te

ns
io

n 
of

 a
 q

ua
lif

ie
d 

pr
oc

ed
ur

e.
 

(b
) T

hi
s 

de
m

on
st

ra
tio

n 
sh

al
l n

ot
 b

e 
pe

rfo
rm

ed
 s

uc
ce

ss
iv

el
y 

or
 in

cr
ea

se
 th

e 
m

is
or

ie
nt

at
io

n 
an

gl
e 

or
 a

ng
le

 a
t t

he
 fl

aw
 b

y 
m

or
e 

th
an

 9
 d

eg
 o

r t
he

 m
ax

im
um

 m
et

al
 p

at
h 

by
 m

or
e 

th
an

 3
0%

. 

Th
es

e 
re

qu
ire

m
en

ts
 li

m
it 

th
e 

ex
te

nt
 o

f t
he

 
pr

oc
ed

ur
e 

ex
te

ns
io

n.
  E

xc
ee

di
ng

 th
es

e 
va

lu
es

 re
qu

ire
s 

a 
fu

ll 
bl

in
d 

de
m

on
st

ra
tio

n.
 

(c
) Q

ua
lif

ic
at

io
n 

of
 o

th
er

 e
ss

en
tia

l v
ar

ia
bl

es
 re

qu
ire

s 
at

 le
as

t o
ne

 a
cc

ep
ta

bl
e 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n 
te

st
. 

Fo
r e

ss
en

tia
l v

ar
ia

bl
es

 o
th

er
 th

an
 m

is
or

ie
nt

at
io

n 
an

gl
es

 o
r p

at
h 

le
ng

th
, a

t l
ea

st
 o

ne
 s

uc
ce

ss
fu

l b
lin

d 
pe

rs
on

ne
l q

ua
lif

ic
at

io
n 

te
st

 is
 re

qu
ire

d.
  T

hi
s 

pr
ov

id
es

 
ev

id
en

ce
 th

at
 th

e 
pr

oc
ed

ur
e 

is
 e

ffe
ct

iv
e 

in
 d

et
ec

tin
g 

fla
w

s 
in

 th
e 

ex
te

nd
ed

 ra
ng

e.
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U
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 F

O
R

 N
O

ZZ
LE

 E
XA

M
IN

AT
IO

N
 F

R
O

M
 T

H
E 

O
U

TS
ID

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
3.

4 
 P

ro
ce

du
re

 Q
ua

lif
ic

at
io

n 
D

oc
um

en
ta

tio
n 

(a
) T

he
 e

xa
m

in
at

io
n 

pr
oc

ed
ur

e,
 m

od
el

in
g 

pr
og

ra
m

 a
nd

 m
et

ho
ds

, a
nd

 q
ua

lif
ic

at
io

n 
re

su
lts

 s
ha

ll 
be

 d
oc

um
en

te
d 

to
 th

e 
ex

te
nt

 n
ec

es
sa

ry
 to

 d
et

er
m

in
e 

th
at

 in
se

rv
ic

e 
ex

am
in

at
io

ns
 p

ro
du

ce
 e

qu
iv

al
en

t o
r s

m
al

le
r m

is
or

ie
nt

at
io

n 
an

gl
es

 th
an

 th
e 

pr
oc

ed
ur

e 
de

m
on

st
ra

te
d.

 

Th
is

 s
ec

tio
n 

de
fin

es
 w

ha
t m

us
t b

e 
do

cu
m

en
te

d 
so

 
th

at
 w

he
n 

in
sp

ec
tio

ns
 a

re
 c

on
du

ct
ed

 in
 th

e 
fie

ld
, i

t c
an

 
be

 d
et

er
m

in
ed

 if
 th

e 
co

m
po

ne
nt

 fa
lls

 w
ith

in
 w

ha
t w

as
 

de
m

on
st

ra
te

d.
  B

ec
au

se
 o

f t
he

 c
om

pl
ex

ity
 o

f n
oz

zl
es

, 
co

m
pu

te
r m

od
el

in
g 

pr
og

ra
m

s 
m

us
t b

e 
us

ed
 to

 e
ns

ur
e 

co
ve

ra
ge

.  
Th

e 
m

od
el

in
g 

de
ve

lo
pe

d 
by

 E
PR

I (
19

97
) 

ha
s 

be
en

 v
al

id
at

ed
 to

 c
or

re
ct

ly
 id

en
tif

y 
m

is
or

ie
nt

at
io

n 
an

gl
es

 in
 th

e 
la

rg
e 

ra
ng

e 
of

 n
oz

zl
e 

ge
om

et
rie

s.
  T

he
 

m
od

el
in

g 
re

su
lts

 p
re

se
nt

ed
 b

y 
ex

am
in

at
io

n 
ve

nd
or

s 
ar

e 
co

m
pa

re
d 

to
 th

e 
EP

R
I m

od
el

 a
nd

 th
e 

di
ffe

re
nc

es
 if

 
an

y 
ar

e 
re

co
nc

ile
d 

an
d 

re
co

rd
ed

 in
 th

e 
qu

al
ifi

ca
tio

n 
do

cu
m

en
ts

. 
(b

) T
he

 q
ua

lif
ie

d 
es

se
nt

ia
l v

ar
ia

bl
es

 a
ss

oc
ia

te
d 

w
ith

 th
e 

m
ax

im
um

 m
et

al
 p

at
h,

 
m

is
or

ie
nt

at
io

n 
an

gl
es

, a
nd

 ra
ng

e 
of

 a
ng

le
s 

at
 th

e 
fla

w
 s

ha
ll 

be
 d

ef
in

ed
 b

y 
th

e 
m

od
el

 
do

cu
m

en
ta

tio
n.

  I
nd

iv
id

ua
l f

la
w

 v
al

id
at

io
n 

is
 n

ot
 re

qu
ire

d 
ex

ce
pt

 fo
r n

on
bl

in
d 

ex
pa

ns
io

ns
 

of
 s

co
pe

. 

 

3.
5 

 P
er

so
nn

el
 Q

ua
lif

ic
at

io
n 

Th
is

 s
ec

tio
n 

de
fin

es
 th

e 
pe

rs
on

ne
l q

ua
lif

ic
at

io
n.

  
N

ot
ic

e 
th

at
 a

 S
up

pl
em

en
t 4

 q
ua

lif
ic

at
io

n 
is

 a
 

pr
er

eq
ui

si
te

 fo
r t

he
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n.
  B

ec
au

se
 

of
 th

is
 p

re
re

qu
is

ite
 a

nd
 th

e 
ex

te
ns

iv
e 

de
m

on
st

ra
tio

n 
of

 
th

e 
pr

oc
ed

ur
e,

 th
e 

ac
tu

al
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

is
 o

nl
y 

a 
sa

m
pl

in
g 

of
 th

e 
co

nd
iti

on
s 

an
d 

do
es

 n
ot

 
re

qu
ire

 th
e 

fu
ll 

ra
ng

e 
of

 e
ss

en
tia

l v
ar

ia
bl

es
 b

e 
de

m
on

st
ra

te
d 

by
 e

ac
h 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n.
 

(a
) P

er
so

nn
el

 s
ha

ll 
be

 q
ua

lif
ie

d 
in

 a
cc

or
da

nc
e 

w
ith

 th
e 

re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 
4,

 fo
r t

he
 s

am
e 

ty
pe

 o
f p

ro
ce

du
re

 (m
an

ua
l o

r a
ut

om
at

ed
), 

fro
m

 th
e 

ou
ts

id
e 

su
rfa

ce
, u

si
ng

 
th

e 
sa

m
e 

ty
pe

 o
f i

ns
tru

m
en

ts
 a

nd
 d

at
a 

re
co

rd
in

g 
an

d 
an

al
ys

is
 e

qu
ip

m
en

t, 
an

d 
th

e 
fo

llo
w

in
g 

ad
di

tio
na

l r
eq

ui
re

m
en

ts
. 

 

(1
) S

uc
ce

ss
fu

l d
em

on
st

ra
tio

n 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 th

re
e 

ad
di

tio
na

l f
la

w
s.

 
 

(2
) E

xa
m

in
at

io
ns

 s
ha

ll 
be

 c
on

du
ct

ed
 fr

om
 e

ac
h 

of
 th

e 
sc

an
 s

ur
fa

ce
s 

co
ve

re
d 

by
 

th
e 

pr
oc

ed
ur

e.
 

 

(3
) T

he
 c

an
di

da
te

 s
ha

ll 
de

m
on

st
ra

te
 a

 s
el

ec
tio

n 
of

 e
ss

en
tia

l v
ar

ia
bl

es
 c

ov
er

ed
 

by
 th

e 
pr

oc
ed

ur
e,

 b
ut

 n
ee

d 
no

t d
em

on
st

ra
te

 th
e 

fu
ll 

ra
ng

e.
 

 

(b
) T

he
 d

em
on

st
ra

tio
n 

te
st

 s
et

 s
ha

ll 
co

nt
ai

n 
a 

re
pr

es
en

ta
tiv

e 
di

st
rib

ut
io

n 
(e

.g
., 

de
pt

hs
, e

xa
m

in
at

io
n 

zo
ne

s,
 a

nd
 fl

aw
 a

zi
m

ut
h 

lo
ca

tio
ns

) o
f f

la
w

s.
  F

la
w

s 
in

 th
e 

no
zz

le
-to

-
ve

ss
el

 w
el

d 
ar

e 
no

t r
eq

ui
re

d 
fo

r p
er

so
nn

el
 d

em
on

st
ra

tio
n.
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R
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M
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H
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C
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
3.

6 
 A

cc
ep

ta
nc

e 
C

rit
er

ia
 

 
(a

) E
xa

m
in

at
io

n 
pr

oc
ed

ur
es

 a
nd

 e
qu

ip
m

en
t a

re
 q

ua
lif

ie
d 

fo
r d

et
ec

tio
n 

if 
ea

ch
 fl

aw
 is

 
de

te
ct

ed
 a

nd
 id

en
tif

ie
d 

at
 th

e 
pr

op
er

 a
zi

m
ut

h 
w

ith
in

 th
e 

gr
ea

te
r o

f ±
1 

in
. (

25
 m

m
) o

r 1
0%

 
of

 th
e 

m
et

al
 p

at
h.

  T
he

 n
um

be
r o

f f
al

se
 c

al
ls

 s
ha

ll 
no

t e
xc

ee
d 

D
/1

0 
(D

/2
54

) r
ou

nd
ed

 u
p 

to
 th

e 
ne

xt
 w

ho
le

 n
um

be
r, 

w
ith

 a
 m

ax
im

um
 o

f 3
, w

he
re

 D
 is

 th
e 

no
m

in
al

 n
oz

zl
e 

in
si

de
 

di
am

et
er

, i
n.

 (m
m

). 
 If

 o
nl

y 
a 

po
rti

on
 o

f a
 n

oz
zl

e 
is

 e
xa

m
in

ed
, p

ro
po

rti
on

al
 c

re
di

t f
or

 fa
ls

e 
ca

lls
 s

ha
ll 

be
 a

llo
w

ed
.  

Pe
rs

on
ne

l a
re

 q
ua

lif
ie

d 
if 

ea
ch

 o
f t

he
 fl

aw
s 

pr
es

en
te

d 
ar

e 
de

te
ct

ed
 a

t t
he

 p
ro

pe
r a

zi
m

ut
h 

w
ith

in
 th

e 
gr

ea
te

r o
f ±

1 
in

. (
25

 m
m

) o
r 1

0%
 o

f t
he

 m
et

al
 

pa
th

 a
nd

 id
en

tif
ie

d 
w

ith
 n

o 
fa

ls
e 

ca
lls

. 

Th
e 

ra
tio

na
le

 fo
r t

he
 fa

ls
e 

ca
ll 

is
 s

im
ila

r t
o 

th
at

 in
 

Su
pp

le
m

en
t 4

, b
ut

 it
 s

ho
ul

d 
be

 n
ot

ed
 th

at
 it

 w
as

 
de

ci
de

d 
to

 re
la

te
 th

is
 to

 th
e 

di
am

et
er

 o
f t

he
 n

oz
zl

e 
ve

rs
us

 th
e 

ar
ea

 th
at

 is
 s

ca
nn

ed
.  

Th
e 

ot
he

r t
ol

er
an

ce
s 

ar
e 

co
ns

is
te

nt
 w

ith
 lo

ca
tio

n 
er

ro
r c

rit
er

ia
 in

 o
th

er
 

Ap
pe

nd
ix

 V
III

 s
up

pl
em

en
ts

 fo
r t

hi
ck

-s
ec

tio
n 

st
ee

l 
co

m
po

ne
nt

s.
 

(b
) E

xa
m

in
at

io
n 

pr
oc

ed
ur

es
 a

nd
 e

qu
ip

m
en

t a
re

 q
ua

lif
ie

d 
fo

r d
ep

th
 s

iz
in

g 
if 

th
e 

re
su

lts
 o

f t
he

 s
iz

in
g 

de
m

on
st

ra
tio

n 
m

ee
t t

he
 re

qu
ire

m
en

ts
 o

f S
up

pl
em

en
t 4

.  
P

er
so

nn
el

 
ar

e 
qu

al
ifi

ed
 if

 th
e 

re
su

lts
 fr

om
 th

e 
de

pt
h 

si
zi

ng
 te

st
, w

he
n 

ad
de

d 
to

 th
e 

re
su

lts
 fr

om
 

Su
pp

le
m

en
t 4

, m
et

 th
e 

ac
ce

pt
an

ce
 c

rit
er

ia
 o

f S
up

pl
em

en
t 4

. 

Be
ca

us
e 

th
is

 is
 a

n 
ex

te
ns

io
n 

of
 s

iz
in

g 
fro

m
 

Su
pp

le
m

en
t 4

 a
nd

 o
nl

y 
a 

lim
ite

d 
nu

m
be

r o
f f

la
w

s 
ar

e 
us

ed
, t

he
 p

as
s/

fa
il 

cr
ite

rio
n 

is
 b

as
ed

 o
n 

co
m

bi
ni

ng
 th

e 
re

su
lts

 fr
om

 b
ot

h 
su

pp
le

m
en

ts
. 

(c
) E

xa
m

in
at

io
n 

pr
oc

ed
ur

es
 a

nd
 e

qu
ip

m
en

t a
re

 q
ua

lif
ie

d 
fo

r l
en

gt
h 

si
zi

ng
 if

 th
e 

de
vi

at
io

n 
be

tw
ee

n 
m

ea
su

re
d 

le
ng

th
 a

nd
 tr

ue
 le

ng
th

 d
oe

s 
no

t e
xc

ee
d 

0.
75

 in
. (

19
 m

m
). 

 
Le

ng
th

 s
iz

in
g 

is
 re

qu
ire

d 
on

ly
 fo

r f
la

w
s 

in
 th

e 
no

zz
le

-to
-s

he
ll 

w
el

d.
  N

o 
ad

di
tio

na
l 

pe
rs

on
ne

l q
ua

lif
ic

at
io

ns
 a

re
 re

qu
ire

d.
 

Th
is

 is
 c

on
si

st
en

t w
ith

 o
th

er
 s

up
pl

em
en

ts
. 

 
 

4.
0 

 F
IE

LD
 E

XA
M

IN
AT

IO
N

S 
 

4.
1 

 T
o 

de
m

on
st

ra
te

 th
at

 th
e 

pr
op

os
ed

 e
xa

m
in

at
io

n 
va

ria
bl

es
 a

re
 w

ith
in

 th
e 

bo
un

ds
 

of
 th

e 
qu

al
ifi

ed
 d

em
on

st
ra

tio
n,

 th
e 

co
m

pu
ta

tio
na

l m
od

el
 re

qu
ire

m
en

ts
 d

ef
in

ed
 in

 2
.0

 s
ha

ll 
be

 a
pp

lie
d 

in
 c

on
ju

nc
tio

n 
w

ith
 e

ac
h 

fie
ld

 e
xa

m
in

at
io

n.
  D

oc
um

en
ta

tio
n 

sh
al

l b
e 

pr
ov

id
ed

 
fo

r e
ac

h 
no

zz
le

 e
xa

m
in

at
io

n 
ap

pl
ic

at
io

n.
 

Th
is

 s
ec

tio
n 

re
qu

ire
s 

th
at

 in
sp

ec
tio

ns
 in

 th
e 

fie
ld

 
be

 s
ho

w
n 

to
 b

e 
w

ith
in

 th
e 

pa
ra

m
et

er
s 

de
m

on
st

ra
te

d 
an

d 
m

od
el

ed
. 

4.
2 

 M
od

el
in

g 
ne

ed
 n

ot
 b

e 
ap

pl
ie

d 
fo

r r
ep

ea
te

d 
ex

am
in

at
io

n 
of

 th
e 

sa
m

e 
or

 id
en

tic
al

 
no

zz
le

s.
  

 

4.
3 

 A
s 

an
 a

lte
rn

at
iv

e 
to

 S
up

pl
em

en
t 5

, i
f t

he
 q

ua
lif

ie
d 

m
od

el
 in

di
ca

te
s 

th
at

 th
e 

m
ax

im
um

 m
is

or
ie

nt
at

io
n 

an
gl

e 
is

 1
0 

de
g 

or
 le

ss
, e

xa
m

in
at

io
n 

of
 th

e 
no

zz
le

-to
-v

es
se

l 
w

el
d 

m
ay

 b
e 

pe
rfo

rm
ed

 u
si

ng
 p

er
so

nn
el

, p
ro

ce
du

re
s,

 a
nd

 e
qu

ip
m

en
t q

ua
lif

ie
d 

in
 

ac
co

rd
an

ce
 w

ith
 S

up
pl

em
en

t 4
.  

Th
e 

ex
am

in
at

io
ns

 s
ha

ll 
be

 c
on

du
ct

ed
 fr

om
 th

e 
ve

ss
el

 
sh

el
l, 

an
d 

th
e 

co
m

po
ne

nt
 m

at
er

ia
ls

 a
nd

 s
iz

es
 s

ha
ll 

be
 w

ith
in

 th
e 

sc
op

e 
of

 th
e 

qu
al

ifi
ed

 
pr

oc
ed

ur
e.

  T
he

 S
up

pl
em

en
t 4

 p
ro

ce
du

re
 e

ss
en

tia
l v

ar
ia

bl
es

 s
ha

ll 
be

 d
em

on
st

ra
te

d 
on

 a
 

sp
ec

im
en

 m
ee

tin
g 

th
e 

re
qu

ire
m

en
ts

 o
f 3

.1
(b

) t
ha

t c
on

ta
in

s 
at

 le
as

t o
ne

 n
on

bl
in

d 
fla

w
, 

or
ie

nt
ed

 p
er

pe
nd

ic
ul

ar
 to

 th
e 

w
el

d,
 in

 th
e 

in
ne

r 1
5%

 o
f t

he
 v

ol
um

e.
  T

he
 d

em
on

st
ra

tio
n 

sh
al

l m
ee

t t
he

 a
pp

lic
ab

le
 re

qu
ire

m
en

ts
 o

f 3
.6

(a
) f

or
 d

et
ec

tio
n 

an
d 

3.
6(

b)
 a

nd
 3

.6
(c

) f
or

 
si

zi
ng

.  
N

o 
ad

di
tio

na
l p

er
so

nn
el

 q
ua

lif
ic

at
io

ns
 a

re
 re

qu
ire

d.
 

Th
is

 is
 a

n 
al

te
rn

at
iv

e 
of

fe
re

d 
fo

r t
ho

se
 c

as
es

 in
 

w
hi

ch
 m

od
el

in
g 

sh
ow

s 
th

at
 th

e 
m

ax
im

um
 

m
is

or
ie

nt
at

io
n 

an
gl

e 
is

 ≤
 1

0 
de

gr
ee

s.
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3.
2.

6 
SU

PP
LE

M
EN

T 
6 

—
 Q

U
A

LI
FI

C
A

TI
O

N
 R

EQ
U

IR
EM

EN
TS

 F
O

R
 R

EA
C

TO
R

 V
ES

SE
L 

W
EL

D
S 

O
TH

ER
 T

H
A

N
 

C
LA

D
/B

A
SE

 M
ET

A
L 

IN
TE

R
FA

C
E 

Th
is

 c
ov

er
s 

th
e 

re
m

ai
nd

er
 o

f t
he

 v
es

se
l w

al
l o

ut
si

de
 th

e 
cl

ad
/b

as
e 

m
et

al
 in

te
rfa

ce
, a

nd
 v

es
se

ls
 w

ith
ou

t c
la

dd
in

g.
 

 SU
PP

LE
M

EN
T 

6 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 R
EA

C
TO

R
 V

ES
SE

L 
W

EL
D

S 
O

TH
ER

 T
H

AN
 C

LA
D

/B
AS

E 
M

ET
AL

 
IN

TE
R

FA
C

E 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

1.
0 

 S
C

O
PE

 
 

Th
is

 S
up

pl
em

en
t a

pp
lie

s 
to

 u
nc

la
d 

fe
rr

iti
c 

co
m

po
ne

nt
s 

an
d 

th
e 

ou
te

r 8
5%

 o
f c

la
d 

fe
rr

iti
c 

co
m

po
ne

nt
s.

 
 

 
 

2.
0 

 S
PE

C
IM

EN
 R

EQ
U

IR
EM

EN
TS

 
 

Q
ua

lif
ic

at
io

n 
te

st
 s

pe
ci

m
en

s 
sh

al
l m

ee
t t

he
 re

qu
ire

m
en

ts
 li

st
ed

 h
er

ei
n 

un
le

ss
 a

 s
et

 o
f 

sp
ec

im
en

s 
is

 d
es

ig
ne

d 
to

 a
cc

om
m

od
at

e 
sp

ec
ifi

c 
lim

ita
tio

ns
 s

ta
te

d 
in

 th
e 

sc
op

e 
of

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e.
  T

he
 s

am
e 

sp
ec

im
en

s 
m

ay
 b

e 
us

ed
 to

 d
em

on
st

ra
te

 b
ot

h 
de

te
ct

io
n 

an
d 

si
zi

ng
 q

ua
lif

ic
at

io
n.

 

 

2.
1 

 D
et

ec
tio

n 
Sp

ec
im

en
s.

  D
et

ec
tio

n 
sp

ec
im

en
s,

 w
hi

ch
 m

ay
 b

e 
fu

ll-
sc

al
e 

m
oc

k-
up

s,
 s

ha
ll 

co
nf

or
m

 to
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

. 
 

(a
) S

pe
ci

m
en

s 
sh

al
l h

av
e 

su
ffi

ci
en

t v
ol

um
e 

to
 m

in
im

iz
e 

sp
ur

io
us

 re
fle

ct
io

ns
.  

Sp
ec

im
en

 le
ng

th
 a

nd
 w

id
th

 s
ha

ll 
be

 a
t l

ea
st

 1
2 

in
. (

30
0 

m
m

). 
 T

he
re

 s
ha

ll 
be

 a
t l

ea
st

 
10

 s
q 

ft 
(1

 s
q 

m
) o

f s
ca

n 
su

rfa
ce

 in
 th

e 
sp

ec
im

en
 s

et
. 

Ad
eq

ua
te

 te
st

 s
pe

ci
m

en
s 

ar
e 

ne
ed

ed
 to

 e
ns

ur
e 

th
at

 th
er

e 
ar

e 
no

 p
ro

bl
em

s 
w

ith
 s

pu
rio

us
 s

ig
na

ls
 a

nd
 

th
at

 th
e 

sp
ec

im
en

s 
ar

e 
ad

eq
ua

te
 fo

r m
ee

tin
g 

th
e 

su
rfa

ce
 re

qu
ire

m
en

ts
 fo

r m
ea

su
rin

g 
fa

ls
e 

ca
ll 

ra
te

s.
 

(b
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
co

nt
ai

n 
at

 le
as

t o
ne

 s
am

pl
e 

th
at

 is
 a

t l
ea

st
 9

0%
 o

f t
he

 
m

ax
im

um
 th

ic
kn

es
s 

to
 b

e 
ex

am
in

ed
. T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
co

nt
ai

n 
on

e 
or

 m
or

e 
fla

w
s 

in
 

ea
ch

 o
f t

he
 lo

ca
tio

ns
 a

nd
 s

iz
e 

ra
ng

es
 s

ho
w

n 
in

 T
ab

le
 V

III
-S

6-
1.

 

R
eq

ui
re

s 
th

at
 th

e 
la

rg
es

t t
hi

ck
ne

ss
 b

e 
in

cl
ud

ed
 in

 
th

e 
te

st
 s

et
 b

ec
au

se
 th

is
 is

 o
ne

 o
f t

he
 v

er
y 

ch
al

le
ng

in
g 

es
se

nt
ia

l v
ar

ia
bl

es
. 

(c
) W

he
n 

th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
re

qu
ire

s 
th

e 
ex

am
in

at
io

n 
to

 b
e 

pe
rfo

rm
ed

 fr
om

 
th

e 
ve

ss
el

 I.
D

. (
cl

ad
 s

ur
fa

ce
), 

th
e 

cl
ad

di
ng

 o
n 

th
e 

m
oc

ku
p 

sh
al

l b
e 

of
 th

e 
sa

m
e 

ty
pe

 a
s 

th
e 

cl
ad

di
ng

 o
n 

th
e 

co
m

po
ne

nt
 to

 b
e 

ex
am

in
ed

, w
ith

 th
e 

fo
llo

w
in

g 
ex

ce
pt

io
ns

: 

C
on

si
st

en
t w

ith
 c

la
dd

in
g 

re
qu

ire
m

en
ts

 in
 

Su
pp

le
m

en
ts

 4
 a

nd
 5

. 

(1
) d

em
on

st
ra

tio
n 

on
 s

hi
el

de
d 

m
et

al
 a

rc
 w

el
d 

(S
M

AW
) s

in
gl

e-
w

ire
 c

la
dd

in
g 

is
 

tra
ns

fe
ra

bl
e 

to
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 p

ro
ce

ss
es

; 
 

(2
) d

em
on

st
ra

tio
n 

on
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 is

 c
on

si
de

re
d 

eq
ui

va
le

nt
 b

ut
 is

 
no

t t
ra

ns
fe

ra
bl

e 
to

 S
M

AW
-ty

pe
 c

la
d.

 
 

(d
) T

he
 s

ur
fa

ce
 c

on
di

tio
n 

of
 th

e 
te

st
 s

pe
ci

m
en

s 
sh

al
l b

e 
re

pr
es

en
ta

tiv
e 

of
 th

e 
ge

ne
ra

l 
co

nd
iti

on
 o

f t
he

 v
es

se
l s

ca
nn

in
g 

su
rfa

ce
. 

Su
rfa

ce
 c

on
di

tio
ns

 a
ffe

ct
 th

e 
in

sp
ec

tio
ns

, s
o 

th
os

e 
on

 th
e 

de
m

on
st

ra
tio

n 
sp

ec
im

en
s 

m
us

t b
e 

re
pr

es
en

ta
-

tiv
e 

of
 fi

el
d 

co
nd

iti
on

s.
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SU
PP
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EN
T 

6 
—

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 R
EA

C
TO

R
 V

ES
SE

L 
W

EL
D

S 
O

TH
ER

 T
H

AN
 C

LA
D

/B
AS

E 
M

ET
AL

 
IN

TE
R

FA
C

E 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(e
) T

he
 d

et
ec

tio
n 

te
st

 m
at

rix
 s

ha
ll 

in
cl

ud
e 

fla
w

s 
w

ith
 th

e 
fo

llo
w

in
g 

de
sc

rip
tio

n.
 

 
(1

) F
la

w
 T

yp
e.

  A
t l

ea
st

 5
5%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

cr
ac

ks
.  

Th
e 

ba
la

nc
e 

sh
al

l b
e 

cr
ac

ks
 o

r f
ab

ric
at

io
n 

fla
w

s 
(e

.g
., 

sl
ag

, l
ac

k 
of

 fu
si

on
). 

R
eq

ui
re

s 
th

at
 th

e 
fla

w
s 

ar
e 

cr
ac

ks
 o

r f
ab

ric
at

io
n 

fla
w

s.
 

(2
) D

et
ec

tio
n 

an
d 

si
zi

ng
 e

xa
m

in
at

io
ns

 s
ha

ll 
in

cl
ud

e 
su

rfa
ce

-c
on

ne
ct

ed
 fl

aw
s 

or
 

fla
w

s 
w

ith
 u

nf
la

w
ed

 li
ga

m
en

ts
 o

f m
or

e 
th

an
 0

.2
 in

. (
5 

m
m

). 
 P

ro
ce

du
re

 d
em

on
st

ra
tio

ns
 

sh
al

l i
nc

lu
de

 e
xa

m
pl

es
 o

f b
ot

h.
 

Fl
aw

s 
ne

ar
 th

e 
co

m
po

ne
nt

 s
ur

fa
ce

 m
us

t b
e 

in
cl

ud
ed

 in
 th

e 
te

st
 s

et
. 

(3
) F

la
w

s 
sh

al
l b

e 
or

ie
nt

ed
 e

ith
er

 p
ar

al
le

l o
r p

er
pe

nd
ic

ul
ar

 to
 th

e 
cl

ad
 d

ire
ct

io
n 

±1
0 

de
g.

  F
or

 p
ro

ce
du

re
 q

ua
lif

ic
at

io
n,

 a
t l

ea
st

 4
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

in
cl

ud
ed

 in
 e

ac
h 

or
ie

nt
at

io
n.

  F
or

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n,

 a
t l

ea
st

 2
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

in
cl

ud
ed

 in
 

ea
ch

 o
rie

nt
at

io
n.

 

Fl
aw

 o
rie

nt
at

io
n 

re
la

tiv
e 

to
 th

e 
cl

ad
 la

y 
di

re
ct

io
n 

is
 

im
po

rta
nt

, a
nd

 a
 ra

ng
e 

of
 fl

aw
s 

co
ve

rin
g 

th
es

e 
or

ie
nt

a-
tio

ns
 is

 in
cl

ud
ed

.  
Th

e 
nu

m
be

r a
t e

ac
h 

or
ie

nt
at

io
n 

is
 

no
t s

pe
ci

fie
d 

so
 th

at
 th

e 
te

st
 c

an
 re

m
ai

n 
bl

in
d.

 
(4

) F
la

w
s 

fo
r t

he
 d

et
ec

tio
n 

te
st

 m
at

rix
 s

ha
ll 

be
 s

el
ec

te
d 

fro
m

 T
ab

le
 V

III
-S

6-
1.

  
Th

e 
fla

w
s 

se
le

ct
ed

 s
ha

ll 
pr

ov
id

e 
a 

de
m

on
st

ra
tio

n 
of

 th
e 

m
in

im
um

 a
nd

 m
ax

im
um

 m
et

al
 

pa
th

 ra
ng

es
 to

 b
e 

de
m

on
st

ra
te

d 
as

 w
el

l a
s 

a 
re

pr
es

en
ta

tiv
e 

di
st

rib
ut

io
n 

of
 fl

aw
 s

iz
es

 a
nd

 
lo

ca
tio

ns
. 

Th
e 

m
in

im
um

 a
nd

 m
ax

im
um

 m
et

al
 p

at
hs

 m
us

t b
e 

in
cl

ud
ed

 in
 th

e 
de

m
on

st
ra

tio
n 

an
d 

co
ve

r a
 ra

ng
e 

of
 

th
ro

ug
h-

w
al

l d
ep

th
 s

iz
es

 a
s 

sp
ec

ifi
ed

 in
 T

ab
le

 V
III

-
S6

-1
. 

(5
) F

or
 in

iti
al

 p
ro

ce
du

re
 q

ua
lif

ic
at

io
n,

 th
e 

de
te

ct
io

n 
se

t s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
ts

.  
Q

ua
lif

ic
at

io
n 

of
 n

ew
 v

al
ue

s 
of

 e
ss

en
tia

l 
va

ria
bl

es
 re

qu
ire

s 
at

 le
as

t o
ne

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
t. 

 P
ro

ce
du

re
 q

ua
lif

ic
at

io
n 

fla
w

s 
sh

al
l b

e 
un

ifo
rm

ly
 d

is
tri

bu
te

d 
ov

er
 th

e 
ra

ng
es

 d
ef

in
ed

 in
 T

ab
le

 V
III

-S
6-

1.
  T

he
 n

um
be

r o
f 

fla
w

s 
in

 a
 p

er
so

nn
el

 d
et

ec
tio

n 
de

m
on

st
ra

tio
n 

sh
al

l b
e 

se
le

ct
ed

 fr
om

 T
ab

le
 V

III
-S

4-
1.

 

As
 in

 o
th

er
 s

up
pl

em
en

ts
 th

e 
or

ig
in

al
 p

ro
ce

du
re

 
qu

al
ifi

ca
tio

n 
re

qu
ire

m
en

t r
eq

ui
re

d 
on

ly
 o

ne
 s

uc
ce

ss
fu

l 
pe

rs
on

ne
l q

ua
lif

ic
at

io
n.

  T
hi

s 
so

on
 p

ro
ve

d 
to

 b
e 

un
w

or
ka

bl
e 

fo
r b

ot
h 

au
to

m
at

ed
 a

nd
 m

an
ua

l 
pr

oc
ed

ur
es

. 
Th

e 
in

iti
al

 p
ro

ce
du

re
 d

em
on

st
ra

tio
n 

m
us

t m
ee

t t
he

 
ve

ry
 s

tri
ct

 s
ta

nd
ar

d 
of

 d
et

ec
tin

g 
al

l f
la

w
s 

in
 th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
ts

.  
Th

is
 

hi
gh

 s
ta

nd
ar

d 
w

as
 s

et
 to

 e
ns

ur
e 

th
at

 th
e 

pr
oc

ed
ur

e 
is

 
ve

ry
 ro

bu
st

 a
nd

 s
ho

ul
d 

le
ad

 to
 h

ig
h 

pa
ss

 ra
te

s 
fo

r 
pe

rs
on

ne
l. 

 P
N

N
L 

(H
ea

sl
er

 e
t a

l. 
20

00
) p

er
fo

rm
ed

 
ca

lc
ul

at
io

ns
 s

ho
w

in
g 

ho
w

 th
is

 w
ou

ld
 le

ad
 to

 h
ig

he
r 

pa
ss

 ra
te

s 
an

d 
pr

es
en

te
d 

th
is

 in
fo

rm
at

io
n 

to
 th

e 
AS

M
E 

C
od

e.
  T

hu
s,

 th
is

 in
fo

rm
at

io
n 

be
ca

m
e 

pa
rt 

of
 

th
e 

co
m

m
itt

ee
’s

 re
co

rd
s.

 
(6

) T
he

 re
qu

ire
m

en
ts

 o
f I

W
A

-3
00

0 
sh

al
l b

e 
us

ed
 to

 d
et

er
m

in
e 

if 
cl

os
el

y 
sp

ac
ed

 
fla

w
s 

ar
e 

to
 b

e 
tre

at
ed

 a
s 

se
pa

ra
te

 fl
aw

s.
 

Th
is

 re
la

te
s 

ac
ce

pt
ed

 fl
aw

 p
ro

xi
m

ity
 ru

le
s 

to
 h

ow
 

th
e 

fla
w

s 
in

 th
e 

de
m

on
st

ra
tio

n 
sp

ec
im

en
s 

ar
e 

to
 b

e 
ad

dr
es

se
d.
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U
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O
R

 R
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C
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L 
W

EL
D

S 
O

TH
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 T
H

AN
 C

LA
D

/B
AS

E 
M

ET
AL

 
IN

TE
R

FA
C

E 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

2.
2 

 S
iz

in
g 

Sp
ec

im
en

s 
 

(a
) P

er
so

nn
el

 q
ua

lif
ic

at
io

n 
te

st
 s

et
s 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 te
n 

fla
w

s.
  P

ro
ce

du
re

 
qu

al
ifi

ca
tio

n 
de

m
on

st
ra

tio
ns

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
ts

.  
At

 le
as

t 5
5%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

cr
ac

ks
 a

nd
 th

e 
ba

la
nc

e 
sh

al
l b

e 
fa

br
ic

at
io

n 
fla

w
s 

(s
la

g,
 la

ck
 o

f f
us

io
n)

. 

Th
is

 is
 th

e 
st

an
da

rd
 d

es
ig

n 
re

qu
iri

ng
 1

0 
fla

w
s 

to
 

be
 s

iz
ed

.  
B

ec
au

se
 m

an
y 

fa
br

ic
at

io
n 

fla
w

s 
ar

e 
ex

pe
ct

ed
 to

 b
e 

de
te

ct
ed

 in
 s

er
vi

ce
, t

he
y 

ar
e 

al
so

 
in

cl
ud

ed
 in

 th
e 

si
zi

ng
 d

em
on

st
ra

tio
n 

se
t. 

(b
) S

iz
in

g 
sp

ec
im

en
s 

sh
al

l c
on

fo
rm

 w
ith

 th
e 

re
qu

ire
m

en
ts

 o
f 2

.1
 (b

), 
2.

1 
(c

), 
2.

1 
(d

), 
an

d 
2.

1 
(e

), 
ex

ce
pt

 th
at

 th
e 

te
st

 m
at

rix
 s

ha
ll 

be
 s

el
ec

te
d 

fro
m

 th
e 

si
zi

ng
 a

nd
 d

et
ec

tio
n 

te
st

 fl
aw

s 
in

cl
ud

ed
 in

 T
ab

le
 V

III
-S

6-
1 

 

 
 

A 
ra

ng
e 

of
 fl

aw
 s

iz
es

 is
 in

cl
ud

ed
 in

 th
e 

de
te

ct
io

n 
an

d 
si

zi
ng

 d
em

on
st

ra
tio

n 
sa

m
pl

es
.  

Be
ca

us
e 

a 
fla

w
 

m
ay

 o
cc

ur
 a

ny
w

he
re

 in
 th

e 
th

ro
ug

h-
w

al
l l

oc
at

io
n,

 th
e 

sa
m

pl
es

 w
er

e 
de

si
gn

ed
 w

ith
 a

 ra
ng

e 
of

 fl
aw

 d
ep

th
 

si
ze

s 
th

ro
ug

h 
th

e 
th

ic
kn

es
s.

  T
hi

s 
ta

bl
e 

pr
ov

id
es

 
gu

id
an

ce
 o

n 
ho

w
 to

 in
cl

ud
e 

a 
ra

ng
e 

of
 fl

aw
 s

iz
es

 a
nd

 
th

ro
ug

h-
w

al
l l

oc
at

io
ns

. 
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R
at

io
na

le
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r R
eq
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m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 

Th
is

 is
 a

 d
ef

in
iti

on
 o

f s
ta

tis
tic

al
 p

ar
am

et
er

s 
fo

r u
se

 
w

ith
 th

e 
si

zi
ng

 a
cc

ep
ta

nc
e 

cr
ite

ria
.  
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 R
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U
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 F

O
R

 R
EA

C
TO

R
 V

ES
SE

L 
W

EL
D

S 
O

TH
ER

 T
H

AN
 C

LA
D

/B
AS

E 
M

ET
AL

 
IN

TE
R

FA
C

E 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

3.
0 

 C
O

N
D

U
C

T 
O

F 
PE

R
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

S 
 

3.
1 

 D
et

ec
tio

n 
Te

st
 

 
(a

) F
la

w
 lo

ca
tio

ns
 s

ha
ll 

be
 o

bs
cu

re
d 

so
 a

s 
to

 m
ai

nt
ai

n 
a 

“b
lin

d 
te

st
.” 

 D
iv

ul
ge

nc
e 

of
 

pa
rti

cu
la

r s
pe

ci
m

en
 re

su
lts

 o
r c

an
di

da
te

 v
ie

w
in

g 
of

 u
nm

as
ke

d 
sp

ec
im

en
s 

is
 p

ro
hi

bi
te

d.
 

Th
es

e 
te

st
s 

ar
e 

st
at

is
tic

al
ly

 d
es

ig
ne

d 
an

d 
ba

se
d 

on
 u

si
ng

 b
lin

d 
te

st
 s

pe
ci

m
en

s 
w

he
re

 th
e 

ex
am

in
er

 h
as

 
no

 k
no

w
le

dg
e 

of
 th

e 
nu

m
be

r, 
ty

pe
, a

nd
/o

r l
oc

at
io

n 
of

 
fla

w
s.

  T
es

tin
g 

co
nd

uc
te

d 
in

 a
 n

on
bl

in
d 

m
an

ne
r m

ay
 

be
 b

ia
se

d 
an

d 
of

 re
du

ce
d 

va
lu

e.
 

(b
) I

f a
 fl

aw
 is

 re
po

rte
d 

w
ith

in
 th

e 
gr

ea
te

r o
f 1

.0
 in

. (
25

 m
m

) o
r 1

0%
 o

f t
he

 m
et

al
 p

at
h 

le
ng

th
 to

 th
e 

fla
w

 fr
om

 it
s 

tru
e 

lo
ca

tio
n 

(x
, y

, a
nd

 z
), 

it 
sh

al
l b

e 
co

ns
id

er
ed

 d
et

ec
te

d.
  A

ll 
ot

he
r r

ep
or

te
d 

fla
w

s 
sh

al
l b

e 
co

ns
id

er
ed

 fa
ls

e 
ca

lls
. 

Th
is

 re
qu

ire
m

en
t o

rig
in

al
ly

 w
as

 0
.5

 in
. (

12
.7

 m
m

) 
bu

t w
as

 fo
un

d 
to

 b
e 

ov
er

ly
 re

st
ric

tiv
e 

co
m

pa
re

d 
to

 
w

ha
t c

an
 b

e 
ac

hi
ev

ed
 in

 a
ct

ua
l i

ns
pe

ct
io

ns
 o

n 
th

ic
k 

co
m

po
ne

nt
s.

  T
he

re
 a

re
 s

ev
er

al
 re

as
on

s 
w

hy
 lo

ca
tio

n 
ca

nn
ot

 b
e 

ex
ac

t, 
su

ch
 a

s 
sm

al
l s

ur
fa

ce
 c

ha
ng

es
 

(c
la

dd
in

g 
fin

is
h)

 th
at

 a
lte

r t
he

 in
sp

ec
tio

n 
an

gl
e 

an
d 

th
e 

va
ria

tio
n 

of
 a

co
us

tic
 v

el
oc

ity
 th

ro
ug

h 
th

e 
w

al
l o

f a
 

co
m

po
ne

nt
.  

Th
is

 n
ew

 v
al

ue
 w

as
 th

ou
gh

t t
o 

be
 

re
as

on
ab

le
 a

nd
 a

ch
ie

va
bl

e 
in

 e
xa

m
in

at
io

ns
.  

In
 

ad
di

tio
n,

 it
 w

as
 a

rg
ue

d 
th

at
 th

is
 lo

ca
tio

n 
er

ro
r w

ou
ld

 
no

t g
en

er
al

ly
 h

av
e 

an
 im

pa
ct

 o
n 

fla
w

 s
ev

er
ity

. 
3.

2 
 L

en
gt

h 
an

d 
D

ep
th

 S
iz

in
g 

Te
st

 
 

(a
) E

ac
h 

re
po

rte
d 

fla
w

 s
ha

ll 
be

 le
ng

th
 s

iz
ed

. 
Th

e 
de

te
ct

ed
 fl

aw
s 

ar
e 

to
 b

e 
le

ng
th

 s
iz

ed
, a

nd
 

10
 fl

aw
s 

m
us

t b
e 

us
ed

 in
 th

e 
as

se
ss

m
en

t o
f f

la
w

 
le

ng
th

 s
iz

in
g 

pe
rfo

rm
an

ce
.  

(b
) F

or
 th

e 
le

ng
th

 s
iz

in
g 

te
st

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 

fla
w

 in
 e

ac
h 

re
gi

on
. 

If 
on

ly
 th

e 
le

ng
th

 s
iz

in
g 

is
 b

ei
ng

 te
st

ed
, o

r i
f t

he
re

 
ar

e 
le

ss
 th

an
 1

0 
fla

w
s 

in
 th

e 
de

te
ct

io
n 

se
t, 

th
en

 
ad

di
tio

na
l f

la
w

s 
m

us
t b

e 
le

ng
th

 s
iz

ed
.  

Th
e 

lo
ca

tio
n 

of
 

th
e 

fla
w

s 
sh

al
l b

e 
sh

ow
n 

to
 th

e 
ca

nd
id

at
e.
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E 
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ET
AL

 
IN

TE
R

FA
C

E 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(c
) W

he
n 

on
ly

 d
ep

th
 s

iz
in

g 
is

 b
ei

ng
 te

st
ed

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
m

ax
im

um
 d

ep
th

 o
f t

he
 fl

aw
 in

 e
ac

h 
re

gi
on

. 

If 
on

ly
 d

ep
th

 s
iz

in
g 

is
 to

 b
e 

as
se

ss
ed

, t
he

 
ca

nd
id

at
e 

sh
al

l b
e 

sh
ow

n 
th

e 
re

gi
on

s 
co

nt
ai

ni
ng

 th
e 

fla
w

s 
to

 b
e 

de
pt

h 
si

ze
d.

  I
n 

pr
ac

tic
e,

 d
ep

th
 s

iz
in

g 
is

 
al

m
os

t a
lw

ay
s 

pe
rfo

rm
ed

 s
ep

ar
at

el
y 

as
 th

er
e 

is
 li

ttl
e 

re
as

on
 fo

r t
he

 c
an

di
da

te
 to

 a
tte

m
pt

 s
iz

in
g 

if 
th

ey
 h

av
e 

no
t a

lre
ad

y 
pa

ss
ed

 d
et

ec
tio

n 
an

d 
le

ng
th

 s
iz

in
g.

  
Se

co
nd

ly
, a

dd
iti

on
al

 fl
aw

s 
ar

e 
no

rm
al

ly
 a

dd
ed

 to
 

as
su

re
 th

at
 th

e 
te

st
 s

et
 m

ee
ts

 th
e 

re
qu

ire
m

en
ts

 fo
r 

de
pt

h 
si

zi
ng

 s
in

ce
 th

er
e 

ar
e 

su
bs

ta
nt

ia
l d

iff
er

en
ce

s 
be

tw
ee

n 
th

e 
fla

w
 te

st
 s

et
 re

qu
ire

m
en

ts
 fo

r d
et

ec
tio

n 
ve

rs
us

 d
ep

th
 s

iz
in

g.
 

3.
3 

 S
in

gl
e-

Si
de

 A
cc

es
s 

Th
es

e 
re

qu
ire

m
en

ts
 a

re
 c

on
si

st
en

t w
ith

 th
e 

ap
pr

oa
ch

 fo
llo

w
ed

 in
 S

up
pl

em
en

t 4
 fo

r s
in

gl
e-

si
de

 
ac

ce
ss

. 
(a

) Q
ua

lif
ic

at
io

n 
of

 p
er

so
nn

el
 a

nd
 p

ro
ce

du
re

s 
fo

r s
in

gl
e-

si
de

 a
cc

es
s 

sh
al

l b
e 

pe
rfo

rm
ed

 a
s 

in
 3

.1
, e

xc
ep

t t
ha

t a
cc

es
s 

sh
al

l b
e 

re
st

ric
te

d 
to

 o
ne

 d
ire

ct
io

n 
pa

ra
lle

l a
nd

 
on

e 
di

re
ct

io
n 

pe
rp

en
di

cu
la

r t
o 

th
e 

w
el

d.
 

 

 
 

4.
0 

 A
C

C
EP

TA
N

C
E 

C
R

IT
ER

IA
 

 
4.

1 
 D

et
ec

tio
n 

A
cc

ep
ta

nc
e 

C
rit

er
ia

 
 

(a
) P

ro
ce

du
re

 q
ua

lif
ic

at
io

n 
sh

al
l d

em
on

st
ra

te
 d

et
ec

ta
bi

lit
y 

of
 e

ac
h 

fla
w

 w
ith

in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e.

 
Th

e 
pr

oc
ed

ur
e 

de
m

on
st

ra
tio

n 
m

us
t d

et
ec

t a
ll 

fla
w

s 
in

 th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 d

em
on

st
ra

tio
n 

se
ts

. 
(b

) P
er

so
nn

el
 a

re
 q

ua
lif

ie
d 

if 
th

e 
re

su
lts

 o
f t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sa
tis

fy
 th

e 
ac

ce
pt

an
ce

 c
rit

er
ia

 o
f T

ab
le

 V
III

-S
4-

1 
an

d 
no

 s
ur

fa
ce

-c
on

ne
ct

ed
 fl

aw
 g

re
at

er
 th

an
 0

.2
5 

in
. (

6 
m

m
) d

ep
th

 o
r e

m
be

dd
ed

 fl
aw

 (d
is

ta
nc

e 
fro

m
 n

ea
re

st
 s

ur
fa

ce
 e

xc
ee

ds
 1

0%
t) 

gr
ea

te
r t

ha
n 

0.
5 

in
. (

13
 m

m
) w

as
 m

is
se

d.
 

N
o 

fla
w

s 
ca

n 
be

 m
is

se
d 

un
til

 th
e 

de
m

on
st

ra
tio

n 
te

st
 s

et
 g

et
s 

to
 1

2 
fla

w
s.

  I
n 

ad
di

tio
n,

 if
 a

 fl
aw

 is
 

al
lo

w
ed

 to
 b

e 
m

is
se

d,
 it

 a
ls

o 
m

us
t b

e 
sm

al
l a

s 
sp

ec
ifi

ed
 a

nd
 d

ep
en

de
nt

 o
n 

its
 th

ro
ug

h-
w

al
l l

oc
at

io
n.

 
(c

) F
or

 p
ro

ce
du

re
s 

an
d 

pe
rs

on
ne

l d
em

on
st

ra
tio

ns
, t

he
 n

um
be

r o
f f

al
se

 c
al

ls
 s

ha
ll 

no
t 

ex
ce

ed
 A

/1
0,

 ro
un

de
d 

to
 th

e 
ne

xt
 w

ho
le

 n
um

be
r, 

w
he

re
 A

 is
 th

e 
to

ta
l s

ca
n 

ar
ea

 o
f 

sp
ec

im
en

s 
in

 th
e 

te
st

 m
ea

su
re

d 
in

 s
qu

ar
e 

fe
et

.  
Th

e 
to

ta
l s

ca
n 

ar
ea

 is
 d

ef
in

ed
 a

s 
th

e 
ar

ea
 th

at
 w

ou
ld

 b
e 

sc
an

ne
d 

w
he

n 
sc

an
ni

ng
 fr

om
 a

ll 
fo

ur
 d

ire
ct

io
ns

. 

Th
is

 c
rit

er
io

n 
is

 c
on

si
st

en
t w

ith
 th

at
 u

se
d 

in
 

Su
pp

le
m

en
t 4

. 

4.
2 

 S
iz

in
g 

A
cc

ep
ta

nc
e 

C
rit

er
ia

 
 

(a
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 le

ng
th

s 
es

tim
at

ed
 b

y 
ul

tra
so

ni
cs

, a
s 

co
m

pa
re

d 
to

 th
e 

tru
e 

le
ng

th
s,

 s
ha

ll 
no

t e
xc

ee
d 

0.
75

 in
. (

19
 m

m
). 

Th
is

 c
rit

er
io

n 
is

 c
on

si
st

en
t w

ith
 th

e 
le

ng
th

 s
iz

in
g 

cr
ite

ria
 in

 th
e 

ot
he

r s
up

pl
em

en
ts

. 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(b
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 d

ep
th

s 
es

tim
at

ed
 b

y 
ul

tra
so

ni
cs

, a
s 

co
m

pa
re

d 
to

 th
e 

tru
e 

de
pt

hs
, s

ha
ll 

no
t e

xc
ee

d 
0.

25
 in

. (
6 

m
m

). 
Th

e 
ne

ed
 fo

r f
la

w
 s

iz
in

g 
ac

cu
ra

cy
 in

 th
e 

ou
te

r 9
0%

 
of

 th
e 

ve
ss

el
 is

 le
ss

 th
an

 th
at

 fo
r t

he
 in

ne
r 1

0%
 (b

as
ed

 
on

 IW
B-

35
00

 re
qu

ire
m

en
ts

). 
 T

hi
s 

cr
ite

rio
n 

is
 

in
cr

ea
se

d 
fro

m
 th

at
 u

se
d 

in
 p

ip
in

g 
an

d 
th

e 
ne

ar
-

su
rfa

ce
 c

la
d 

to
 b

as
e 

m
et

al
 z

on
e.

  T
hi

s 
w

as
 in

cr
ea

se
d 

be
ca

us
e 

m
et

al
 p

at
hs

 m
ay

 b
e 

ve
ry

 lo
ng

; f
or

 e
xa

m
pl

e,
 a

 
45

- o
r 6

0-
de

gr
ee

 in
sp

ec
tio

n 
on

 a
 n

oz
zl

e 
sh

el
l c

ou
rs

e 
th

at
 is

 1
4 

in
. (

35
6 

m
m

) t
hi

ck
.  

Th
es

e 
la

rg
e 

di
st

an
ce

s 
in

cr
ea

se
 th

e 
er

ro
rs

 a
nd

 u
nc

er
ta

in
ty

 in
 th

e 
be

st
 

es
tim

at
es

 o
f t

he
 fl

aw
 th

ro
ug

h-
w

al
l s

iz
e.

 
(c

) T
he

 s
lo

pe
 o

f t
he

 li
ne

ar
 re

gr
es

si
on

 li
ne

, c
al

cu
la

te
d 

as
 s

ho
w

n 
in

 F
ig

. V
III

-S
6-

1,
 s
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t l
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.7
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se

d 
on

 e
ar
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 e

xp
er

ie
nc

es
, i

t w
as
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un

d 
th

at
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e 
0.

25
 in

. (
6.

4 
m

m
) R

M
S 

in
 (b

), 
co

m
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ne
d 

w
ith

 th
e 

nu
m

be
r a
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ng
e 

of
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iz
es

 w
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 n
ot
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e 
to

 
se
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te
 g
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d 

pe
rfo

rm
an

ce
 fr

om
 u

na
cc

ep
ta

bl
e 

pe
rfo

rm
an

ce
, w

ith
ou

t (
c)

.  
Th

is
 re

qu
ire

m
en

t w
as

 
or

ig
in

al
ly

 in
cl

ud
ed

 in
 th

e 
si

zi
ng

 p
er

fo
rm

an
ce

, r
em

ov
ed

, 
an

d 
th

en
 h

as
 b

ee
n 

pu
t b

ac
k 

in
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up
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e 
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ec
tio

n 
of

 n
oz

zl
es

 fr
om

 th
e 
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si

de
 s

ur
fa

ce
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nl
y,
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he
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 S
up

pl
em

en
t 5
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dd
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sp
ec
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n 

fro
m

 th
e 

ou
ts

id
e 
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ce
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f n
oz

zl
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ig
in

al
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up
pl

em
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 c
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ot
h 
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e 

an
d 

in
si

de
 in
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be

en
 c
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ng

ed
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dd
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ss
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sp

ec
tio

n 
fro

m
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e 
in

si
de

 o
nl

y.
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 Q
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R
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at
io

na
le

 fo
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m

en
t a
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n 

to
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ef
er

en
ce
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 D
oc

um
en

ta
tio
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1.

0 
 S

C
O

PE
 

 
Th

is
 S

up
pl

em
en
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s 

ap
pl

ic
ab

le
 to

 e
xa

m
in

at
io

n 
of
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di
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 fl
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s 
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rr
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c 
no

zz
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ad
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.  

It 
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o 
ap

pl
ic

ab
le

 to
 e
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m

in
at

io
n 

of
 p
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le
l f
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w
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in
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rr
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c 
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le
-to
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he

ll 
w
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r e
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m
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at
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 b
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  D

em
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n 
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e 
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 b
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m
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le
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  D
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ra
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n 
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l n
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 b
e 
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 c
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s.

  S
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 S
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t 6
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ca
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w
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n 
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an

ni
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 th
e 

no
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-to
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l w
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d 
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m
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e 
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ss

el
 w
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l. 

D
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 th
e 

sc
op
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ve
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by
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pp
le

m
en

t a
nd

 th
e 

pr
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Su

pp
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 6
 q
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ic
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 w
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n 
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an
ni

ng
 n

oz
zl

e-
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-v
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l w

el
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e 
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 C
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D
em

on
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 c
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se
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et
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te

rfa
ce

 o
f r
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es
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l p
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n 
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n 

w
he

n 
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 m
et

. 

Th
e 
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qu

ire
m

en
ts

 d
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cr
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ed
 in
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 s
ec

tio
n 

ar
e 
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te

nt
 w

ith
 th
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e 
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d 
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 S
up

pl
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en
t 4

 
be
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e 

sa
m
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 d
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di
tio
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l f
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w

s 
at

 th
e 
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si
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di
us

 s
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e 
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 m
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e 

fu
ll-

sc
al

e 
no

zz
le

 m
oc

ku
ps

 s
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ll 
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ed
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e 
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st

 s
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(a
) S
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en
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l h
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 m
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iz
e 
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l b
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 c
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 b
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 c
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 d
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t c
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 d
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f c
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 c

la
dd

in
g 

is
 

tra
ns

fe
ra

bl
e 

to
 m

ul
tip

le
-w

ire
 o

r s
tri

p-
cl

ad
 p
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at
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) D
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st
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n 

m
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r s
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cl
ad
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 c
on
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d 
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ut
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 n
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bl
e 

to
 S

M
AW

-ty
pe

 c
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(d
) T

he
 s

ur
fa
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 c
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l b
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 c
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 d
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e 

sa
m
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 c

on
du

ct
ed

 fr
om

 th
e 

in
si

de
 

su
rfa

ce
. 

(1
) F

la
w

 T
yp

e.
  A

t l
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l b
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 b
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ll 
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 m
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w
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 c
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 m
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 p
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r o
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l f
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ra
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 d
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 c
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 d
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no
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 c
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e 
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01
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.0
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m

m
). 

 T
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p 
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 is
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 fo
r 
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ec
tio
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om
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e 
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r s
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w
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w
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 d
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y 
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 re
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ra
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.0
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 m
m
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.0
8 

m
m
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 in

. (
5.
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.3
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 m
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 m
m
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.5
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.7
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.9
8 

m
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 m
m
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w

s 
pr
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d 
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ra

tio
n 
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l b
e 
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e 
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h 

w
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r o
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 m
m
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 m
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 F
or

 d
ep
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g,
 th

e 
si

zi
ng
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 c
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d 
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 d
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 c
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 c
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re
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 d
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at
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at
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at
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0 

 C
O

N
D

U
C

T 
O

F 
PE

R
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

 F
O

R
 E

XA
M

IN
A

TI
O

N
 O

F 
TH

E 
N

O
ZZ

LE
-T

O
-S

H
EL

L 
W

EL
D

 F
R

O
M

 T
H

E 
B

O
R

E 
 

Si
ng

le
-s

id
e 

ac
ce

ss
 d

em
on

st
ra

tio
n 

to
 S

up
pl

em
en

t 6
 q

ua
lif

ie
s 

ex
am

in
at

io
n 

pe
rs

on
ne

l f
or

 
no

zz
le

-to
-v

es
se

l w
el

d 
ex

am
in

at
io

n 
w

he
n 

th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
 a

re
 m

et
. 

Th
er

e 
ar

e 
re

qu
ire

m
en

t f
or

 S
up

pl
em

en
t 6

 
si

ng
le

-s
id

e 
ac

ce
ss

 d
em

on
st

ra
tio

n 
an

d 
Su

pp
le

m
en

t 4
 d

em
on

st
ra

tio
n,

 a
nd

 b
y 

m
ee

tin
g 

th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
, t

he
 p

er
so

nn
el

, 
eq

ui
pm

en
t, 

an
d 

pr
oc

ed
ur

es
 a

re
 q

ua
lif

ie
d 

to
 

in
sp

ec
t t

he
 n

oz
zl

e-
to

-v
es

se
l w

el
d 

fro
m

 th
e 

bo
re

.  
Th

is
 is

 v
ie

w
ed

 li
ke

 a
n 

ad
d-

on
 s

uc
h 

th
at

 o
nl

y 
a 

re
du

ce
d 

nu
m

be
r o

f s
pe

ci
m

en
s 

is
 re

qu
ire

d,
 

co
ns

is
te

nt
 w

ith
 th

e 
st

ra
te

gy
 th

at
 h

as
 b

ee
n 

us
ed

 
fo

r t
he

 S
up

pl
em

en
ts

 1
2 

an
d 

14
. 

3.
1 

 F
or

 d
et

ec
tio

n 
an

d 
si

zi
ng

, a
 m

in
im

um
 o

f t
hr

ee
 a

dd
iti

on
al

 fl
aw

s 
in

 o
ne

 o
r m

or
e 

fu
ll-

sc
al

e 
no

zz
le

 m
oc

k-
up

s 
sh

al
l b

e 
ad

de
d 

to
 th

e 
te

st
 s

et
. 

Th
is

 is
 a

n 
ad

d-
on

 ty
pe

 o
f q

ua
lif

ic
at

io
n;

 th
us

, 
on

ly
 a

 li
m

ite
d 

nu
m

be
r o

f s
pe

ci
m

en
s 

is
 re

qu
ire

d.
 

(a
) F

la
w

s 
sh

al
l b

e 
or

ie
nt

ed
 p

ar
al

le
l t

o 
th

e 
w

el
d 

an
d 

at
 e

ith
er

 th
e 

in
si

de
 o

r o
ut

si
de

 s
ur

fa
ce

, 
or

 s
ub

su
rfa

ce
.  

At
 le

as
t o

ne
 s

ub
su

rfa
ce

 fl
aw

 s
ha

ll 
be

 in
cl

ud
ed

, a
nd

 th
er

e 
sh

al
l b

e 
no

 m
or

e 
th

an
 tw

o 
fla

w
s 

fro
m

 e
ac

h 
ca

te
go

ry
. 

 

(b
) S

pe
ci

m
en

s 
sh

al
l h

av
e 

su
ffi

ci
en

t v
ol

um
e 

to
 m

in
im

iz
e 

sp
ur

io
us

 re
fle

ct
io

ns
. 

Th
e 

in
te

nt
 o

f t
hi

s 
pr

ov
is

io
n 

is
 to

 m
ak

e 
th

e 
sp

ec
im

en
s 

re
al

is
tic

 a
nd

 th
e 

te
st

 s
im

ila
r t

o 
fie

ld
 

in
sp

ec
tio

ns
. 

(c
) T

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sh
al

l b
e 

on
 th

e 
sa

m
e 

ty
pe

 o
f c

la
dd

in
g 

as
 th

at
 to

 b
e 

ex
am

in
ed

, w
ith

 th
e 

fo
llo

w
in

g 
ex

ce
pt

io
ns

. 
Th

es
e 

re
qu

ire
m

en
ts

 a
re

 c
on

si
st

en
t w

ith
 th

os
e 

of
 o

th
er

 s
up

pl
em

en
ts

 th
at

 c
on

ta
in

 c
la

dd
in

g 
sp

ec
ifi

ca
tio

ns
. 

(1
) D

em
on

st
ra

tio
ns

 o
n 

sh
ie

ld
ed

 m
et

al
 a

rc
 w

el
di

ng
 (S

M
AW

) s
in

gl
e-

w
ire

 c
la

dd
in

g 
ar

e 
tra

ns
fe

ra
bl

e 
to

 m
ul

tip
le

-w
ire

 o
r s

tri
p-

cl
ad

 p
ro

ce
ss

. 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(2
) D

em
on

st
ra

tio
ns

 o
n 

m
ul

tip
le

-w
ire

 o
r s

tri
p-

 c
la

d 
ar

e 
co

ns
id

er
ed

 e
qu

iv
al

en
t b

ut
 a

re
 

no
t t

ra
ns

fe
ra

bl
e 

to
 S

M
AW

-ty
pe

 c
la

d.
 

 

(d
) T

he
 s

ur
fa

ce
 c

on
di

tio
n 

of
 th

e 
te

st
 s

pe
ci

m
en

s 
sh

al
l b

e 
re

pr
es

en
ta

tiv
e 

of
 th

e 
ge

ne
ra

l 
co

nd
iti

on
 o

f t
he

 v
es

se
l s

ca
nn

in
g 

su
rfa

ce
. 

Su
rfa

ce
 c

on
di

tio
ns

 m
us

t b
e 

re
pr

es
en

ta
tiv

e 
of

 
th

os
e 

on
 c

om
po

ne
nt

s 
in

 s
er

vi
ce

. 
(e

) T
he

 d
et

ec
tio

n 
te

st
 m

at
rix

 s
ha

ll 
in

cl
ud

e 
fla

w
s 

w
ith

 th
e 

fo
llo

w
in

g 
de

sc
rip

tio
n.

 
(1

) F
la

w
 T

yp
e.

  A
t l

ea
st

 7
5%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

cr
ac

ks
.  

Th
e 

ba
la

nc
e 

sh
al

l b
e 

cr
ac

ks
, f

ab
ric

at
io

n 
fla

w
s 

(e
.g

., 
sl

ag
, l

ac
k 

of
 fu

si
on

), 
or

 m
ac

hi
ne

d 
no

tc
he

s.
 

M
os

t f
la

w
s 

ne
ed

 to
 b

e 
cr

ac
ks

 th
at

 a
re

 o
f 

co
nc

er
n 

ba
se

d 
on

 s
er

vi
ce

 fa
ilu

re
s 

bu
t n

ee
d 

to
 

in
cl

ud
e 

fa
br

ic
at

io
n 

fla
w

s 
be

ca
us

e 
th

os
e 

ar
e 

ex
pe

ct
ed

 to
 b

e 
de

te
ct

ed
 u

si
ng

 h
ig

h-
se

ns
iti

vi
ty

 
in

sp
ec

tio
ns

. 
(a

) N
ot

ch
es

 s
ha

ll 
ha

ve
 a

 m
ax

im
um

 w
id

th
 o

f 0
.0

10
 in

. (
0.

25
 m

m
) a

t t
he

 ti
p.

  T
he

 
w

id
th

 a
t t

he
 c

la
d-

to
-b

as
e-

m
et

al
 in

te
rfa

ce
 s

ha
ll 

no
t e

xc
ee

d 
0.

02
0 

in
. (

0.
50

 m
m

). 
Th

e 
ac

ce
pt

ab
ilit

y 
of

 th
is

 m
ax

im
um

 ti
p 

ra
di

us
/ 

w
id

th
 re

qu
ire

m
en

t i
s 

no
t k

no
w

n.
  I

n 
re

vi
ew

in
g 

th
e 

PI
S

C
 II

 p
ar

am
et

ric
 s

tu
di

es
, P

IS
C

 II
 fa

br
ic

at
ed

 a
 

nu
m

be
r o

f a
rti

fic
ia

l f
la

w
s 

ha
vi

ng
 ti

p 
ra

di
i u

p 
to

 
0.

00
12

 in
. (

0.
03

 m
m

), 
an

d 
th

es
e 

fla
w

s 
pr

ov
id

ed
 

tip
 re

sp
on

se
s 

w
ith

in
 1

 d
B 

of
 th

at
 fo

r a
 h

yd
ra

u-
lic

al
ly

 g
ro

w
n 

fa
tig

ue
 c

ra
ck

 w
ith

 a
 ti

p 
ra

di
us

 le
ss

 
th

an
 0

.0
00

00
4 

in
. (

0.
00

01
 m

m
). 

 H
ow

ev
er

, 
PI

S
C

 II
 d

id
 n

ot
 q

ua
nt

ify
 h

ow
 th

e 
tip

 re
sp

on
se

 
w

ou
ld

 c
ha

ng
e 

as
 th

e 
tip

 ra
di

us
 b

ec
om

es
 la

rg
er

 
th

an
 0

.0
01

2 
in

. (
0.

03
 m

m
). 

 T
he

 ti
p 

re
sp

on
se

 is
 

ke
y 

si
nc

e 
fo

r i
ns

pe
ct

io
ns

 fr
om

 th
e 

in
si

de
 s

ur
fa

ce
 

fo
r s

ha
llo

w
 fl

aw
s,

 th
e 

sp
ec

ul
ar

 re
sp

on
se

 is
 n

ot
 

de
te

ct
ed

, o
nl

y 
th

e 
tip

 re
sp

on
se

 is
.  

U
nt

il 
fu

rth
er

 
re

se
ar

ch
 is

 c
on

du
ct

ed
 to

 re
so

lv
e 

th
is

 is
su

e,
 a

 fi
rm

 
ba

si
s 

fo
r t

hi
s 

re
qu

ire
m

en
t w

ill 
no

t e
xi

st
.  

H
ow

ev
er

, 
it 

ne
ed

s 
to

 b
e 

no
te

d 
th

at
 th

e 
nu

m
be

r o
f n

ot
ch

es
 is

 
lim

ite
d 

to
 <

 2
5%

, a
nd

 n
ot

ch
es

 c
an

 o
nl

y 
be

 u
se

d 
if 

ex
am

in
at

io
n 

is
 fr

om
 th

e 
in

si
de

 s
ur

fa
ce

 w
ith

 th
e 

no
tc

he
s 

be
in

g 
le

ss
 th

an
 0

.2
4 

in
. (

6 
m

m
) i

n 
de

pt
h 

an
d 

se
m

i-e
llip

tic
al

 in
 s

ha
pe

. 
(b

) N
ot

ch
es

 s
ha

ll 
co

nf
or

m
 to

 th
e 

fo
llo

w
in

g:
 

 
(1

) N
ot

ch
 d

ep
th

 s
ha

ll 
no

t e
xc

ee
d 

1/
4 

in
. (

6 
m

m
). 

 
(2

) N
ot

ch
es

 s
ha

ll 
be

 s
em

ie
llip

tic
al

. 
 

(2
) A

t l
ea

st
 o

ne
 fl

aw
 p

ar
al

le
l t

o 
th

e 
w

el
d 

sh
al

l p
ro

vi
de

 a
 m

et
al

 p
at

h 
di

st
an

ce
 w

ith
in

 
10

%
 o

f t
he

 e
qu

iv
al

en
t p

at
h 

le
ng

th
 to

 th
e 

w
el

d 
ce

nt
er

lin
e 

of
 th

e 
th

ic
ke

st
 c

om
po

ne
nt

 to
 b

e 
ex

am
in

ed
. 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(f)
 T

he
re

 s
ha

ll 
be

 a
 re

pr
es

en
ta

tiv
e 

di
st

rib
ut

io
n 

of
 fl

aw
 d

ep
th

s 
fro

m
 T

ab
le

 V
III

-S
6-

1.
 

Be
ca

us
e 

th
is

 p
or

tio
n 

of
 th

e 
su

pp
le

m
en

t i
s 

an
 

ad
d-

on
 to

 S
up

pl
em

en
t 6

, i
t i

s 
ap

pr
op

ria
te

 to
 

re
fe

re
nc

e 
th

e 
sa

m
e 

re
qu

ire
m

en
ts

 fo
r a

 re
pr

es
en

-
ta

tiv
e 

di
st

rib
ut

io
n 

of
 fl

aw
 d

ep
th

s 
as

 u
se

d 
in

 
Su

pp
le

m
en

t 6
. 

3.
2 

 E
ac

h 
of

 th
e 

fla
w

s 
pr

es
en

te
d 

fo
r d

em
on

st
ra

tio
n 

sh
al

l b
e 

co
rr

ec
tly

 id
en

tif
ie

d 
at

 th
e 

pr
op

er
 a

zi
m

ut
h 

w
ith

in
 th

e 
gr

ea
te

r o
f ±

1 
in

. (
25

 m
m

) o
r 1

0%
 o

f t
he

 m
et

al
 p

at
h,

 w
ith

 n
o 

fa
ls

e 
ca

lls
. 

Th
is

 c
rit

er
io

n 
is

 c
on

si
st

en
t w

ith
 th

e 
lo

ca
tio

n 
ac

cu
ra

cy
 n

ee
de

d 
fo

r d
ef

in
in

g 
de

te
ct

io
n;

 n
ot

e 
th

at
 

no
 fa

ls
e 

ca
lls

 a
re

 p
er

m
itt

ed
. 

3.
3 

 F
or

 le
ng

th
 s

iz
in

g,
 th

e 
re

su
lts

 s
ha

ll 
be

 a
dd

ed
 to

 th
e 

co
m

bi
ne

d 
re

su
lts

 o
f S

up
pl

em
en

t 4
 

an
d 

Su
pp

le
m

en
t 6

.  
Th

e 
co

m
bi

ne
d 

re
su

lts
 s

ha
ll 

m
ee

t t
he

 le
ng

th
 s

iz
in

g 
ac

ce
pt

an
ce

 s
ta

nd
ar

ds
 

of
 S

up
pl

em
en

t 4
. 

Be
ca

us
e 

th
is

 is
 a

n 
ad

d–
on

, t
he

 le
ng

th
 s

iz
in

g 
is

 a
 c

om
bi

na
tio

n 
of

 th
e 

le
ng

th
 s

iz
in

g 
re

su
lts

 fr
om

 
Su

pp
le

m
en

ts
 4

 a
nd

 6
 w

ith
 th

e 
ne

w
 d

at
a.

  T
he

 
pa

ss
/fa

il 
cr

ite
rio

n 
re

m
ai

ns
 th

e 
sa

m
e 

an
d 

is
 

0.
75

 in
. (

19
 m

m
) f

or
 th

e 
co

m
bi

ne
d 

re
su

lts
. 

3.
4 

 F
or

 d
ep

th
 s

iz
in

g,
 th

e 
in

si
de

 s
ur

fa
ce

 a
nd

 in
ne

r 1
5%

 re
su

lts
 s

ha
ll 

be
 c

om
bi

ne
d 

w
ith

 th
e 

si
zi

ng
 re

su
lts

 fr
om

 S
up

pl
em

en
t 4

.  
Th

e 
co

m
bi

ne
d 

re
su

lts
 s

ha
ll 

m
ee

t t
he

 d
ep

th
 s

iz
in

g 
ac

ce
pt

an
ce

 c
rit

er
ia

 o
f S

up
pl

em
en

t 4
.  

Th
e 

re
m

ai
ni

ng
 re

su
lts

 s
ha

ll 
be

 c
om

bi
ne

d 
w

ith
 th

e 
si

zi
ng

 
re

su
lts

 fr
om

 S
up

pl
em

en
t 6

.  
Th

e 
co

m
bi

ne
d 

re
su

lts
 s

ha
ll 

m
ee

t t
he

 d
ep

th
 s

iz
in

g 
ac

ce
pt

an
ce

 
cr

ite
ria

 o
f S

up
pl

em
en

t 6
. 

Th
e 

de
pt

h 
si

zi
ng

 re
su

lts
 fo

r f
la

w
s 

lo
ca

te
d 

w
ith

in
 th

e 
in

ne
r 1

5%
 a

re
 to

 b
e 

co
m

bi
ne

d 
w

ith
 th

e 
re

su
lts

 fr
om

 S
up

pl
em

en
t 4

.  
Th

os
e 

de
pt

h 
si

zi
ng

 
re

su
lts

 fo
r f

la
w

s 
in

 th
e 

re
m

ai
nd

er
 o

f t
he

 v
es

se
l 

w
al

l a
re

 to
 b

e 
co

m
bi

ne
d 

w
ith

 th
e 

re
su

lts
 fr

om
 

Su
pp

le
m

en
t 6

.  
Th

e 
ac

ce
pt

an
ce

 c
rit

er
ia

 o
f 

Su
pp

le
m

en
t 4

 a
re

 to
 b

e 
us

ed
 in

 th
e 

fir
st

 c
as

e,
 

w
hi

le
 th

e 
ac

ce
pt

an
ce

 c
rit

er
ia

 fr
om

 S
up

pl
em

en
t 6

 
ar

e 
to

 b
e 

us
ed

 fo
r t

he
 la

tte
r c

as
e.

 
3.

5 
 P

er
so

nn
el

 s
ha

ll 
be

 q
ua

lif
ie

d 
in

 a
cc

or
da

nc
e 

w
ith

 th
e 

re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 6
 fo

r 
si

ng
le

-s
id

e 
ac

ce
ss

, u
si

ng
 th

e 
sa

m
e 

ty
pe

 o
f i

ns
tru

m
en

ts
 a

nd
 d

at
a 

re
co

rd
in

g 
an

d 
an

al
ys

is
 

eq
ui

pm
en

t. 
 F

or
 in

iti
al

 p
ro

ce
du

re
 a

nd
 e

qu
ip

m
en

t q
ua

lif
ic

at
io

n,
 te

st
 s

et
s 

sh
al

l i
nc

lu
de

 th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

ts
.  

To
 q

ua
lif

y 
ne

w
 v

al
ue

s 
of

 e
ss

en
tia

l v
ar

ia
bl

es
, 

at
 le

as
t o

ne
 p

er
so

nn
el

 q
ua

lif
ic

at
io

n 
se

t i
s 

re
qu

ire
d.

 

Th
e 

pu
rp
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tio
n 

de
fin

es
 th

e 
sc

op
e 

of
 a

pp
lic

ab
ilit

y 
of

 th
is

 s
up

pl
em

en
t. 

 
 

2.
0 

 S
PE

C
IM

EN
 R

EQ
U

IR
EM

EN
TS

 
 

Q
ua

lif
ic

at
io

n 
te

st
 s

pe
ci

m
en

s 
sh

al
l m

ee
t t

he
 re

qu
ire

m
en

ts
 li

st
ed

 h
er

ei
n,

 u
nl

es
s 

a 
se

t o
f 

sp
ec

im
en

s 
is

 d
es

ig
ne

d 
to

 a
cc

om
m

od
at

e 
sp

ec
ifi

c 
lim

ita
tio

ns
 s

ta
te

d 
in

 th
e 

sc
op

e 
of

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
(e

.g
., 

pi
pe

 s
iz

e,
 w

el
d 

jo
in

t c
on

fig
ur

at
io

n,
 a

cc
es

s 
lim

ita
tio

ns
). 

 T
he

 s
am

e 
sp

ec
im

en
s 

m
ay

 b
e 

us
ed

 to
 d

em
on

st
ra

te
 b

ot
h 

de
te

ct
io

n 
an

d 
si

zi
ng

 q
ua

lif
ic

at
io

n.
 

Th
is

 is
 a

 g
en

er
al

 re
qu

ire
m

en
t r

eg
ar

di
ng

 w
ha

t 
re

qu
ire

m
en

ts
 m

us
t b

e 
m

et
. 

2.
1 

 G
en

er
al

.  
Th

e 
sp

ec
im

en
 s

et
 s

ha
ll 

co
nf

or
m

 to
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

. 
 

(a
) T

he
 m

in
im

um
 n

um
be

r o
f f

la
w

s 
in

 a
 s

pe
ci

m
en

 s
et

 s
ha

ll 
be

 te
n.

 
If 

th
e 

te
st

 s
et

 is
 to

 b
e 

us
ed

 p
ot

en
tia

lly
 fo

r b
ot

h 
de

te
ct

io
n 

an
d 

si
zi

ng
, t

he
n 

it 
m

us
t c

on
ta

in
 a

t l
ea

st
 

10
 fl

aw
s.

 
(b

) S
pe

ci
m

en
s 

sh
al

l h
av

e 
su

ffi
ci

en
t v

ol
um

e 
to

 m
in

im
iz

e 
sp

ur
io

us
 re

fle
ct

io
ns

 th
at

 m
ay

 
in

te
rfe

re
 w

ith
 th

e 
in

te
rp

re
ta

tio
n 

pr
oc

es
s.

 
Th

e 
pu

rp
os

e 
of

 th
is

 p
ro

vi
si

on
 is

 to
 m

ak
e 

su
re

 
th

er
e 

ar
e 

no
 c

on
fu

si
ng

 s
up

pl
em

en
ta

l s
ig

na
ls

 th
at

 
re

su
lt 

fro
m

 th
e 

te
st

 s
pe

ci
m

en
 a

nd
 w

hi
ch

 w
ou

ld
 

no
t o

cc
ur

 o
n 

fu
ll-

si
ze

d 
co

m
po

ne
nt

s.
 

(c
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
th

e 
m

in
im

um
 a

nd
 m

ax
im

um
 p

ip
e 

di
am

et
er

s 
an

d 
th

ic
kn

es
se

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 a

pp
lic

ab
le

.  
Pi

pe
 d

ia
m

et
er

s 
w

ith
in

 a
 ra

ng
e 

of
 1

/2
 in

. (
13

 m
m

) o
f t

he
 n

om
in

al
 d

ia
m

et
er

 s
ha

ll 
be

 c
on

si
de

re
d 

eq
ui

va
le

nt
.  

P
ip

e 
di

am
et

er
s 

la
rg

er
 th

an
 2

4 
in

. (
60

0 
m

m
) s

ha
ll 

be
 c

on
si

de
re

d 
to

 b
e 

fla
t. 

 W
he

n 
a 

ra
ng

e 
of

 th
ic

kn
es

se
s 

is
 to

 
be

 e
xa

m
in

ed
, a

 th
ic

kn
es

s 
to

le
ra

nc
e 

of
 ±

25
%

 is
 a

cc
ep

ta
bl

e.
 

Th
e 

pu
rp

os
e 

of
 th

is
 p

ro
vi

si
on

 is
 to

 e
ns

ur
e 

th
at

 th
e 

ex
tre

m
es

 o
f m

in
im

um
 a

nd
 m

ax
im

um
 p

ip
e 

di
am

et
er

s 
an

d 
w

al
l t

hi
ck

ne
ss

es
 a

re
 in

cl
ud

ed
 in

 
th

e 
de

m
on

st
ra

tio
n 

pr
oc

es
s.
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(d
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
ex

am
pl

es
 o

f t
he

 fo
llo

w
in

g 
fa

br
ic

at
io

n 
co

nd
iti

on
s:

 
Th

e 
pu

rp
os

e 
of

 th
is

 p
ro

vi
si

on
 is

 to
 e

ns
ur

e 
th

at
 th

e 
te

st
s 

ar
e 

re
al

is
tic

 a
nd

 in
cl

ud
e 

fa
br

ic
at

io
n 

co
nd

iti
on

s 
th

at
 a

re
 c

om
m

on
ly

 fo
un

d 
in

 s
er

vi
ce

. 
(1

) g
eo

m
et

ric
 a

nd
 m

at
er

ia
l c

on
di

tio
ns

 th
at

 n
or

m
al

ly
 re

qu
ire

 d
is

cr
im

in
at

io
n 

fro
m

 fl
aw

s 
(e

.g
., 

co
un

te
rb

or
e 

or
 w

el
d 

ro
ot

 c
on

di
tio

ns
, c

la
dd

in
g,

 w
el

d 
bu

tte
rin

g,
 re

m
na

nt
s 

of
 p

re
vi

ou
s 

w
el

ds
, a

dj
ac

en
t w

el
ds

 in
 c

lo
se

 p
ro

xi
m

ity
, w

el
d 

re
pa

ir 
ar

ea
s)

 

 

(2
) t

yp
ic

al
 li

m
ite

d 
sc

an
ni

ng
 s

ur
fa

ce
 c

on
di

tio
ns

 s
ha

ll 
be

 in
cl

ud
ed

 a
s 

fo
llo

w
s 

 
(a

) f
or

 o
ut

si
de

 s
ur

fa
ce

 e
xa

m
in

at
io

ns
, w

el
d 

cr
ow

ns
, d

ia
m

et
ric

al
 s

hr
in

k,
 s

in
gl

e-
si

de
 

ac
ce

ss
 d

ue
 to

 n
oz

zl
e,

 a
nd

 s
af

e 
en

d 
ex

te
rn

al
 ta

pe
rs

 
 

(b
) f

or
 in

si
de

 s
ur

fa
ce

 e
xa

m
in

at
io

ns
, i

nt
er

na
l t

ap
er

s,
 e

xp
os

ed
 w

el
d 

ro
ot

s,
 a

nd
 

cl
ad

di
ng

 c
on

di
tio

ns
 

 

(e
) 

Q
ua

lif
ic

at
io

n 
re

qu
ire

m
en

ts
 s

ha
ll 

be
 s

at
is

fie
d 

se
pa

ra
te

ly
 fo

r o
ut

si
de

 s
ur

fa
ce

 a
nd

 in
si

de
 

su
rfa

ce
 e

xa
m

in
at

io
ns

. 
Th

e 
in

sp
ec

tio
ns

 fr
om

 th
e 

O
.D

. a
nd

 th
e 

I.D
. 

in
vo

lv
e 

di
ffe

re
nt

 e
qu

ip
m

en
t; 

ac
co

rd
in

gl
y,

 th
e 

qu
al

ifi
ca

tio
n 

pr
oc

es
s 

m
us

t b
e 

de
m

on
st

ra
te

d 
se

pa
ra

te
ly

 fo
r e

ac
h 

in
sp

ec
tio

n 
su

rfa
ce

 (I
.D

. a
nd

 
O

.D
.).

 
2.

2 
 F

la
w

 L
oc

at
io

n.
  A

t l
ea

st
 8

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
co

nt
ai

ne
d 

w
ho

lly
 in

 w
el

d 
or

 
bu

tte
rin

g 
m

at
er

ia
l. 

 A
t l

ea
st

 o
ne

 a
nd

 n
o 

m
or

e 
th

an
 1

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
in

 fe
rr

iti
c 

ba
se

 
m

at
er

ia
l. 

 A
t l

ea
st

 o
ne

 a
nd

 n
o 

m
or

e 
th

an
 1

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
in

 a
us

te
ni

tic
 b

as
e 

m
at

er
ia

l. 

Th
e 

do
m

in
an

t f
ai

lu
re

 p
ro

ce
ss

 is
 s

tre
ss

 
co

rr
os

io
n 

cr
ac

ki
ng

 (S
C

C
) i

n 
In

co
ne

l w
el

dm
en

ts
.  

Th
er

ef
or

e,
 th

e 
m

aj
or

ity
 o

f t
he

 fl
aw

s 
m

us
t b

e 
lo

ca
te

d 
in

 th
es

e 
w

el
dm

en
ts

. 
2.

3 
 F

la
w

 T
yp

e 
 

(a
) A

t l
ea

st
 6

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

, a
nd

 th
e 

re
m

ai
nd

er
 s

ha
ll 

be
 a

lte
rn

at
iv

e 
fla

w
s.

  
Sp

ec
im

en
s 

w
ith

 IG
S

C
C

 s
ha

ll 
be

 u
se

d 
w

he
n 

av
ai

la
bl

e.
  A

lte
rn

at
iv

e 
fla

w
s 

sh
al

l m
ee

t t
he

 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

: 

Se
rv

ic
e 

de
gr

ad
at

io
n 

ha
s 

be
en

 fo
un

d 
to

 b
e 

SC
C

, s
o 

th
e 

fla
w

s 
fo

r d
em

on
st

ra
tio

n 
m

us
t i

n 
la

rg
e 

pa
rt 

be
 c

ra
ck

s.
  H

ow
ev

er
, s

om
e 

al
te

rn
at

iv
e 

fla
w

s 
ca

n 
be

 in
cl

ud
ed

 in
 th

e 
de

m
on

st
ra

tio
n.
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(1
) A

lte
rn

at
iv

e 
fla

w
s,

 if
 u

se
d,

 s
ha

ll 
pr

ov
id

e 
cr

ac
k-

lik
e 

re
fle

ct
iv

e 
ch

ar
ac

te
ris

tic
s 

an
d 

sh
al

l o
nl

y 
be

 u
se

d 
w

he
n 

im
pl

an
ta

tio
n 

of
 c

ra
ck

s 
w

ou
ld

 p
ro

du
ce

 s
pu

rio
us

 re
fle

ct
or

s 
th

at
 a

re
 

un
ch

ar
ac

te
ris

tic
 o

f s
er

vi
ce

-in
du

ce
d 

fla
w

s.
 

It 
is

 n
ot

 p
os

si
bl

e 
to

 im
pl

an
t a

xi
al

 fl
aw

s 
by

 
w

el
di

ng
 w

ith
ou

t d
is

tu
rb

in
g 

th
e 

m
et

al
lu

rg
ic

al
 

pr
op

er
tie

s 
of

 th
e 

su
rr

ou
nd

in
g 

m
at

er
ia

l a
nd

 
cr

ea
tin

g 
sp

ur
io

us
 re

fle
ct

io
ns

.  
Th

e 
re

sp
on

se
 

am
pl

itu
de

 o
f t

he
se

 a
lte

rn
at

iv
e 

fla
w

s 
w

as
 

de
m

on
st

ra
te

d 
to

 b
e 

in
 th

e 
sa

m
e 

ra
ng

e 
as

 fl
aw

s 
fo

un
d 

du
rin

g 
fie

ld
 e

xa
m

in
at

io
ns

.  
Th

is
 in

fo
rm

at
io

n 
w

as
 p

ro
vi

de
d 

to
 th

e 
A

SM
E 

C
od

e 
co

m
m

itt
ee

s.
(3

)  
(2

) A
lte

rn
at

iv
e 

fla
w

s 
sh

al
l h

av
e 

a 
tip

 w
id

th
 o

f n
o 

m
or

e 
th

an
 0

.0
02

 in
. (

.0
5 

m
m

). 
Th

es
e 

re
qu

ire
m

en
ts

 a
re

 c
on

si
st

en
t w

ith
 th

os
e 

de
ve

lo
pe

d 
in

 th
e 

P
IS

C
 II

 p
ar

am
et

ric
 s

tu
di

es
 to

 
si

m
ul

at
e 

th
e 

tip
 re

sp
on

se
 o

f f
at

ig
ue

 c
ra

ck
s.

 
(b

) 
At

 le
as

t 5
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

co
in

ci
de

nt
 w

ith
 a

re
as

 d
es

cr
ib

ed
 in

 2
.1

(d
). 

Th
is

 re
fle

ct
s 

w
he

re
 S

C
C

 h
as

 b
ee

n 
fo

un
d 

in
 

se
rv

ic
e.

 
2.

4 
 F

la
w

 D
ep

th
.  

Al
l f

la
w

 d
ep

th
s 

sh
al

l b
e 

gr
ea

te
r t

ha
n 

10
%

 o
f t

he
 n

om
in

al
 p

ip
e 

w
al

l 
th

ic
kn

es
s.

  F
la

w
 d

ep
th

s 
sh

al
l e

xc
ee

d 
th

e 
no

m
in

al
 c

la
d 

th
ic

kn
es

s 
w

he
n 

pl
ac

ed
 in

 c
la

dd
in

g.
  

Fl
aw

s 
in

 th
e 

sp
ec

im
en

 s
et

 s
ha

ll 
be

 d
is

tri
bu

te
d 

as
 fo

llo
w

s.
 

 
Fl

aw
 D

ep
th

 
M

in
im

um
 

 
(%

 W
al

l T
hi

ck
ne

ss
) 

Pe
rc

en
ta

ge
 o

f F
la

w
s 

 
5-

30
%

 
20

%
 

 
31

-6
0%

 
20

%
 

 
61

-1
00

%
 

20
%

 

At
 le

as
t 7

5%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
in

 th
e 

ra
ng

e 
of

 1
0 

to
 6

0%
 o

f w
al

l t
hi

ck
ne

ss
. 

Th
is

 is
 to

 p
ro

vi
de

 g
ui

da
nc

e 
on

 w
ha

t f
la

w
 

si
ze

s 
to

 in
cl

ud
e 

bu
t a

t t
he

 s
am

e 
tim

e 
to

 b
e 

va
gu

e 
so

 th
at

 th
e 

te
st

 w
ill 

re
m

ai
n 

bl
in

d.
 

2.
5 

 F
la

w
 O

rie
nt

at
io

n 
Ba

se
d 

on
 fi

el
d 

ex
pe

rie
nc

e,
 th

e 
m

aj
or

ity
 o

f 
fla

w
s 

fo
un

d 
in

 s
er

vi
ce

 fo
r P

W
R

s 
ha

ve
 b

ee
n 

or
ie

nt
ed

 a
xi

al
ly

, a
nd

 th
us

 n
ee

d 
to

 b
e 

in
cl

ud
ed

.  
Bo

th
 o

rie
nt

at
io

ns
 h

av
e 

be
en

 fo
un

d 
in

 B
W

R
 a

nd
 

PW
R

 u
ni

ts
.  

C
irc

um
fe

re
nt

ia
l f

la
w

s 
ar

e 
co

ns
id

er
ed

 
to

 b
e 

m
or

e 
of

 a
 c

ha
lle

ng
e 

to
 th

e 
in

te
gr

ity
 a

nd
 

fu
nc

tio
n 

of
 a

 c
om

po
ne

nt
 a

s 
co

m
pa

re
d 

to
 a

xi
al

 
fla

w
s.

 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

(3
) 

In
fo

rm
at

io
n 

fro
m

 th
is

 E
PR

I w
or

k 
w

as
 p

re
se

nt
ed

 to
 A

S
M

E 
C

od
e 

C
om

m
itt

ee
s.

  T
he

 a
ut

ho
rs

 h
av

e 
no

t r
ev

ie
w

ed
 th

e 
E

PR
I r

ep
or

t, 
bu

t i
t c

an
 b

e 
pu

rc
ha

se
d 

fro
m

 E
PR

I f
or

 $
14

2,
50

0 
an

d 
is

 ti
tle

d 
D

is
si

m
ila

r M
et

al
 P

ip
in

g 
W

el
d 

Ex
am

in
at

io
n 

– 
G

ui
da

nc
e 

an
d 

Te
ch

ni
ca

l B
as

is
 fo

r Q
ua

lif
ic

at
io

n 
TR

10
08

00
7 

(2
00

3)
. 
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R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(a
) F

or
 o

th
er

 th
an

 s
iz

in
g 

sp
ec

im
en

s,
 a

t l
ea

st
 3

0%
 a

nd
 n

o 
m

or
e 

th
an

 7
0%

 o
f t

he
 fl

aw
s,

 
ro

un
de

d 
to

 th
e 

ne
xt

 h
ig

he
r w

ho
le

 n
um

be
r, 

sh
al

l b
e 

or
ie

nt
ed

 a
xi

al
ly

.  
Th

e 
re

m
ai

nd
er

 o
f t

he
 

fla
w

s 
sh

al
l b

e 
or

ie
nt

ed
 c

irc
um

fe
re

nt
ia

lly
. 

Th
is

 p
ro

vi
si

on
 p

ro
vi

de
s 

gu
id

an
ce

 o
n 

th
e 

nu
m

be
r o

f f
la

w
s 

to
 in

cl
ud

e 
ba

se
d 

on
 o

rie
nt

at
io

n 
bu

t i
s 

in
te

nt
io

na
lly

 v
ag

ue
 to

 e
ns

ur
e 

th
at

 te
st

 
“b

lin
dn

es
s”

 is
 m

ai
nt

ai
ne

d.
 

(b
) S

iz
in

g 
sp

ec
im

en
 s

et
s 

sh
al

l m
ee

t t
he

 fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

 
(1

) L
en

gt
h-

si
zi

ng
 fl

aw
s 

sh
al

l b
e 

or
ie

nt
ed

 c
irc

um
fe

re
nt

ia
lly

. 
Be

ca
us

e 
ax

ia
l c

ra
ck

s 
te

nd
 to

 g
ro

w
 th

e 
fu

ll 
w

id
th

 o
f t

he
 w

el
dm

en
t a

nd
 th

us
 a

re
 c

on
st

ra
in

ed
 

by
 th

e 
w

el
dm

en
t w

id
th

, a
 p

er
fo

rm
an

ce
 d

em
on

-
st

ra
tio

n 
te

st
 u

si
ng

 0
.7

5-
in

. (
19

-m
m

) R
M

S 
er

ro
r a

s 
th

e 
pa

ss
 c

rit
er

io
n 

is
 n

ot
 m

ea
ni

ng
fu

l; 
bl

in
dl

y 
gu

es
si

ng
 a

 fl
aw

 le
ng

th
 s

iz
e 

of
 ½

 to
 ¾

 th
e 

w
el

d-
m

en
t w

id
th

 w
ou

ld
 li

ke
ly

 m
ee

t t
he

 R
M

S
 e

rr
or

 
si

zi
ng

 re
qu

ire
m

en
t. 

 F
ur

th
er

m
or

e,
 a

xi
al

 c
ra

ck
s 

te
nd

 to
 g

ro
w

 ra
pi

dl
y,

 te
nd

 to
 c

ra
ck

 th
e 

en
tir

e 
w

id
th

 o
f w

el
d 

an
d 

bu
tte

rin
g,

 a
nd

 th
e 

de
pt

h 
is

 
m

os
t i

m
po

rta
nt

 s
in

ce
 it

 is
 u

se
d 

to
 a

ss
es

s 
w

hi
ch

 
m

iti
ga

tio
n 

ap
pr

oa
ch

es
 c

an
 b

e 
im

pl
em

en
te

d.
  

Th
us

, t
he

 le
ng

th
 o

f a
n 

ax
ia

l f
la

w
 is

 n
ot

 m
ea

ni
ng

-
fu

l, 
so

 le
ng

th
 s

iz
in

g 
is

 p
er

fo
rm

ed
 o

nl
y 

on
 

ci
rc

um
fe

re
nt

ia
l f

la
w

s.
 

(2
) D

ep
th

-s
iz

in
g 

fla
w

s 
sh

al
l b

e 
or

ie
nt

ed
 a

s 
in

 2
.5

(a
). 

N
ee

d 
to

 d
em

on
st

ra
te

 th
at

 if
 a

n 
ax

ia
l f

la
w

 o
r a

 
ci

rc
um

fe
re

nt
ia

l f
la

w
 is

 d
et

ec
te

d,
 it

 c
an

 b
e 

si
ze

d 
ac

cu
ra

te
ly

. 
 

 
3.

0 
 P

ER
FO

R
M

AN
C

E 
D

EM
O

N
ST

R
AT

IO
N

 
 

Pe
rs

on
ne

l a
nd

 p
ro

ce
du

re
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

te
st

s 
sh

al
l b

e 
co

nd
uc

te
d 

ac
co

rd
in

g 
to

 th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

 

(a
) F

or
 q

ua
lif

ic
at

io
ns

 fr
om

 th
e 

ou
ts

id
e 

su
rfa

ce
, t

he
 s

pe
ci

m
en

 in
si

de
 s

ur
fa

ce
 a

nd
 s

pe
ci

m
en

 
id

en
tif

ic
at

io
n 

sh
al

l b
e 

co
nc

ea
le

d 
fro

m
 th

e 
ca

nd
id

at
e.

  W
he

n 
qu

al
ifi

ca
tio

ns
 a

re
 p

er
fo

rm
ed

 fr
om

 
th

e 
in

si
de

 s
ur

fa
ce

, t
he

 fl
aw

 lo
ca

tio
n 

an
d 

sp
ec

im
en

 id
en

tif
ic

at
io

n 
sh

al
l b

e 
ob

sc
ur

ed
 to

 m
ai

nt
ai

n 
a 

“b
lin

d 
te

st
.” 

 A
ll 

ex
am

in
at

io
ns

 s
ha

ll 
be

 c
om

pl
et

ed
 p

rio
r t

o 
gr

ad
in

g 
th

e 
re

su
lts

 a
nd

 p
re

se
nt

in
g 

th
e 

re
su

lts
 to

 th
e 

ca
nd

id
at

e.
  D

iv
ul

ge
nc

e 
of

 p
ar

tic
ul

ar
 s

pe
ci

m
en

 re
su

lts
 o

r c
an

di
da

te
 v

ie
w

in
g 

of
 

un
m

as
ke

d 
sp

ec
im

en
s 

af
te

r t
he

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
is

 p
ro

hi
bi

te
d.

 

Th
is

 s
ec

tio
n 

pr
ov

id
es

 g
ui

da
nc

e 
on

 
m

ai
nt

ai
ni

ng
 a

 b
lin

d 
te

st
. 

3.
1 

 D
et

ec
tio

n 
Te

st
 

 
(a

) T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

in
cl

ud
e 

de
te

ct
io

n 
sp

ec
im

en
s 

th
at

 m
ee

t t
he

 fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 
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SU
PP

LE
M

EN
T 

10
 —

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 D
IS

SI
M

IL
AR

 M
ET

AL
 P

IP
IN

G
 W

EL
D

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(1
) S

pe
ci

m
en

s 
sh

al
l b

e 
di

vi
de

d 
in

to
 g

ra
di

ng
 u

ni
ts

. 
R

eq
ui

re
m

en
ts

 s
im

ila
r t

o 
th

os
e 

us
ed

 in
 

Su
pp

le
m

en
t 2

, 1
.2

a,
 w

he
re

 th
e 

de
ve

lo
pe

rs
 

re
co

gn
iz

ed
 th

e 
co

m
pl

ex
ity

 a
nd

 tr
ad

e-
of

f b
et

w
ee

n 
ke

ep
in

g 
th

e 
te

st
 b

lin
d,

 th
e 

nu
m

be
r a

nd
 s

iz
e 

of
 

te
st

 s
pe

ci
m

en
s,

 p
as

s/
fa

il 
cr

ite
rio

n,
 a

nd
 

te
st

m
an

sh
ip

, w
hi

ch
 w

er
e 

ba
se

d 
on

 th
e 

ex
pe

rie
nc

es
 w

ith
 c

on
du

ct
in

g 
ro

un
d-

ro
bi

n 
te

st
s 

an
d 

th
e 

IE
B 

83
-0

2 
de

m
on

st
ra

tio
ns

. 
(a

) E
ac

h 
gr

ad
in

g 
un

it 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 3

 in
. (

75
 m

m
) o

f w
el

d 
le

ng
th

. 
 

(b
) T

he
 e

nd
 o

f e
ac

h 
fla

w
 s

ha
ll 

be
 s

ep
ar

at
ed

 fr
om

 a
n 

un
fla

w
ed

 g
ra

di
ng

 u
ni

t b
y 

at
 

le
as

t 1
 in

. (
25

 m
m

) o
f u

nf
la

w
ed

 m
at

er
ia

l. 
 A

 fl
aw

 m
ay

 b
e 

le
ss

 th
an

 3
 in

. (
76

 m
m

) i
n 

le
ng

th
. 

 

(c
) T

he
 s

eg
m

en
t o

f w
el

d 
le

ng
th

 u
se

d 
in

 o
ne

 g
ra

di
ng

 u
ni

t s
ha

ll 
no

t b
e 

us
ed

 in
 

an
ot

he
r g

ra
di

ng
 u

ni
t. 

 

(d
) G

ra
di

ng
 u

ni
ts

 n
ee

d 
no

t b
e 

un
ifo

rm
ly

 s
pa

ce
d 

ar
ou

nd
 th

e 
pi

pe
 s

pe
ci

m
en

. 
 

 

Ta
bl

e 
fo

r a
cc

ep
ta

nc
e 

cr
ite

ria
 fo

r t
hi

s 
su

pp
le

m
en

t. 
 N

ot
e 

th
at

 it
 is

 v
er

y 
si

m
ila

r t
o 

Ta
bl

e 
VI

II-
S

2-
1,

 b
ut

 th
er

e 
ar

e 
di

ffe
re

nc
es

.  
Th

e 
m

at
er

ia
l 

av
ai

la
bl

e 
fo

r t
hi

s 
de

m
on

st
ra

tio
n 

w
as

 li
m

ite
d;

 th
us

, 
th

e 
nu

m
be

r o
f u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 h

as
 b

ee
n 

re
du

ce
d.

  A
s 

a 
re

su
lt,

 th
is

 c
ha

ng
es

 th
e 

pa
ss

/fa
il 

cr
ite

rio
n 

ve
rs

us
 th

at
 in

 T
ab

le
 V

III
-S

2-
1.
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SU
PP

LE
M

EN
T 

10
 —

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 D
IS

SI
M

IL
AR

 M
ET

AL
 P

IP
IN

G
 W

EL
D

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(2
) P

er
so

nn
el

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
de

te
ct

io
n 

te
st

 s
et

s 
sh

al
l b

e 
se

le
ct

ed
 fr

om
 

Ta
bl

e 
VI

II-
S1

0-
1.

  T
he

 n
um

be
r o

f u
nf

la
w

ed
 g

ra
di

ng
 u

ni
ts

 s
ha

ll 
be

 a
t l

ea
st

 1
-1

/2
 ti

m
es

 th
e 

nu
m

be
r o

f f
la

w
ed

 g
ra

di
ng

 u
ni

ts
. 

N
ot

e 
th

at
 in

 S
up

pl
em

en
t 2

, t
he

 n
um

be
r o

f 
un

fla
w

ed
 g

ra
di

ng
 u

ni
ts

 w
as

 2
 ti

m
es

 th
e 

nu
m

be
r 

of
 fl

aw
ed

 g
ra

di
ng

 u
ni

ts
.  

In
 th

is
 c

as
e,

 it
 is

 a
t l

ea
st

 
1.

5 
tim

es
 th

e 
nu

m
be

r o
f f

la
w

ed
 g

ra
di

ng
 u

ni
ts

. 
(3

) F
la

w
ed

 a
nd

 u
nf

la
w

ed
 g

ra
di

ng
 u

ni
ts

 s
ha

ll 
be

 ra
nd

om
ly

 m
ix

ed
. 

 
(b

) E
xa

m
in

at
io

n 
eq

ui
pm

en
t a

nd
 p

er
so

nn
el

 a
re

 q
ua

lif
ie

d 
fo

r d
et

ec
tio

n 
w

he
n 

pe
rs

on
ne

l 
pe

rfo
rm

an
ce

 d
em

on
st

ra
tio

ns
 s

at
is

fy
 th

e 
ac

ce
pt

an
ce

 c
rit

er
ia

 o
f T

ab
le

 V
III

-S
10

-1
 fo

r b
ot

h 
de

te
ct

io
n 

an
d 

fa
ls

e 
ca

lls
. 

D
ef

in
es

 w
ha

t q
ua

lif
ie

d 
m

ea
ns

. 

3.
2 

 L
en

gt
h-

Si
zi

ng
 T

es
t 

 
(a

) E
ac

h 
re

po
rte

d 
ci

rc
um

fe
re

nt
ia

l f
la

w
 in

 th
e 

de
te

ct
io

n 
te

st
 s

ha
ll 

be
 le

ng
th

 s
iz

ed
. 

N
ot

e 
th

at
 th

is
 is

 o
nl

y 
fo

r c
irc

um
fe

re
nt

ia
lly

 
or

ie
nt

ed
 fl

aw
s 

fo
r t

he
 re

as
on

 e
xp

la
in

ed
 a

bo
ve

. 
(b

) W
he

n 
th

e 
le

ng
th

-s
iz

in
g 

te
st

 is
 c

on
du

ct
ed

 in
 c

on
ju

nc
tio

n 
w

ith
 th

e 
de

te
ct

io
n 

te
st

, a
nd

 
le

ss
 th

an
 te

n 
ci

rc
um

fe
re

nt
ia

l f
la

w
s 

ar
e 

de
te

ct
ed

, a
dd

iti
on

al
 s

pe
ci

m
en

s 
sh

al
l b

e 
pr

ov
id

ed
 to

 th
e 

ca
nd

id
at

e 
su

ch
 th

at
 a

t l
ea

st
 te

n 
fla

w
s 

ar
e 

si
ze

d.
  T

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

m
ay

 b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

le
ng

th
 

of
 th

e 
fla

w
 in

 e
ac

h 
re

gi
on

. 

N
ee

d 
to

 h
av

e 
10

 fl
aw

s 
fo

r l
en

gt
h 

si
zi

ng
; t

hi
s 

is
 th

e 
gu

id
an

ce
 n

ee
de

d 
to

 a
ch

ie
ve

 th
at

 n
um

be
r 

fo
r c

om
pu

tin
g 

R
M

S 
er

ro
r f

or
 a

ss
es

si
ng

 
ac

ce
pt

ab
ilit

y.
 

(c
) F

or
 a

 s
ep

ar
at

e 
le

ng
th

-s
iz

in
g 

te
st

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
m

ay
 b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 fl

aw
 

in
 e

ac
h 

re
gi

on
. 

 

(d
) E

xa
m

in
at

io
n 

pr
oc

ed
ur

es
, e

qu
ip

m
en

t, 
an

d 
pe

rs
on

ne
l a

re
 q

ua
lif

ie
d 

fo
r l

en
gt

h-
si

zi
ng

 
w

he
n 

th
e 

R
M

S 
er

ro
r o

f t
he

 fl
aw

 le
ng

th
 m

ea
su

re
m

en
ts

, c
om

pa
re

d 
to

 th
e 

tru
e 

fla
w

 le
ng

th
s,

 d
o 

no
t e

xc
ee

d 
0.

75
 in

. (
19

 m
m

). 

Pa
ss

/fa
il 

cr
ite

rio
n 

is
 c

on
si

st
en

t w
ith

 th
at

 o
f t

he
 

ot
he

r s
up

pl
em

en
ts

. 

3.
3 

 D
ep

th
-S

iz
in

g 
Te

st
 

 
(a

) T
he

 d
ep

th
-s

iz
in

g 
te

st
 m

ay
 b

e 
co

nd
uc

te
d 

se
pa

ra
te

ly
 o

r i
n 

co
nj

un
ct

io
n 

w
ith

 th
e 

de
te

ct
io

n 
te

st
. F

or
 a

 s
ep

ar
at

e 
de

pt
h-

si
zi

ng
 te

st
, t

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

m
ay

 b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

m
ax

im
um

 d
ep

th
 

of
 th

e 
fla

w
 in

 e
ac

h 
re

gi
on

. 

G
ui

da
nc

e 
on

 w
ha

t t
o 

do
 if

 d
oi

ng
 o

nl
y 

a 
de

pt
h-

si
zi

ng
 te

st
. 

(b
) W

he
n 

th
e 

de
pt

h-
si

zi
ng

 te
st

 is
 c

on
du

ct
ed

 in
 c

on
ju

nc
tio

n 
w

ith
 th

e 
de

te
ct

io
n 

te
st

, a
nd

 le
ss

 
th

an
 te

n 
fla

w
s 

ar
e 

de
te

ct
ed

, a
dd

iti
on

al
 s

pe
ci

m
en

s 
sh

al
l b

e 
pr

ov
id

ed
 to

 th
e 

ca
nd

id
at

e 
su

ch
 th

at
 

at
 le

as
t t

en
 fl

aw
s 

ar
e 

si
ze

d.
  T

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

m
ay

 
be

 id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

m
ax

im
um

 d
ep

th
 o

f t
he

 fl
aw

 
in

 e
ac

h 
re

gi
on

. 

If 
th

e 
de

te
ct

io
n 

te
st

 s
et

 is
 u

se
d 

an
d 

10
 fl

aw
s 

ar
e 

no
t d

et
ec

te
d,

 th
is

 p
ro

vi
si

on
 g

ui
de

s 
ho

w
 to

 
in

cl
ud

e 
ot

he
r f

la
w

s 
fo

r d
ep

th
 s

iz
in

g.
 

(c
) E

xa
m

in
at

io
n 

pr
oc

ed
ur

es
, e

qu
ip

m
en

t, 
an

d 
pe

rs
on

ne
l a

re
 q

ua
lif

ie
d 

fo
r d

ep
th

-s
iz

in
g 

w
he

n 
th

e 
R

M
S 

er
ro

r o
f t

he
 fl

aw
 d

ep
th

 m
ea

su
re

m
en

ts
, a

s 
co

m
pa

re
d 

to
 th

e 
tru

e 
fla

w
 d

ep
th

s,
 d

o 
no

t 
ex

ce
ed

 0
.1

25
 in

. (
3 

m
m

). 

Pa
ss

/fa
il 

cr
ite

rio
n 

co
ns

is
te

nt
 w

ith
 th

at
 o

f 
Su

pp
le

m
en

t 2
.  

H
ow

ev
er

, t
o 

da
te

 n
o 

in
si

de
 

su
rfa

ce
-a

pp
lie

d 
pr

oc
ed

ur
e 

ha
s 

su
cc

es
sf

ul
ly

 
sa

tis
fie

d 
th

is
 c

rit
er

io
n.
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EQ
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O
R

 D
IS

SI
M

IL
AR

 M
ET

AL
 P

IP
IN

G
 W

EL
D

S 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

 
 

4.
0 

 P
R

O
C

ED
U

R
E 

Q
U

AL
IF

IC
AT

IO
N

 
 

Pr
oc

ed
ur

e 
qu

al
ifi

ca
tio

n 
sh

al
l i

nc
lu

de
 th

e 
fo

llo
w

in
g 

ad
di

tio
na

l r
eq

ui
re

m
en

ts
. 

Th
is

 s
ec

tio
n 

re
qu

ire
s 

th
at

 a
 s

tri
ng

en
t 

pr
oc

ed
ur

e 
de

m
on

st
ra

tio
n 

co
ns

is
te

nt
 w

ith
 o

th
er

 
su

pp
le

m
en

ts
 b

e 
m

et
 a

lo
ng

 w
ith

 o
th

er
 re

qu
ire

-
m

en
ts

, t
o 

en
su

re
 th

at
 o

nl
y 

ro
bu

st
 p

ro
ce

du
re

s 
m

ak
e 

it 
th

ro
ug

h 
th

e 
qu

al
ifi

ca
tio

n 
pr

oc
es

s.
  T

he
 

pr
oc

ed
ur

e 
m

us
t d

em
on

st
ra

te
 th

at
 a

ll 
fla

w
s 

ca
n 

be
 

de
te

ct
ed

; o
th

er
w

is
e,

 if
 a

 fl
aw

 is
 n

ot
 d

et
ec

ta
bl

e 
an

d 
is

 in
cl

ud
ed

 in
 a

 te
st

 s
et

, t
he

 p
er

so
nn

el
 w

ill 
no

w
 b

e 
ta

ki
ng

 a
n 

8 
ou

t o
f 9

 te
st

 v
er

su
s 

an
 8

 o
ut

 
of

 1
0 

te
st

.  
Th

is
 w

ill 
re

du
ce

 p
er

so
nn

el
 p

as
s 

ra
te

s 
be

ca
us

e 
it 

is
 a

 li
m

ita
tio

n 
of

 th
e 

pr
oc

ed
ur

e 
an

d 
no

t 
th

e 
pe

rs
on

ne
l. 

 T
hu

s,
 th

e 
pr

oc
ed

ur
e 

te
st

 is
 v

er
y 

st
rin

ge
nt

 a
nd

 it
 m

us
t b

e 
im

pr
ov

ed
 to

 d
em

on
st

ra
te

 
al

l f
la

w
s 

ar
e 

de
te

ct
ab

le
 o

r t
he

 p
ro

ce
du

re
 w

ill 
ne

ed
 

to
 b

e 
lis

te
d 

w
ith

 li
m

ita
tio

ns
 id

en
tif

yi
ng

 w
ha

t i
t 

ca
nn

ot
 d

et
ec

t. 
(a

) T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f a
t l

ea
st

 th
re

e 
pe

rs
on

ne
l p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
te

st
 s

et
s.

  S
uc

ce
ss

fu
l p

er
so

nn
el

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

ns
 m

ay
 b

e 
co

m
bi

ne
d 

to
 s

at
is

fy
 th

es
e 

re
qu

ire
m

en
ts

. 

 

(b
) D

et
ec

ta
bi

lit
y 

of
 a

ll 
fla

w
s 

in
 th

e 
pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n 

te
st

 s
et

 th
at

 a
re

 w
ith

in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e 

sh
al

l b
e 

de
m

on
st

ra
te

d.
  L

en
gt

h 
an

d 
de

pt
h 

si
zi

ng
 s

ha
ll 

m
ee

t t
he

 re
qu

ire
m

en
ts

 
of

 3
.2

 a
nd

 3
.3

. 

 

(c
) A

t l
ea

st
 o

ne
 s

uc
ce

ss
fu

l p
er

so
nn

el
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sh
al

l b
e 

pe
rfo

rm
ed

. 
 

(d
) T

o 
qu

al
ify

 n
ew

 v
al

ue
s 

of
 e

ss
en

tia
l v

ar
ia

bl
es

, a
t l

ea
st

 o
ne

 p
er

so
nn

el
 p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
se

t i
s 

re
qu

ire
d.

  T
he

 a
cc

ep
ta

nc
e 

te
st

 c
rit

er
ia

 o
f 4

.0
(b

) s
ha

ll 
be

 m
et

. 
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N

 R
EQ

U
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EM
EN

TS
 F

O
R

 F
U

LL
 S

TR
U

C
TU

R
A

L 
O

VE
R

LA
ID

 W
R

O
U

G
H

T 
A

U
ST

EN
IT

IC
 P

IP
IN

G
 W

EL
D

S 

O
ve

rla
id

 p
ip

in
g 

ha
s 

be
en

 u
se

d 
ex

te
ns

iv
el

y 
in

 B
W

R
s 

to
 m

iti
ga

te
 IG

SC
C

 a
nd

 h
as

 re
ce

nt
ly

 b
ee

n 
us

ed
 to

 m
iti

ga
te

 S
C

C
 in

 In
co

ne
l a

llo
ys

 
of

 P
W

R
s.

  H
ow

ev
er

, t
he

 In
co

ne
l a

llo
ys

 a
re

 n
ot

 c
ov

er
ed

 b
y 

th
is

 s
up

pl
em

en
t. 

 C
ur

re
nt

ly
, t

hi
s 

su
pp

le
m

en
t i

s 
in

 th
e 

co
ur

se
 o

f b
ei

ng
 

re
vi

se
d 

to
 a

dd
re

ss
 le

ss
on

s 
le

ar
ne

d 
fro

m
 im

pl
em

en
ta

tio
n 

an
d 

to
 in

cl
ud

e 
th

e 
ca

pa
bi

lit
y 

to
 q

ua
lif

y 
pr

oc
ed

ur
es

 th
at

 a
re

 c
ap

ab
le

 o
f 

pe
ne

tra
tin

g 
la

rg
er

 e
xa

m
in

at
io

n 
vo

lu
m

es
 b

el
ow

 th
e 

ov
er

la
y 

its
el

f. 
 In

 o
rd

er
 to

 u
se

 th
e 

cu
rr

en
t q

ua
lif

ic
at

io
ns

, l
ic

en
se

es
 h

av
e 

to
 s

ee
k 

pe
rm

is
si

on
 to

 u
se

 a
lte

rn
at

iv
e 

qu
al

ifi
ca

tio
n 

cr
ite

ria
, b

ut
 th

e 
ch

an
ge

s 
m

ad
e 

ar
e 

co
ns

is
te

nt
 w

ith
 th

e 
ov

er
al

l t
ec

hn
ic

al
 b

as
is

 d
es

cr
ib

ed
 

be
lo

w
.  

Th
e 

sc
op

e 
is

 a
ls

o 
be

in
g 

ex
pa

nd
ed

 to
 c

ov
er

 d
is

si
m

ila
r m

et
al

 w
el

ds
 s

us
ce

pt
ib

le
 to

 p
rim

ar
y 

w
at

er
 s

tre
ss

 c
or

ro
si

on
 c

ra
ck

in
g 

(P
W

SC
C

). 
 

SU
PP

LE
M

EN
T 

11
 —

 Q
U

AL
IF

IC
AT

IO
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 F
U

LL
 S

TR
U

C
TU

R
AL

 O
VE

R
LA

ID
 W

R
O

U
G

H
T 

AU
ST

EN
IT

IC
 

PI
PI

N
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
1.

0 
 S

PE
C

IM
EN

 R
EQ

U
IR

EM
EN

TS
 

 
Q

ua
lif

ic
at

io
n 

te
st

 s
pe

ci
m

en
s 

sh
al

l m
ee

t t
he

 re
qu

ire
m

en
ts

 li
st

ed
 h

er
ei

n,
 u

nl
es

s 
a 

se
t o

f 
sp

ec
im

en
s 

is
 d

es
ig

ne
d 

to
 a

cc
om

m
od

at
e 

sp
ec

ifi
c 

lim
ita

tio
ns

 s
ta

te
d 

in
 th

e 
sc

op
e 

of
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

(e
.g

., 
pi

pe
 s

iz
e,

 w
el

d 
jo

in
t c

on
fig

ur
at

io
n,

 a
cc

es
s 

lim
ita

tio
ns

). 
 T

he
 s

am
e 

sp
ec

im
en

s 
m

ay
 b

e 
us

ed
 to

 d
em

on
st

ra
te

 b
ot

h 
de

te
ct

io
n 

an
d 

si
zi

ng
 q

ua
lif

ic
at

io
n.

 

 

1.
1 

 G
en

er
al

.  
Th

e 
sp

ec
im

en
 s

et
 s

ha
ll 

co
nf

or
m

 to
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

. 
 

(a
) S

pe
ci

m
en

s 
sh

al
l h

av
e 

su
ffi

ci
en

t v
ol

um
e 

to
 m

in
im

iz
e 

sp
ur

io
us

 re
fle

ct
io

ns
 th

at
 m

ay
 

in
te

rfe
re

 w
ith

 th
e 

in
te

rp
re

ta
tio

n 
pr

oc
es

s.
 

Th
e 

sp
ec

im
en

s 
ne

ed
 to

 b
e 

re
pr

es
en

ta
tiv

e 
an

d 
no

t h
av

e 
sp

ur
io

us
 s

ig
na

ls
. 

(b
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
co

ns
is

t o
f a

t l
ea

st
 th

re
e 

sp
ec

im
en

s 
ha

vi
ng

 d
iff

er
en

t n
om

in
al

 
pi

pe
 d

ia
m

et
er

s 
an

d 
ov

er
la

y 
th

ic
kn

es
se

s.
  T

he
y 

sh
al

l i
nc

lu
de

 th
e 

m
in

im
um

 a
nd

 m
ax

im
um

 
no

m
in

al
 p

ip
e 

di
am

et
er

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 a

pp
lic

ab
le

.  
P

ip
e 

di
am

et
er

s 
w

ith
in

 a
 ra

ng
e 

of
 0

.9
 to

 1
.5

 ti
m

es
 a

 n
om

in
al

 d
ia

m
et

er
 s

ha
ll 

be
 c

on
si

de
re

d 
eq

ui
va

le
nt

.  
If 

th
e 

pr
oc

ed
ur

e 
is

 a
pp

lic
ab

le
 to

 p
ip

e 
di

am
et

er
s 

of
 2

4 
in

. (
60

0 
m

m
) o

r l
ar

ge
r, 

th
e 

sp
ec

im
en

 s
et

 m
us

t 
in

cl
ud

e 
at

 le
as

t o
ne

 s
pe

ci
m

en
 2

4 
in

. (
60

0 
m

m
) o

r l
ar

ge
r b

ut
 n

ee
d 

no
t i

nc
lu

de
 th

e 
m

ax
im

um
 

di
am

et
er

.  
Th

e 
sp

ec
im

en
 s

et
 s

ha
ll 

in
cl

ud
e 

at
 le

as
t o

ne
 s

pe
ci

m
en

 w
ith

 o
ve

rla
y 

no
t t

hi
ck

er
 th

an
 

0.
1 

in
. (

2.
5 

m
m

) m
or

e 
th

an
 th

e 
m

in
im

um
 th

ic
kn

es
s,

 a
nd

 a
t l

ea
st

 o
ne

 s
pe

ci
m

en
 w

ith
 o

ve
r l

ay
 

no
t t

hi
nn

er
 th

an
 0

.2
5 

in
. (

6 
m

m
) l

es
s 

th
an

 th
e 

m
ax

im
um

 fo
r w

hi
ch

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
is

 a
pp

lic
ab

le
. 

Th
is

 p
ro

vi
si

on
 p

ro
vi

de
s 

ge
ne

ric
 g

ui
da

nc
e 

on
 

th
e 

nu
m

be
r o

f s
am

pl
es

 a
nd

 th
e 

ra
ng

e 
of

 e
ss

en
tia

l 
sp

ec
im

en
 v

ar
ia

bl
es

 th
at

 n
ee

d 
to

 b
e 

in
cl

ud
ed

.  
Th

is
 in

vo
lv

es
 th

e 
pi

pe
 d

ia
m

et
er

s,
 w

al
l 

th
ic

kn
es

se
s,

 a
nd

 th
e 

th
ic

kn
es

s 
of

 th
e 

ov
er

la
y.

 

(c
) T

he
 s

ur
fa

ce
 c

on
di

tio
n 

of
 a

t l
ea

st
 tw

o 
sp

ec
im

en
s 

sh
al

l a
pp

ro
xi

m
at

e 
th

e 
ro

ug
he

st
 

su
rfa

ce
 c

on
di

tio
n 

fo
r w

hi
ch

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
is

 a
pp

lic
ab

le
. 

Su
rfa

ce
 c

on
di

tio
ns

 c
an

 im
pa

ct
 in

sp
ec

tio
n 

ef
fe

ct
iv

en
es

s 
an

d,
 a

s 
su

ch
, m

us
t b

e 
re

pr
es

en
ta

tiv
e 

of
 fi

el
d 

co
nd

iti
on

s.
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R
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R
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(d

) F
la

w
 C

on
di

tio
ns

 
 

(1
) B

as
e 

m
et

al
 fl

aw
s.

  A
ll 

fla
w

s 
m

us
t b

e 
in

 o
r n

ea
r t

he
 b

ut
t w

el
d 

he
at

-a
ffe

ct
ed

 z
on

e,
 

op
en

 to
 th

e 
in

si
de

 s
ur

fa
ce

, a
nd

 e
xt

en
di

ng
 a

t l
ea

st
 7

5%
 th

ro
ug

h 
th

e 
ba

se
 m

et
al

 w
al

l. 
 

In
te

nt
io

na
l o

ve
rla

y 
fa

br
ic

at
io

n 
fla

w
s 

sh
al

l n
ot

 in
te

rfe
re

 w
ith

 u
ltr

as
on

ic
 d

et
ec

tio
n 

or
 

ch
ar

ac
te

riz
at

io
n 

of
 th

e 
ba

se
 m

et
al

 fl
aw

s.
  A

t l
ea

st
 7

0%
 o

f t
he

 fl
aw

s 
in

 th
e 

de
te

ct
io

n 
an

d 
si

zi
ng

 
te

st
s 

sh
al

l b
e 

ac
tu

al
 c

ra
ck

s.
  S

pe
ci

m
en

s 
co

nt
ai

ni
ng

 IG
SC

C
 s

ha
ll 

be
 u

se
d 

if 
th

ey
 a

re
 a

va
ila

bl
e.

  
If 

im
pl

an
ta

tio
n 

of
 a

ct
ua

l c
ra

ck
s 

pr
od

uc
es

 s
pu

rio
us

 re
fle

ct
or

s 
th

at
 a

re
 n

ot
 c

ha
ra

ct
er

is
tic

 o
f 

ac
tu

al
 fl

aw
s,

 a
lte

rn
at

iv
e 

fla
w

s 
m

ay
 b

e 
us

ed
 b

ut
 s

ha
ll 

co
m

pr
is

e 
no

t m
or

e 
th

an
 3

0%
 o

f t
he

 to
ta

l 
of

 b
as

e 
m

at
er

ia
l f

la
w

s.
  A

lte
rn

at
iv

e 
fla

w
s,

 if
 u

se
d,

 s
ha

ll 
pr

ov
id

e 
cr

ac
k-

lik
e 

re
fle

ct
iv

e 
ch

ar
ac

te
ris

tic
s 

an
d 

sh
al

l b
e 

se
m

ie
llip

tic
al

.  
Th

e 
tip

 w
id

th
 o

f t
he

 a
lte

rn
at

iv
e 

fla
w

s 
sh

al
l n

ot
 

ex
ce

ed
 0

.0
02

 in
. 

Fo
r I

G
SC

C
, t

he
 fl

aw
s 

ar
e 

in
 th

e 
he

at
-a

ffe
ct

ed
 

zo
ne

 o
f w

el
ds

; t
hu

s,
 th

ey
 m

us
t b

e 
in

 th
is

 lo
ca

tio
n 

in
 th

e 
te

st
 s

am
pl

es
.  

Th
is

 d
em

on
st

ra
tio

n 
is

 to
 

pr
ov

id
e 

ev
id

en
ce

 th
at

 if
 a

 fl
aw

 is
 a

t l
ea

st
 7

5%
 

th
ou

gh
-w

al
l, 

it 
w

ill 
be

 d
et

ec
te

d,
 a

nd
, a

s 
su

ch
, a

ll 
fla

w
s 

m
us

t b
e 

th
is

 s
iz

e 
or

 la
rg

er
.  

At
 le

as
t 7

0%
 o

f 
th

e 
fla

w
s 

ne
ed

 to
 b

e 
cr

ac
ks

 a
nd

 n
ee

d 
to

 u
se

 
IG

SC
C

 if
 th

ey
 a

re
 a

va
ila

bl
e.

  T
he

 a
lte

rn
at

iv
e 

fla
w

 
tip

 w
id

th
 is

 b
as

ed
 o

n 
Ty

pe
 A

 P
IS

C
 II

 p
ar

am
et

ric
 

st
ud

ie
s 

on
 s

im
ul

at
in

g 
th

e 
U

T 
re

sp
on

se
 o

f c
ra

ck
s.

 
(2

) O
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

s.
  A

t l
ea

st
 4

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
no

nc
ra

ck
 fa

br
ic

at
io

n 
fla

w
s 

(e
.g

., 
si

de
w

al
l l

ac
k 

of
 fu

si
on

 o
r l

am
in

ar
 la

ck
 o

f b
on

d)
 in

 th
e 

ov
er

la
y 

or
 th

e 
pi

pe
-to

-o
ve

rla
y 

in
te

rfa
ce

.  
At

 le
as

t 2
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

cr
ac

ks
.  

Th
e 

ba
la

nc
e 

of
 th

e 
fla

w
s 

sh
al

l b
e 

of
 

ei
th

er
 ty

pe
. 

Th
es

e 
ar

e 
th

e 
ty

pe
 o

f w
el

di
ng

 fl
aw

s 
ex

pe
ct

ed
 

to
 b

e 
pr

od
uc

ed
 a

nd
 n

ee
d 

to
 b

e 
in

cl
ud

ed
 in

 th
e 

de
m

on
st

ra
tio

n 
te

st
 s

et
.  

G
ui

da
nc

e 
is

 g
iv

en
 w

ith
 

so
m

e 
va

gu
en

es
s 

to
 e

ns
ur

e 
th

e 
te

st
in

g 
re

m
ai

ns
 

bl
in

d.
 

(e
) D

et
ec

tio
n 

Sp
ec

im
en

s 
 

(1
) A

t l
ea

st
 2

0%
 b

ut
 le

ss
 th

an
 4

0%
 o

f t
he

 b
as

e 
m

et
al

 fl
aw

s 
sh

al
l b

e 
or

ie
nt

ed
 w

ith
in

 
±2

0 
de

g 
of

 th
e 

pi
pe

 a
xi

al
 d

ire
ct

io
n.

  T
he

 re
m

ai
nd

er
 s

ha
ll 

be
 o

rie
nt

ed
 c

irc
um

fe
re

nt
ia

lly
.  

Fl
aw

s 
sh

al
l n

ot
 b

e 
op

en
 to

 a
ny

 s
ur

fa
ce

 to
 w

hi
ch

 th
e 

ca
nd

id
at

e 
ha

s 
ph

ys
ic

al
 o

r v
is

ua
l a

cc
es

s.
 

G
ui

da
nc

e 
is

 g
iv

en
 w

ith
 s

om
e 

va
gu

en
es

s 
to

 
en

su
re

 th
e 

te
st

in
g 

re
m

ai
ns

 b
lin

d.
 

(2
) S

pe
ci

m
en

s 
sh

al
l b

e 
di

vi
de

d 
in

to
 b

as
e 

m
et

al
 a

nd
 o

ve
rla

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

its
.  

Ea
ch

 s
pe

ci
m

en
 s

ha
ll 

co
nt

ai
n 

on
e 

or
 b

ot
h 

ty
pe

s 
of

 g
ra

di
ng

 u
ni

ts
.  

Fl
aw

s 
sh

al
l n

ot
 in

te
rfe

re
 w

ith
 

ul
tra

so
ni

c 
de

te
ct

io
n 

or
 c

ha
ra

ct
er

iz
at

io
n 

of
 o

th
er

 fl
aw

s.
 

G
ui

da
nc

e 
is

 g
iv

en
 w

ith
 s

om
e 

va
gu

en
es

s 
to

 
en

su
re

 th
e 

te
st

in
g 

re
m

ai
ns

 b
lin

d.
 

(a
)  

(1
) A

 b
as

e 
m

et
al

 g
ra

di
ng

 u
ni

t i
nc

lu
de

s 
th

e 
ov

er
la

y 
m

at
er

ia
l a

nd
 th

e 
ou

te
r 2

5%
 

of
 th

e 
or

ig
in

al
 o

ve
rla

id
 w

el
d.

  T
he

 b
as

e 
m

et
al

 g
ra

di
ng

 u
ni

t s
ha

ll 
ex

te
nd

 c
irc

um
fe

re
nt

ia
lly

 fo
r a

t 
le

as
t 1

 in
. (

25
 m

m
) a

nd
 s

ha
ll 

st
ar

t a
t t

he
 w

el
d 

ce
nt

er
lin

e 
an

d 
be

 w
id

e 
en

ou
gh

 in
 th

e 
ax

ia
l 

di
re

ct
io

n 
to

 e
nc

om
pa

ss
 o

ne
 h

al
f o

f t
he

 o
rig

in
al

 w
el

d 
cr

ow
n 

an
d 

at
 le

as
t ½

 in
. (

13
 m

m
) o

f t
he

 
ad

ja
ce

nt
 b

as
e 

m
at

er
ia

l. 
 F

or
 a

xi
al

ly
-o

rie
nt

ed
 d

is
co

nt
in

ui
tie

s,
 th

e 
ax

ia
l d

im
en

si
on

 o
f t

he
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
t m

ay
 e

nc
om

pa
ss

 th
e 

or
ig

in
al

 w
el

d 
cr

ow
n 

an
d 

at
 le

as
t ½

 in
. (

13
 m

m
) o

f t
he

 
ad

ja
ce

nt
 b

as
e 

m
at

er
ia

ls
. 

 

(2
) W

he
n 

ba
se

 m
et

al
 fl

aw
s 

pe
ne

tra
te

 in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l, 
th

e 
ba

se
 m

et
al

 
gr

ad
in

g 
un

it 
sh

al
l n

ot
 b

e 
us

ed
 a

s 
pa

rt 
of

 a
ny

 o
ve

rla
y 

gr
ad

in
g 

un
it.

 
 

(3
) S

uf
fic

ie
nt

 u
nf

la
w

ed
 o

ve
rla

id
 w

el
d 

an
d 

ba
se

 m
et

al
 s

ha
ll 

ex
is

t o
n 

al
l s

id
es

 o
f 

th
e 

gr
ad

in
g 

un
it 

to
 p

re
cl

ud
e 

in
te

rfe
rin

g 
re

fle
ct

io
ns

 fr
om

 a
dj

ac
en

t f
la

w
s.
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R
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R
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R
O

U
G

H
T 

AU
ST

EN
IT

IC
 

PI
PI

N
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(b

)  
(1

) A
n 

ov
er

la
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

sh
al

l i
nc

lu
de

 th
e 

ov
er

la
y 

m
at

er
ia

l a
nd

 
th

e 
ba

se
 m

et
al

-to
-o

ve
rla

y 
in

te
rfa

ce
 fo

r a
 le

ng
th

 o
f a

t l
ea

st
 1

 in
. (

25
 m

m
). 

 

(2
) O

ve
rla

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

its
 d

es
ig

ne
d 

to
 b

e 
un

fla
w

ed
 s

ha
ll 

be
 

se
pa

ra
te

d 
by

 u
nf

la
w

ed
 o

ve
rla

y 
m

at
er

ia
l a

nd
 u

nf
la

w
ed

 b
as

e 
m

et
al

-to
-o

ve
rla

y 
in

te
rfa

ce
 fo

r a
t 

le
as

t 1
 in

. (
25

 m
m

) a
t b

ot
h 

en
ds

.  
Su

ffi
ci

en
t u

nf
la

w
ed

 o
ve

rla
id

 w
el

d 
an

d 
ba

se
 m

et
al

 s
ha

ll 
ex

is
t 

on
 b

ot
h 

si
de

s 
of

 th
e 

ov
er

la
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

to
 p

re
cl

ud
e 

in
te

rfe
rin

g 
re

fle
ct

io
ns

 fr
om

 
ad

ja
ce

nt
 fl

aw
s.

  T
he

 s
pe

ci
fic

 a
re

a 
us

ed
 in

 o
ne

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

sh
al

l n
ot

 b
e 

us
ed

 in
 a

no
th

er
 o

ve
rla

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

it.
  O

ve
rla

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

its
 n

ee
d 

no
t b

e 
sp

ac
ed

 u
ni

fo
rm

ly
 a

bo
ut

 th
e 

sp
ec

im
en

. 

 

(3
) D

et
ec

tio
n 

se
ts

 s
ha

ll 
be

 s
el

ec
te

d 
fro

m
 T

ab
le

 V
III

 S
2-

1.
  T

he
 m

in
im

um
 

de
te

ct
io

n 
sa

m
pl

e 
se

t i
s 

fiv
e 

fla
w

ed
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
ts

, t
en

 u
nf

la
w

ed
 b

as
e 

m
et

al
 g

ra
di

ng
 

un
its

, f
iv

e 
fla

w
ed

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

, a
nd

 te
n 

un
fla

w
ed

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

.  
Fo

r e
ac

h 
ty

pe
 o

f g
ra

di
ng

 u
ni

t, 
th

e 
se

t s
ha

ll 
co

nt
ai

n 
at

 le
as

t t
w

ic
e 

as
 m

an
y 

un
fla

w
ed

 a
s 

fla
w

ed
 g

ra
di

ng
 u

ni
ts

.  
Fo

r i
ni

tia
l p

ro
ce

du
re

 q
ua

lif
ic

at
io

n,
 d

et
ec

tio
n 

se
ts

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
ts

.  
To

 q
ua

lif
y 

ne
w

 v
al

ue
s 

of
 e

ss
en

tia
l 

va
ria

bl
es

, a
t l

ea
st

 o
ne

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
t i

s 
re

qu
ire

d.
 

 

(f)
 S

iz
in

g 
Sp

ec
im

en
 

 
(1

) T
he

 m
in

im
um

 n
um

be
r o

f f
la

w
s 

sh
al

l b
e 

te
n.

  A
t l

ea
st

 3
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

ov
er

la
y 

fa
br

ic
at

io
n 

fla
w

s.
  A

t l
ea

st
 4

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
op

en
 to

 th
e 

in
si

de
 s

ur
fa

ce
.  

To
 

as
se

ss
 s

iz
in

g 
ca

pa
bi

lit
ie

s,
 s

iz
in

g 
se

ts
 s

ha
ll 

co
nt

ai
n 

a 
re

pr
es

en
ta

tiv
e 

di
st

rib
ut

io
n 

of
 fl

aw
 

di
m

en
si

on
s.

  F
or

 in
iti

al
 p

ro
ce

du
re

 q
ua

lif
ic

at
io

n,
 s

iz
in

g 
se

ts
 s

ha
ll 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n 
se

ts
.  

To
 q

ua
lif

y 
ne

w
 v

al
ue

s 
of

 e
ss

en
tia

l v
ar

ia
bl

es
, a

t l
ea

st
 o

ne
 

pe
rs

on
ne

l q
ua

lif
ic

at
io

n 
se

t i
s 

re
qu

ire
d.

 

Th
is

 p
ro

vi
si

on
 re

qu
ire

s 
th

e 
us

e 
of

 a
 m

in
im

um
 

of
 1

0 
fla

w
s 

an
d 

en
su

re
s 

ro
bu

st
ne

ss
 o

f t
he

 
pr

oc
ed

ur
e 

by
 h

av
in

g 
to

 m
ee

t t
he

 e
qu

iv
al

en
t o

f 
th

re
e 

pe
rs

on
ne

l q
ua

lif
ic

at
io

ns
 te

st
 s

et
s.

  E
ss

en
tia

l 
va

ria
bl

es
 a

re
 e

xt
en

de
d 

by
 h

av
in

g 
su

cc
es

sf
ul

 
pe

rs
on

ne
l p

er
fo

rm
an

ce
 q

ua
lif

ic
at

io
n.

 
(2

) A
t l

ea
st

 2
0%

 b
ut

 le
ss

 th
an

 4
0%

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

or
ie

nt
ed

 a
xi

al
ly

.  
Th

e 
re

m
ai

nd
er

 s
ha

ll 
be

 o
rie

nt
ed

 c
irc

um
fe

re
nt

ia
lly

.  
Fl

aw
s 

sh
al

l n
ot

 b
e 

op
en

 to
 a

ny
 s

ur
fa

ce
 to

 w
hi

ch
 

th
e 

ca
nd

id
at

e 
ha

s 
ph

ys
ic

al
 o

r v
is

ua
l a

cc
es

s.
 

G
ui

da
nc

e 
is

 g
iv

en
 w

ith
 s

om
e 

va
gu

en
es

s 
to

 
en

su
re

 th
e 

te
st

in
g 

re
m

ai
ns

 b
lin

d.
 

(3
) B

as
e 

m
et

al
 fl

aw
s 

us
ed

 fo
r l

en
gt

h 
si

zi
ng

 d
em

on
st

ra
tio

ns
 s

ha
ll 

be
 o

rie
nt

ed
 

ci
rc

um
fe

re
nt

ia
lly

. 
Th

is
 is

 c
on

si
st

en
t w

ith
 o

th
er

 s
up

pl
em

en
ts

 
re

ga
rd

in
g 

fla
w

 o
rie

nt
at

io
n 

fo
r l

en
gt

h 
si

zi
ng

 
be

ca
us

e 
ax

ia
l f

la
w

s 
ar

e 
lim

ite
d 

in
 le

ng
th

 b
y 

th
e 

si
ze

 o
f t

he
 w

el
dm

en
ts

. 
(4

) D
ep

th
 s

iz
in

g 
sp

ec
im

en
 s

et
s 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 tw
o 

di
st

in
ct

 lo
ca

tio
ns

 w
he

re
 a

 
ba

se
 m

et
al

 fl
aw

 e
xt

en
ds

 in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l b
y 

at
 le

as
t 0

.1
 in

. (
2.

5 
m

m
) i

n 
th

e 
th

ro
ug

h-
w

al
l d

ire
ct

io
n.

 

Th
e 

ab
ilit

y 
to

 d
et

er
m

in
e 

th
at

 a
n 

ex
is

tin
g 

fla
w

 
ha

s 
no

t p
ro

pa
ga

te
d 

in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l i
s 

im
po

rta
nt

 in
 d

et
er

m
in

in
g 

th
e 

co
nt

in
ue

d 
ef

fe
ct

iv
e-

ne
ss

 o
f t

he
 o

ve
rla

y 
re

pa
ir.
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R
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R
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ST

EN
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PI
PI

N
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
2.

0 
 C

O
N

D
U

C
T 

O
F 

PE
R

FO
R

M
AN

C
E 

D
EM

O
N

ST
R

AT
IO

N
S 

 
Th

e 
sp

ec
im

en
 in

si
de

 s
ur

fa
ce

 a
nd

 id
en

tif
ic

at
io

n 
sh

al
l b

e 
co

nc
ea

le
d 

fro
m

 th
e 

ca
nd

id
at

e.
  A

ll 
ex

am
in

at
io

ns
 s

ha
ll 

be
 c

om
pl

et
ed

 p
rio

r t
o 

gr
ad

in
g 

th
e 

re
su

lts
 a

nd
 p

re
se

nt
in

g 
th

e 
re

su
lts

 to
 th

e 
ca

nd
id

at
e.

  D
iv

ul
ge

nc
e 

of
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 re

su
lts

 o
r c

an
di

da
te

 v
ie

w
in

g 
of

 u
nm

as
ke

d 
sp

ec
im

en
s 

af
te

r t
he

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
is

 p
ro

hi
bi

te
d.

  T
he

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

 
te

st
 a

nd
 th

e 
ba

se
 m

et
al

 fl
aw

 te
st

 m
ay

 b
e 

pe
rfo

rm
ed

 s
ep

ar
at

el
y.

 

G
ui

da
nc

e 
on

 k
ee

pi
ng

 th
e 

de
m

on
st

ra
tio

ns
 

bl
in

d.
 

2.
1 

 D
et

ec
tio

n 
Te

st
.  

Fl
aw

ed
 a

nd
 u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 ra

nd
om

ly
 m

ix
ed

.  
Al

th
ou

gh
 th

e 
bo

un
da

rie
s 

of
 s

pe
ci

fic
 g

ra
di

ng
 u

ni
ts

 s
ha

ll 
no

t b
e 

re
ve

al
ed

 to
 th

e 
ca

nd
id

at
e,

 th
e 

ca
nd

id
at

e 
sh

al
l b

e 
m

ad
e 

aw
ar

e 
of

 th
e 

ty
pe

 o
r t

yp
es

 o
f g

ra
di

ng
 u

ni
ts

 (b
as

e 
m

et
al

 o
r o

ve
rla

y 
fa

br
ic

at
io

n)
 th

at
 a

re
 p

re
se

nt
 fo

r e
ac

h 
sp

ec
im

en
. 

G
ui

da
nc

e 
is

 g
iv

en
 w

ith
 s

om
e 

va
gu

en
es

s 
to

 
en

su
re

 th
e 

te
st

in
g 

re
m

ai
ns

 b
lin

d.
 

2.
2 

 L
en

gt
h 

Si
zi

ng
 T

es
t 

G
ui

da
nc

e 
on

 h
ow

 to
 c

on
du

ct
 le

ng
th

 s
iz

in
g 

de
m

on
st

ra
tio

n 
te

st
in

g.
 

(a
) T

he
 le

ng
th

 s
iz

in
g 

te
st

 m
ay

 b
e 

co
nd

uc
te

d 
se

pa
ra

te
ly

 o
r i

n 
co

nj
un

ct
io

n 
w

ith
 th

e 
de

te
ct

io
n 

te
st

. 
 

(b
) I

f t
he

 le
ng

th
 s

iz
in

g 
te

st
 is

 c
on

du
ct

ed
 in

 c
on

ju
nc

tio
n 

w
ith

 th
e 

de
te

ct
io

n 
te

st
 a

nd
 th

e 
de

te
ct

ed
 fl

aw
s 

do
 n

ot
 s

at
is

fy
 th

e 
re

qu
ire

m
en

ts
 o

f 1
.1

 (f
), 

ad
di

tio
na

l s
pe

ci
m

en
s 

sh
al

l b
e 

pr
ov

id
ed

 to
 th

e 
ca

nd
id

at
e.

  T
he

 re
gi

on
s 

co
nt

ai
ni

ng
 a

 fl
aw

 to
 b

e 
si

ze
d 

sh
al

l b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

le
ng

th
 o

f t
he

 fl
aw

 in
 e

ac
h 

re
gi

on
. 

 

(c
) F

or
 a

 s
ep

ar
at

e 
le

ng
th

 s
iz

in
g 

te
st

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 fl

aw
 

in
 e

ac
h 

re
gi

on
. 

 

(d
) F

or
 fl

aw
s 

in
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
ts

, t
he

 c
an

di
da

te
 s

ha
ll 

es
tim

at
e 

th
e 

le
ng

th
 o

f t
ha

t 
pa

rt 
of

 th
e 

fla
w

 th
at

 is
 in

 th
e 

ou
te

r 2
5%

 o
f t

he
 b

as
e 

w
al

l t
hi

ck
ne

ss
. 

 

2.
3 

 D
ep

th
 S

iz
in

g 
Te

st
 

G
ui

da
nc

e 
on

 h
ow

 to
 c

on
du

ct
 d

ep
th

 s
iz

in
g 

pe
rfo

rm
an

ce
 q

ua
lif

ic
at

io
n 

te
st

in
g.

 
(a

) D
ep

th
 s

iz
in

g 
co

ns
is

ts
 o

f m
ea

su
rin

g 
th

e 
m

et
al

 th
ic

kn
es

s 
ab

ov
e 

th
e 

fla
w

 (i
.e

., 
re

m
ai

ni
ng

 
lig

am
en

t),
 a

nd
 m

ay
 b

e 
co

nd
uc

te
d 

se
pa

ra
te

ly
 o

r i
n 

co
nj

un
ct

io
n 

w
ith

 th
e 

de
te

ct
io

n 
te

st
. 

 

(b
) I

f t
he

 d
ep

th
 s

iz
in

g 
te

st
 is

 c
on

du
ct

ed
 in

 c
on

ju
nc

tio
n 

w
ith

 th
e 

de
te

ct
io

n 
te

st
 a

nd
 th

e 
de

te
ct

ed
 fl

aw
s 

do
 n

ot
 s

at
is

fy
 th

e 
re

qu
ire

m
en

ts
 o

f 1
.1

 (f
), 

ad
di

tio
na

l s
pe

ci
m

en
s 

sh
al

l b
e 

pr
ov

id
ed

 to
 th

e 
ca

nd
id

at
e.

  T
he

 re
gi

on
s 

co
nt

ai
ni

ng
 a

 fl
aw

 to
 b

e 
si

ze
d 

sh
al

l b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

m
ax

im
um

 d
ep

th
 o

f t
he

 fl
aw

 in
 e

ac
h 

re
gi

on
. 

 

(c
) F

or
 a

 s
ep

ar
at

e 
de

pt
h 

si
zi

ng
 te

st
, t

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

sh
al

l b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

m
ax

im
um

 d
ep

th
 

of
 th

e 
fla

w
 in

 e
ac

h 
re

gi
on

. 
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 Q
U
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IC
AT
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N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 F
U

LL
 S

TR
U

C
TU

R
AL

 O
VE

R
LA

ID
 W

R
O

U
G

H
T 

AU
ST

EN
IT

IC
 

PI
PI

N
G

 W
EL

D
S 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
3.

0 
 A

C
C

EP
TA

N
C

E 
C

R
IT

ER
IA

 
 

3.
1 

 D
et

ec
tio

n 
A

cc
ep

ta
nc

e 
C

rit
er

ia
 

 
(a

) E
xa

m
in

at
io

n 
pr

oc
ed

ur
es

 s
ha

ll 
be

 q
ua

lif
ie

d 
as

 fo
llo

w
s:

 
Th

e 
se

ct
io

n 
pr

ov
id

es
 s

tri
ng

en
t r

eq
ui

re
m

en
ts

 
fo

r t
he

 p
ro

ce
du

re
.  

Th
is

 is
 c

on
si

st
en

t w
ith

 o
th

er
 

su
pp

le
m

en
ts

. 
(1

) A
ll 

fla
w

s 
w

ith
in

 th
e 

sc
op

e 
of

 th
e 

pr
oc

ed
ur

e 
sh

al
l b

e 
de

te
ct

ed
, a

nd
 th

e 
re

su
lts

 o
f t

he
 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

sh
al

l s
at

is
fy

 th
e 

ac
ce

pt
an

ce
 c

rit
er

ia
 o

f T
ab

le
 V

III
-S

2-
1 

fo
r f

al
se

 
ca

lls
. 

 

(2
) A

t l
ea

st
 o

ne
 s

uc
ce

ss
fu

l p
er

so
nn

el
 d

em
on

st
ra

tio
n 

sh
al

l b
e 

pe
rfo

rm
ed

 m
ee

tin
g 

th
e 

ac
ce

pt
an

ce
 c

rit
er

ia
 d

ef
in

ed
 in

 3
.1

(b
). 

 

(b
) E

xa
m

in
at

io
n 

eq
ui

pm
en

t a
nd

 p
er

so
nn

el
 s

ha
ll 

be
 c

on
si

de
re

d 
qu

al
ifi

ed
 fo

r d
et

ec
tio

n 
if 

th
e 

re
su

lts
 o

f t
he

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
sa

tis
fy

 th
e 

ac
ce

pt
an

ce
 c

rit
er

ia
 o

f T
ab

le
 V

III
-S

2-
1 

fo
r 

bo
th

 d
et

ec
tio

n 
an

d 
fa

ls
e 

ca
lls

. 

 

(c
) T

he
 c

rit
er

ia
 in

 3
.1

 (a
) a

nd
 3

.1
(b

) s
ha

ll 
be

 s
at

is
fie

d 
se

pa
ra

te
ly

 b
y 

th
e 

de
m

on
st

ra
tio

n 
re

su
lts

 fo
r b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
ts

 a
nd

 b
y 

th
os

e 
fo

r o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

. 
 

3.
2 

 S
iz

in
g 

A
cc

ep
ta

nc
e 

C
rit

er
ia

.  
Ex

am
in

at
io

n 
pr

oc
ed

ur
es

, e
qu

ip
m

en
t, 

an
d 

pe
rs

on
ne

l 
ar

e 
qu

al
ifi

ed
 fo

r s
iz

in
g 

w
he

n 
th

e 
re

su
lts

 o
f t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

sa
tis

fy
 th

e 
fo

llo
w

in
g 

cr
ite

ria
. 

 

(a
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 le

ng
th

 m
ea

su
re

m
en

ts
, a

s 
co

m
pa

re
d 

to
 th

e 
tru

e 
fla

w
 le

ng
th

s,
 

is
 le

ss
 th

an
 o

r e
qu

al
 to

 0
.7

5 
in

. (
19

 m
m

). 
 T

he
 le

ng
th

 o
f a

 b
as

e 
m

et
al

 fl
aw

 is
 m

ea
su

re
d 

at
 th

e 
75

%
 th

ro
ug

h-
ba

se
-m

et
al

 p
os

iti
on

. 

Th
is

 is
 c

on
si

st
en

t w
ith

 a
ll 

of
 th

e 
su

pp
le

m
en

ts
. 

(b
) T

he
 R

M
S 

er
ro

r o
f t

he
 fl

aw
 d

ep
th

 m
ea

su
re

m
en

ts
, a

s 
co

m
pa

re
d 

to
 th

e 
tru

e 
fla

w
 d

ep
th

s,
 

is
 le

ss
 th

an
 o

r e
qu

al
 to

 0
.1

25
 in

. (
3.

2 
m

m
). 

Th
is

 re
qu

ire
m

en
t i

s 
co

ns
is

te
nt

 w
ith

 th
at

 o
f 

Su
pp

le
m

en
t 2

. 
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3.
2.

12
 

SU
PP

LE
M

EN
T 

12
 —

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 C
O

O
R

D
IN

A
TE

D
 IM

PL
EM

EN
TA

TI
O

N
 O

F 
SE

LE
C

TE
D

 A
SP

EC
TS

 
O

F 
SU

PP
LE

M
EN

TS
 2

 A
N

D
 3

 

Th
is

 s
et

 o
f r

eq
ui

re
m

en
ts

 w
as

 b
as

ed
 o

n 
th

e 
ex

pe
rie

nc
e 

fro
m

 th
e 

ro
un

d-
ro

bi
n 

st
ud

ie
s 

(N
U

R
EG

/C
R

-5
06

8,
 H

ea
sl

er
 a

nd
 D

oc
to

r 1
99

6)
, 

w
hi

ch
 s

ho
w

ed
 th

at
 fe

rri
tic

 s
te

el
 is

 m
uc

h 
ea

si
er

 to
 in

sp
ec

t t
ha

n 
au

st
en

iti
c 

st
ai

nl
es

s 
st

ee
l. 

 S
ta

tis
tic

al
 th

eo
ry

 s
ta

te
s 

th
at

, i
f o

ne
 is

 c
er

ta
in

 
th

at
 o

ne
 te

st
 is

 m
or

e 
di

ffi
cu

lt 
th

an
 a

no
th

er
, o

ne
 m

ay
 d

em
on

st
ra

te
 th

e 
eq

ui
va

le
nt

 c
ap

ab
ilit

y 
on

 th
e 

ea
si

er
 te

st
 w

ith
 fe

w
er

 n
um

be
rs

 o
f 

sa
m

pl
es

.  
Th

is
 s

up
pl

em
en

t a
ss

um
es

 th
at

 e
ss

en
tia

lly
 th

e 
sa

m
e 

in
sp

ec
tio

n 
pr

oc
ed

ur
e 

w
ill 

be
 u

se
d 

fo
r f

er
rit

ic
 p

ip
in

g 
as

 fo
r a

us
te

ni
tic

 
pi

pi
ng

.  
Th

is
 s

up
pl

em
en

t i
s 

sp
ec

ifi
ca

lly
 fo

r i
ns

pe
ct

io
ns

 c
on

du
ct

ed
 fr

om
 th

e 
ou

ts
id

e 
of

 th
e 

pi
pi

ng
. 

 
SU

PP
LE

M
EN

T 
12

 —
 R

EQ
U

IR
EM

EN
TS

 F
O

R
 C

O
O

R
D

IN
AT

ED
 IM

PL
EM

EN
TA

TI
O

N
 O

F 
SE

LE
C

TE
D

 A
SP

EC
TS

 O
F 

SU
PP

LE
M

EN
TS

 2
 A

N
D

 3
 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
1.

0 
 S

C
O

PE
 

 
Th

is
 S

up
pl

em
en

t p
ro

vi
de

s 
fo

r e
xp

an
si

on
 o

f S
up

pl
em

en
t 2

 q
ua

lif
ic

at
io

ns
 to

 p
er

m
it 

co
or

di
na

te
d 

qu
al

ifi
ca

tio
n 

fo
r S

up
pl

em
en

t 3
. 

 

 
 

2.
0 

 D
ET

EC
TI

O
N

 A
N

D
 L

EN
G

TH
 S

IZ
IN

G
 

 
2.

1 
 F

er
rit

ic
 P

ip
in

g 
Ex

am
in

at
io

n 
pe

rs
on

ne
l, 

eq
ui

pm
en

t, 
an

d 
pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n 

re
qu

ire
m

en
ts

 fo
r d

et
ec

tio
n 

an
d 

le
ng

th
 s

iz
in

g 
fo

r S
up

pl
em

en
ts

 2
 a

nd
 3

 a
re

 s
at

is
fie

d 
w

he
n 

th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
 a

re
 

m
et

. 

G
ui

da
nc

e 
is

 g
iv

en
 fo

r w
ha

t n
ee

ds
 to

 b
e 

do
ne

 
to

 in
cl

ud
e 

fe
rr

iti
c 

pi
pi

ng
 a

s 
an

 a
dd

-o
n 

to
 a

 
Su

pp
le

m
en

t 2
 q

ua
lif

ic
at

io
n.

 

(a
) F

or
 d

et
ec

tio
n 

qu
al

ifi
ca

tio
n,

 a
t l

ea
st

 th
re

e 
ad

di
tio

na
l f

la
w

ed
 g

ra
di

ng
 u

ni
ts

 a
nd

 s
ix

 
ad

di
tio

na
l u

nf
la

w
ed

 u
ni

ts
 in

 fe
rr

iti
c 

pi
pi

ng
 s

ha
ll 

be
 a

dd
ed

 to
 th

e 
te

st
 s

et
.  

A 
gr

ad
in

g 
un

it 
sh

al
l 

in
cl

ud
e 

at
 le

as
t 3

 in
. (

75
 m

m
) c

on
tin

uo
us

 w
el

d 
le

ng
th

.  
Al

l n
in

e 
fe

rr
iti

c 
gr

ad
in

g 
un

its
 s

ha
ll 

be
 

co
rr

ec
tly

 id
en

tif
ie

d.
 

 

(b
) T

he
 d

em
on

st
ra

tio
n 

sh
al

l m
ee

t t
he

 re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 2
, e

xc
ep

t t
ha

t f
or

 le
ng

th
 

si
zi

ng
 q

ua
lif

ic
at

io
n,

 th
e 

m
in

im
um

 n
um

be
r o

f f
la

w
s 

sh
al

l b
e 

te
n,

 a
nd

 th
e 

sp
ec

im
en

 s
et

 s
ha

ll 
in

cl
ud

e 
at

 le
as

t t
hr

ee
, b

ut
 n

ot
 m

or
e 

th
an

 fo
ur

, f
la

w
s 

in
 fe

rr
iti

c 
m

at
er

ia
l. 

 

 
 

3.
0 

 D
EP

TH
 S

IZ
IN

G
 

 
Ex

am
in

at
io

n 
pe

rs
on

ne
l, 

eq
ui

pm
en

t, 
an

d 
pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n 

re
qu

ire
m

en
ts

 fo
r d

ep
th

 
si

zi
ng

 fo
r m

or
e 

th
an

 o
ne

 o
f S

up
pl

em
en

ts
 2

 a
nd

 3
 a

re
 m

et
 b

y 
th

e 
fo

llo
w

in
g 

de
m

on
st

ra
tio

n.
 

 

(a
) S

pe
ci

m
en

s 
 

(1
) T

he
 m

in
im

um
 n

um
be

r o
f f

la
w

s 
sh

al
l b

e 
te

n.
 

N
ee

d 
to

 h
av

e 
a 

m
in

im
um

 o
f 1

0 
fla

w
s 

in
 o

rd
er

 
to

 a
de

qu
at

el
y 

as
se

ss
 s

iz
in

g 
ef

fe
ct

iv
en

es
s.
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SU
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LE
M

EN
T 

12
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 R
EQ

U
IR

EM
EN

TS
 F

O
R

 C
O

O
R

D
IN

AT
ED

 IM
PL

EM
EN

TA
TI

O
N

 O
F 

SE
LE

C
TE

D
 A

SP
EC

TS
 O

F 
SU

PP
LE

M
EN

TS
 2

 A
N

D
 3

 
 

R
at

io
na

le
 fo

r R
eq

ui
re

m
en

t a
nd

 R
el

at
io

n 
to

 R
ef

er
en

ce
ab

le
 D

oc
um

en
ta

tio
n 

(2
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
at

 le
as

t f
ou

r b
ut

 n
o 

m
or

e 
th

an
 fi

ve
 S

up
pl

em
en

t 3
 

fla
w

s.
 

Su
pp

le
m

en
t 3

 o
n 

fe
rr

iti
c 

m
at

er
ia

l i
s 

on
e 

of
 th

e 
ea

si
es

t m
at

er
ia

ls
 to

 in
sp

ec
t, 

so
 th

is
 re

qu
ire

m
en

t 
lim

its
 th

e 
te

st
 s

et
 to

 h
av

e 
a 

m
ax

im
um

 o
f f

iv
e 

Su
pp

le
m

en
t 3

 fl
aw

s;
 th

e 
ot

he
r f

la
w

s 
m

us
t m

ee
t 

th
e 

re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 2
. 

(3
) T

he
 o

ve
ra

ll 
fla

w
 d

ep
th

 d
is

tri
bu

tio
n 

sh
al

l m
ee

t t
he

 re
qu

ire
m

en
ts

 o
f S

up
pl

em
en

t 2
, 

1.
3(

b)
. 

G
ui

da
nc

e 
is

 g
iv

en
 fo

r g
et

tin
g 

a 
ra

ng
e 

of
 fl

aw
 

si
ze

s,
 b

ut
 a

ga
in

 th
er

e 
is

 s
om

e 
va

gu
en

es
s 

to
 

en
su

re
 th

at
 th

e 
te

st
in

g 
re

m
ai

ns
 b

lin
d.

 
(b

) T
he

 d
em

on
st

ra
tio

n 
sh

al
l b

e 
co

nd
uc

te
d 

in
 a

cc
or

da
nc

e 
w

ith
 th

e 
re

qu
ire

m
en

ts
 o

f 
Su

pp
le

m
en

t 2
, 2

.2
(b

). 
 

(c
) T

he
 e

xa
m

in
at

io
n 

pr
oc

ed
ur

e,
 e

qu
ip

m
en

t, 
an

d 
pe

rs
on

ne
l a

re
 q

ua
lif

ie
d 

fo
r d

ep
th

 s
iz

in
g 

un
de

r e
ac

h 
of

 th
e 

S
up

pl
em

en
ts

 a
dd

re
ss

ed
 b

y 
th

e 
de

m
on

st
ra

tio
n 

w
he

n 
th

e 
R

M
S 

er
ro

r o
f t

he
 

fla
w

 d
ep

th
 m

ea
su

re
m

en
ts

, a
s 

co
m

pa
re

d 
to

 th
e 

tru
e 

fla
w

 d
ep

th
s,

 d
oe

s 
no

t e
xc

ee
d 

0.
12

5 
in

. 
(3

.2
 m

m
). 

Bo
th

 s
up

pl
em

en
ts

 h
av

e 
th

e 
sa

m
e 

re
qu

ire
-

m
en

t f
or

 d
ep

th
 s

iz
in

g,
 a

nd
 th

is
 is

 ju
st

 c
iti

ng
 w

ha
t 

th
at

 is
. 

3.
2.

13
 

SU
PP

LE
M

EN
T 

13
 —

 D
EL

ET
ED

 

Th
is

 s
up

pl
em

en
t w

as
 o

rig
in

al
ly

 d
es

ig
ne

d 
to

 p
ro

vi
de

 a
 c

oo
rd

in
at

ed
 im

pl
em

en
ta

tio
n 

of
 s

el
ec

te
d 

as
pe

ct
s 

of
 S

up
pl

em
en

ts
 4

, 5
, 6

, a
nd

 7
.  

H
ow

ev
er

, w
he

n 
th

es
e 

fo
ur

 s
up

pl
em

en
ts

 w
er

e 
su

bs
ta

nt
ia

lly
 m

od
ifi

ed
 to

 th
ei

r p
re

se
nt

 fo
rm

, t
hi

s 
su

pp
le

m
en

t w
ou

ld
 n

ev
er

 b
e 

us
ed

 a
nd

 
w

as
 d

el
et

ed
 fr

om
 th

e 
C

od
e.

 

3.
2.

14
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 Q
U

A
LI

FI
C

A
TI

O
N

 R
EQ

U
IR

EM
EN

TS
 F

O
R

 C
O

O
R

D
IN

A
TE

D
 IM

PL
EM

EN
TA

TI
O

N
 O

F 
SU

PP
LE

M
EN

TS
 1

0,
 2

, A
N

D
 3

 F
O

R
 P

IP
IN

G
 E

XA
M

IN
A

TI
O

N
S 

PE
R

FO
R

M
ED

 F
R

O
M

 T
H

E 
IN

SI
D

E 
SU

R
FA

C
E 

Th
is

 s
up

pl
em

en
t i

s 
lik

e 
Su

pp
le

m
en

t 1
2 

bu
t i

s 
no

w
 a

dd
re

ss
in

g 
th

e 
co

or
di

na
tio

n 
of

 s
ev

er
al

 s
up

pl
em

en
ts

 w
he

n 
th

e 
in

sp
ec

tio
n 

is
 

co
nd

uc
te

d 
fro

m
 th

e 
in

si
de

 s
ur

fa
ce

 o
f t

he
 p

ip
in

g.
  T

he
 s

tra
te

gy
 fo

llo
w

ed
 is

 th
e 

sa
m

e 
as

 th
at

 fo
r S

up
pl

em
en

t 1
2 

re
ga

rd
in

g 
th

e 
ch

al
le

ng
e 

fo
r c

on
du

ct
in

g 
an

 e
ffe

ct
iv

e 
ex

am
in

at
io

n.
  N

ot
e 

th
at

 th
e 

m
os

t c
ha

lle
ng

in
g 

is
 a

 S
up

pl
em

en
t 1

0 
ex

am
in

at
io

n 
fo

llo
w

ed
 b

y 
a 

Su
pp

le
m

en
t 2

 a
nd

 th
en

 a
 S

up
pl

em
en

t 3
 e

xa
m

in
at

io
n.
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N
S 
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R
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R

M
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O
M

 T
H

E 
IN
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D

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
1.

0 
 S

C
O

PE
 

 
Th

is
 s

up
pl

em
en

t i
s 

ap
pl

ic
ab

le
 to

 w
ro

ug
ht

 a
us

te
ni

tic
, f

er
rit

ic
, a

nd
 d

is
si

m
ila

r m
et

al
 p

ip
in

g 
w

el
ds

 e
xa

m
in

ed
 fr

om
 th

e 
in

si
de

 s
ur

fa
ce

.  
Th

is
 s

up
pl

em
en

t p
ro

vi
de

s 
fo

r e
xp

an
si

on
 o

f 
Su

pp
le

m
en

t 1
0 

qu
al

ifi
ca

tio
ns

 to
 p

er
m

it 
co

or
di

na
te

d 
qu

al
ifi

ca
tio

n 
fo

r S
up

pl
em

en
ts

 2
 a

nd
 3

. 

In
 th

e 
ca

se
 o

f P
W

R
s,

 th
e 

in
sp

ec
tio

ns
 o

f 
di

ss
im

ila
r m

et
al

 w
el

ds
 a

t t
he

 re
ac

to
r p

re
ss

ur
e 

ve
ss

el
 a

re
 c

on
du

ct
ed

 fr
om

 th
e 

in
si

de
 s

ur
fa

ce
.  

W
he

n 
th

es
e 

w
el

ds
 a

re
 in

sp
ec

te
d,

 th
e 

pl
an

 is
 to

 
al

so
 in

sp
ec

t t
he

 S
up

pl
em

en
t 1

0 
no

zz
le

 to
 s

af
e 

en
d 

an
d 

th
e 

sa
fe

 e
nd

 to
 p

ip
e 

w
el

d/
el

bo
w

, w
hi

ch
 

is
 a

 S
up

pl
em

en
t 2

 o
r 3

 in
sp

ec
tio

n 
de

pe
nd

in
g 

up
on

 th
e 

de
si

gn
.  

Th
is

 s
co

pe
 is

 to
 d

ef
in

e 
w

ha
t t

he
 

pr
oc

ed
ur

e 
is

 b
ei

ng
 a

pp
lie

d 
to

 in
 th

e 
fie

ld
. 

 
 

2.
0 

 S
PE

C
IM

EN
 R

EQ
U

IR
EM

EN
TS

 
 

Q
ua

lif
ic

at
io

n 
te

st
 s

pe
ci

m
en

s 
sh

al
l m

ee
t t

he
 re

qu
ire

m
en

ts
 li

st
ed

 h
er

ei
n,

 u
nl

es
s 

a 
se

t o
f 

sp
ec

im
en

s 
is

 d
es

ig
ne

d 
to

 a
cc

om
m

od
at

e 
sp

ec
ifi

c 
lim

ita
tio

ns
 s

ta
te

d 
in

 th
e 

sc
op

e 
of

 th
e 

ex
am

in
at

io
n 

pr
oc

ed
ur

e 
(e

.g
., 

pi
pe

 s
iz

e,
 a

cc
es

s 
lim

ita
tio

ns
). 

 T
he

 s
am

e 
sp

ec
im

en
s 

m
ay

 b
e 

us
ed

 to
 d

em
on

st
ra

te
 b

ot
h 

de
te

ct
io

n 
an

d 
si

zi
ng

 q
ua

lif
ic

at
io

n.
 

Th
is

 is
 a

n 
in

te
gr

at
io

n 
of

 th
e 

re
qu

ire
m

en
ts

 
fro

m
 S

up
pl

em
en

ts
 1

0,
 2

, a
nd

 3
.  

Th
e 

sp
ec

im
en

 
te

st
 s

et
 m

us
t r

ep
re

se
nt

 a
ll 

of
 th

e 
fa

br
ic

at
io

n 
co

nd
iti

on
s 

as
 w

el
l a

s 
in

cl
ud

e 
th

e 
m

ax
im

um
 a

nd
 

m
in

im
um

 p
ip

e 
di

am
et

er
s 

an
d 

w
al

l t
hi

ck
ne

ss
es

. 
2.

1 
 G

en
er

al
.  

Th
e 

sp
ec

im
en

 s
et

 s
ha

ll 
co

nf
or

m
 to

 th
e 

fo
llo

w
in

g 
re

qu
ire

m
en

ts
. 

 
(a

) S
pe

ci
m

en
s 

sh
al

l h
av

e 
su

ffi
ci

en
t v

ol
um

e 
to

 m
in

im
iz

e 
sp

ur
io

us
 re

fle
ct

io
ns

 th
at

 m
ay

 
in

te
rfe

re
 w

ith
 th

e 
in

te
rp

re
ta

tio
n 

pr
oc

es
s.

 
 

(b
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
th

e 
m

in
im

um
 a

nd
 m

ax
im

um
 p

ip
e 

di
am

et
er

s 
an

d 
th

ic
kn

es
se

s 
fo

r w
hi

ch
 th

e 
ex

am
in

at
io

n 
pr

oc
ed

ur
e 

is
 a

pp
lic

ab
le

.  
Ap

pl
ic

ab
le

 to
le

ra
nc

es
 a

re
 

pr
ov

id
ed

 in
 S

up
pl

em
en

ts
 2

, 3
, a

nd
 1

0.
 

 

(c
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
ex

am
pl

es
 o

f t
he

 fo
llo

w
in

g 
fa

br
ic

at
io

n 
co

nd
iti

on
s:

 
 

(1
) g

eo
m

et
ric

 a
nd

 m
at

er
ia

l c
on

di
tio

ns
 th

at
 n

or
m

al
ly

 re
qu

ire
 d

is
cr

im
in

at
io

n 
fro

m
 fl

aw
s 

(e
.g

., 
co

un
te

rb
or

e 
or

 w
el

d 
ro

ot
 c

on
di

tio
ns

, c
la

dd
in

g,
 w

el
d 

bu
tte

rin
g,

 re
m

na
nt

s 
of

 p
re

vi
ou

s 
w

el
ds

, a
dj

ac
en

t w
el

ds
 in

 c
lo

se
 p

ro
xi

m
ity

, a
nd

 w
el

d 
re

pa
ir 

ar
ea

s)
 

 

(2
) t

yp
ic

al
 li

m
ite

d 
sc

an
ni

ng
 s

ur
fa

ce
 c

on
di

tio
ns

 (e
.g

., 
in

te
rn

al
 ta

pe
rs

, e
xp

os
ed

 w
el

d 
ro

ot
s,

 a
nd

 c
la

dd
in

g 
co

nd
iti

on
s)
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R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
2.

2 
 S

up
pl

em
en

t 2
 F

la
w

s 
 

(a
) A

t l
ea

st
 7

0%
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

; t
he

 re
m

ai
nd

er
 s

ha
ll 

be
 a

lte
rn

at
iv

e 
fla

w
s.

 
R

eq
ui

re
s 

th
at

 m
os

t o
f t

he
 fl

aw
s 

be
 c

ra
ck

s 
an

d 
IG

SC
C

 to
 b

e 
us

ed
 w

he
n 

av
ai

la
bl

e.
  A

lte
rn

a-
tiv

e 
fla

w
s 

su
ch

 a
s 

an
 is

os
ta

tic
al

ly
 h

ip
pe

d 
no

tc
h 

ca
n 

be
 u

se
d.

  P
ro

vi
de

s 
gu

id
an

ce
 o

n 
w

ha
t a

n 
ac

ce
pt

ab
le

 a
lte

rn
at

iv
e 

fla
w

 is
.  

A
ga

in
, t

hi
s 

re
qu

ire
s 

th
e 

fla
w

s 
to

 s
im

ul
at

e 
cr

ac
ks

 b
as

ed
 o

n 
th

e 
Ty

pe
 A

 P
IS

C
 II

 p
ar

am
et

ric
 s

tu
dy

 re
su

lts
 fo

r t
ip

 
w

id
th

. 
(b

) S
pe

ci
m

en
s 

w
ith

 IG
S

C
C

 s
ha

ll 
be

 u
se

d 
w

he
n 

av
ai

la
bl

e.
 

 
(c

) A
lte

rn
at

iv
e 

fla
w

s,
 if

 u
se

d,
 s

ha
ll 

pr
ov

id
e 

cr
ac

k-
lik

e 
re

fle
ct

iv
e 

ch
ar

ac
te

ris
tic

s 
an

d 
sh

al
l 

co
m

pl
y 

w
ith

 th
e 

fo
llo

w
in

g.
 

 

(1
) A

lte
rn

at
iv

e 
fla

w
s 

sh
al

l b
e 

us
ed

 o
nl

y 
w

he
n 

im
pl

an
ta

tio
n 

of
 c

ra
ck

s 
pr

od
uc

es
 

sp
ur

io
us

 re
fle

ct
or

s 
th

at
 a

re
 u

nc
ha

ra
ct

er
is

tic
 o

f s
er

vi
ce

-in
du

ce
d 

fla
w

s.
 

 

(2
) A

lte
rn

at
iv

e 
fla

w
s 

sh
al

l h
av

e 
a 

tip
 w

id
th

 o
f n

o 
m

or
e 

th
an

 0
.0

02
 in

. (
0.

05
 m

m
). 

 
2.

3 
 S

up
pl

em
en

t 3
 F

la
w

s.
  S

up
pl

em
en

t 3
 fl

aw
s 

sh
al

l b
e 

m
ec

ha
ni

ca
l o

r t
he

rm
al

 fa
tig

ue
 

cr
ac

ks
. 

Th
is

 re
qu

ire
m

en
t i

s 
ba

se
d 

on
 th

e 
fa

ct
 th

at
 

cr
ac

ks
 a

re
 n

ee
de

d 
an

d 
th

e 
m

os
t l

ik
el

y 
cr

ac
ki

ng
 

pr
oc

es
s 

in
 fe

rr
iti

c 
st

ee
l i

s 
fa

tig
ue

. 
2.

4 
 D

is
tr

ib
ut

io
n.

  T
he

 s
pe

ci
m

en
 s

et
 s

ha
ll 

co
nt

ai
n 

a 
re

pr
es

en
ta

tiv
e 

di
st

rib
ut

io
n 

of
 fl

aw
s.

  
Fl

aw
ed

 a
nd

 u
nf

la
w

ed
 g

ra
di

ng
 u

ni
ts

 s
ha

ll 
be

 ra
nd

om
ly

 m
ix

ed
. 

Th
is

 re
qu

ire
m

en
t w

as
 d

is
cu

ss
ed

 e
xt

en
si

ve
ly

 
by

 th
e 

AS
M

E
 C

od
e 

Ta
sk

 G
ro

up
 A

pp
en

di
x 

VI
II.

  
Be

ca
us

e 
th

er
e 

ar
e 

th
re

e 
su

pp
le

m
en

ts
 a

nd
 a

 w
id

e 
ra

ng
e 

of
 m

at
er

ia
l v

ar
ia

bl
es

, i
t w

as
 n

ot
 p

os
si

bl
e 

to
 

co
m

e 
up

 w
ith

 d
ef

in
iti

ve
 g

ui
da

nc
e 

on
 w

ha
t t

he
 

di
st

rib
ut

io
n 

of
 fl

aw
s 

ne
ed

s 
to

 b
e.

  I
t w

as
 d

ec
id

ed
 

th
at

 th
e 

im
pl

em
en

te
rs

 o
f t

hi
s 

su
pp

le
m

en
t w

ou
ld

 
ne

ed
 to

 a
ss

em
bl

e 
a 

ra
ng

e 
of

 fl
aw

s 
in

 te
rm

s 
of

 
th

ei
r l

oc
at

io
ns

 a
nd

 s
iz

es
.  

It 
w

ou
ld

 b
e 

th
e 

re
sp

on
si

bi
lit

y 
of

 th
e 

im
pl

em
en

te
r t

o 
m

ak
e 

th
e 

ca
se

 fo
r h

ow
 th

ey
 h

av
e 

sa
m

pl
ed

 a
ll 

of
 th

es
e 

co
nd

iti
on

s 
an

d 
ho

w
 th

ey
 a

re
 re

pr
es

en
te

d 
in

 th
e 

sp
ec

im
en

 te
st

 s
et

.  
Th

e 
im

pl
em

en
te

r i
n 

th
e 

U
ni

te
d 

St
at

es
 is

 th
e 

pe
rfo

rm
an

ce
 d

em
on

st
ra

tio
n 

ad
m

in
is

tra
to

r (
PD

A)
, w

hi
ch

 is
 th

e 
E

PR
I N

D
E 

C
en

te
r. 

 T
he

re
 a

re
 c

ur
re

nt
ly

 n
o 

re
qu

ire
m

en
ts

 in
 

th
e 

C
od

e 
fo

r t
he

 P
D

A,
 b

ut
 it

 s
ho

ul
d 

be
 n

ot
ed

 th
at
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m

en
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 R

ef
er

en
ce

ab
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 D
oc

um
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ta
tio

n 
th

e 
Ta

sk
 G

ro
up

 A
pp

en
di

x 
VI

II 
is

 d
ev

el
op

in
g 

a 
su

pp
le

m
en

t t
o 

pr
ov

id
e 

cl
ar

ity
 to

 th
e 

ro
le

 a
nd

 
re

sp
on

si
bi

lit
y 

of
 th

e 
PD

A.
 

 
 

3.
0 

 P
ER

FO
R

M
AN

C
E 

D
EM

O
N

ST
R

AT
IO

N
 

 
Pe

rs
on

ne
l a

nd
 p

ro
ce

du
re

 p
er

fo
rm

an
ce

 d
em

on
st

ra
tio

n 
te

st
s 

sh
al

l b
e 

co
nd

uc
te

d 
ac

co
rd

in
g 

to
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

. 
 

(a
) T

he
 s

am
e 

es
se

nt
ia

l v
ar

ia
bl

e 
va

lu
es

, o
r, 

w
he

n 
ap

pr
op

ria
te

, t
he

 s
am

e 
cr

ite
ria

 fo
r 

se
le

ct
in

g 
va

lu
es

 a
s 

de
m

on
st

ra
te

d 
in

 S
up

pl
em

en
t 1

0 
sh

al
l b

e 
us

ed
. 

Be
ca

us
e 

Su
pp

le
m

en
t 1

0 
is

 th
e 

m
os

t 
ch

al
le

ng
in

g,
 it

 d
riv

es
 th

e 
ra

ng
e 

of
 e

ss
en

tia
l 

va
ria

bl
es

 to
 b

e 
de

m
on

st
ra

te
d.

 
(b

) T
he

 fl
aw

 lo
ca

tio
n 

an
d 

sp
ec

im
en

 id
en

tif
ic

at
io

n 
sh

al
l b

e 
ob

sc
ur

ed
 to

 m
ai

nt
ai

n 
a 

“b
lin

d 
te

st
.” 

Th
es

e 
ke

ep
 th

e 
te

st
 b

lin
d.

 

(c
) A

ll 
ex

am
in

at
io

ns
 s

ha
ll 

be
 c

om
pl

et
ed

 p
rio

r t
o 

gr
ad

in
g 

th
e 

re
su

lts
 a

nd
 p

re
se

nt
in

g 
th

e 
re

su
lts

 to
 th

e 
ca

nd
id

at
e.

  D
iv

ul
ge

nc
e 

of
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 re

su
lts

 o
r c

an
di

da
te

 v
ie

w
in

g 
of

 
un

m
as

ke
d 

sp
ec

im
en

s 
af

te
r t

he
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

is
 p

ro
hi

bi
te

d.
 

Th
es

e 
re

qu
ire

m
en

ts
 a

re
 n

ee
de

d 
to

 k
ee

p 
th

e 
de

m
on

st
ra

tio
n 

pr
oc

es
s 

bl
in

d.
 

3.
1 

 D
et

ec
tio

n 
Te

st
 

 
(a

) T
he

 s
pe

ci
m

en
 s

et
 fo

r S
up

pl
em

en
t 2

 q
ua

lif
ic

at
io

n 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 fi

ve
 fl

aw
ed

 
gr

ad
in

g 
un

its
 a

nd
 te

n 
un

fla
w

ed
 g

ra
di

ng
 u

ni
ts

 in
 a

us
te

ni
tic

 p
ip

in
g.

  A
 m

ax
im

um
 o

f o
ne

 fl
aw

 s
ha

ll 
be

 o
rie

nt
ed

 a
xi

al
ly

. 

Th
is

 is
 c

on
si

de
re

d 
an

 a
dd

-o
n 

to
 th

e 
Su

pp
le

-
m

en
t 1

0 
qu

al
ifi

ca
tio

n 
an

d,
 a

s 
su

ch
, i

s 
re

qu
iri

ng
 a

t 
le

as
t f

iv
e 

Su
pp

le
m

en
t 2

 fl
aw

s.
  T

hi
s 

is
 b

ei
ng

 d
on

e 
be

ca
us

e 
th

e 
Su

pp
le

m
en

t 1
0 

is
 th

e 
ha

rd
es

t 
in

sp
ec

tio
n 

an
d 

th
e 

S
up

pl
em

en
t 2

 is
 th

e 
ne

xt
 m

os
t 

ch
al

le
ng

in
g.

 
(b

) T
he

 s
pe

ci
m

en
 s

et
 fo

r S
up

pl
em

en
t 3

 q
ua

lif
ic

at
io

n 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 th

re
e 

fla
w

ed
 

gr
ad

in
g 

un
its

 a
nd

 s
ix

 u
nf

la
w

ed
 g

ra
di

ng
 u

ni
ts

 in
 fe

rr
iti

c 
pi

pi
ng

.  
A

 m
ax

im
um

 o
f o

ne
 fl

aw
 s

ha
ll 

be
 

or
ie

nt
ed

 a
xi

al
ly

. 

Su
pp

le
m

en
t 3

 is
 e

as
ie

r t
ha

n 
Su

pp
le

m
en

ts
 1

0 
an

d 
2.

  T
hu

s,
 th

er
e 

is
 o

nl
y 

a 
ne

ed
 to

 a
dd

 a
t l

ea
st

 
th

re
e 

fe
rr

iti
c 

fla
w

s 
an

d 
si

x 
un

fla
w

ed
 g

ra
di

ng
 u

ni
ts

. 
(c

) S
pe

ci
m

en
s 

sh
al

l b
e 

di
vi

de
d 

in
to

 g
ra

di
ng

 u
ni

ts
. 

Th
es

e 
ar

e 
th

e 
ge

ne
ric

 re
qu

ire
m

en
ts

 to
 m

ak
e 

su
re

 th
at

 th
e 

gr
ad

in
g 

un
its

 a
re

 is
ol

at
ed

 a
nd

 d
o 

no
t h

av
e 

an
y 

in
te

ra
ct

io
n 

w
ith

 e
ac

h 
ot

he
r. 

 T
hi

s 
si

m
pl

ifi
es

 th
e 

sc
or

in
g 

of
 th

e 
te

st
 re

su
lts

. 
(1

) E
ac

h 
gr

ad
in

g 
un

it 
sh

al
l i

nc
lu

de
 a

t l
ea

st
 3

 in
. (

76
 m

m
) o

f w
el

d 
le

ng
th

. 
 

(2
) T

he
 e

nd
 o

f e
ac

h 
fla

w
 s

ha
ll 

be
 s

ep
ar

at
ed

 fr
om

 a
n 

un
fla

w
ed

 g
ra

di
ng

 u
ni

t b
y 

at
 le

as
t 

1 
in

. (
25

 m
m

) o
f u

nf
la

w
ed

 m
at

er
ia

l. 
 A

 fl
aw

 m
ay

 b
e 

le
ss

 th
an

 3
 in

. (
76

 m
m

) i
n 

le
ng

th
. 

 

(3
) T

he
 s

eg
m

en
t o

f w
el

d 
le

ng
th

 u
se

d 
in

 o
ne

 g
ra

di
ng

 u
ni

t s
ha

ll 
no

t b
e 

us
ed

 in
 a

no
th

er
 

gr
ad

in
g 

un
it.

 
 

(4
) G

ra
di

ng
 u

ni
ts

 n
ee

d 
no

t b
e 

un
ifo

rm
ly

 s
pa

ce
d 

ar
ou

nd
 th

e 
pi

pe
 s

pe
ci

m
en

. 
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AN
D
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 F

O
R

 P
IP

IN
G

 E
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M
IN

AT
IO

N
S 

PE
R

FO
R

M
ED

 F
R

O
M

 T
H

E 
IN

SI
D

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
(d

) A
ll 

gr
ad

in
g 

un
its

 s
ha

ll 
be

 c
or

re
ct

ly
 id

en
tif

ie
d 

as
 b

ei
ng

 e
ith

er
 fl

aw
ed

 o
r u

nf
la

w
ed

. 
G

ui
da

nc
e 

on
 h

ow
 to

 in
te

rp
re

t t
he

 te
st

 re
su

lts
. 

3.
2 

 L
en

gt
h-

Si
zi

ng
 T

es
t 

Th
is

 p
ro

vi
de

s 
th

e 
gu

id
an

ce
 o

n 
ho

w
 to

 
co

nd
uc

t t
he

 le
ng

th
 s

iz
in

g 
de

m
on

st
ra

tio
n 

by
 

ad
di

ng
 o

n 
Su

pp
le

m
en

t 2
 a

nd
 3

 s
pe

ci
m

en
s.

 
(a

) T
he

 c
oo

rd
in

at
ed

 im
pl

em
en

ta
tio

n 
sh

al
l i

nc
lu

de
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

 fo
r p

er
so

nn
el

 
le

ng
th

-s
iz

in
g 

qu
al

ifi
ca

tio
n.

 
 

(b
) T

he
 s

pe
ci

m
en

 s
et

 fo
r S

up
pl

em
en

t 2
 q

ua
lif

ic
at

io
n 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 fo
ur

 fl
aw

s 
in

 
au

st
en

iti
c 

m
at

er
ia

l. 
 

(c
) T

he
 s

pe
ci

m
en

 s
et

 fo
r S

up
pl

em
en

t 3
 q

ua
lif

ic
at

io
n 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 th
re

e 
fla

w
s 

in
 

fe
rr

iti
c 

m
at

er
ia

l. 
 

(d
) E

ac
h 

re
po

rte
d 

ci
rc

um
fe

re
nt

ia
l f

la
w

 in
 th

e 
de

te
ct

io
n 

te
st

 s
ha

ll 
be

 le
ng

th
 s

iz
ed

.  
W

he
n 

on
ly

 le
ng

th
-s

iz
in

g 
is

 b
ei

ng
 te

st
ed

, t
he

 re
gi

on
s 

of
 e

ac
h 

sp
ec

im
en

 c
on

ta
in

in
g 

a 
fla

w
 to

 b
e 

si
ze

d 
m

ay
 b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 fl

aw
 in

 
ea

ch
 re

gi
on

. 

 

(e
) S

up
pl

em
en

t 2
 o

r S
up

pl
em

en
t 3

 e
xa

m
in

at
io

n 
pr

oc
ed

ur
es

, e
qu

ip
m

en
t, 

an
d 

pe
rs

on
ne

l 
ar

e 
qu

al
ifi

ed
 fo

r l
en

gt
h-

si
zi

ng
 w

he
n 

th
e 

fla
w

 le
ng

th
s 

es
tim

at
ed

 b
y 

ul
tra

so
ni

cs
, a

s 
co

m
pa

re
d 

w
ith

 th
e 

tru
e 

le
ng

th
, d

o 
no

t e
xc

ee
d 

0.
75

 in
. (

19
 m

m
) R

M
S,

 w
he

n 
th

ey
 a

re
 c

om
bi

ne
d 

w
ith

 a
 

su
cc

es
sf

ul
 S

up
pl

em
en

t 1
0 

qu
al

ifi
ca

tio
n.

 

Th
e 

pa
ss

/fa
il 

cr
ite

rio
n 

is
 to

 c
om

bi
ne

 th
e 

re
su

lts
 

fro
m

 th
e 

Su
pp

le
m

en
t 2

 a
nd

 3
 le

ng
th

 s
iz

in
g 

re
su

lts
 

w
ith

 th
e 

le
ng

th
 s

iz
in

g 
re

su
lts

 fr
om

 S
up

pl
em

en
t 1

0 
to

 d
et

er
m

in
e 

if 
th

e 
co

m
bi

ne
d 

re
su

lts
 s

til
l m

ee
t t

he
 

cr
ite

rio
n 

of
 ≤

 0
.7

5 
in

. (
19

 m
m

) R
M

S 
er

ro
r. 

3.
3 

 D
ep

th
-S

iz
in

g 
Te

st
.  

Th
e 

co
or

di
na

te
d 

im
pl

em
en

ta
tio

n 
sh

al
l i

nc
lu

de
 th

e 
fo

llo
w

in
g 

re
qu

ire
m

en
ts

 fo
r p

er
so

nn
el

 d
ep

th
-s

iz
in

g 
qu

al
ifi

ca
tio

n.
 

Th
is

 p
ro

vi
de

s 
re

qu
ire

m
en

ts
 fo

r a
dd

in
g 

on
 

Su
pp

le
m

en
t 2

 a
nd

 3
 s

pe
ci

m
en

s 
fo

r d
ep

th
 s

iz
in

g.
 

(a
) T

he
 s

pe
ci

m
en

 s
et

 fo
r S

up
pl

em
en

t 2
 q

ua
lif

ic
at

io
n 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 fo
ur

 
ci

rc
um

fe
re

nt
ia

lly
-o

rie
nt

ed
 fl

aw
s 

in
 a

us
te

ni
tic

 m
at

er
ia

l. 
 

(b
) T

he
 s

pe
ci

m
en

 s
et

 fo
r S

up
pl

em
en

t 3
 q

ua
lif

ic
at

io
n 

sh
al

l i
nc

lu
de

 a
t l

ea
st

 th
re

e 
fla

w
s 

in
 

fe
rr

iti
c 

m
at

er
ia

l. 
 

(c
) F

or
 a

 s
ep

ar
at

e 
de

pt
h-

si
zi

ng
 te

st
, t

he
 re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 to
 b

e 
si

ze
d 

m
ay

 b
e 

id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

de
pt

h 
of

 th
e 

fla
w

 
in

 e
ac

h 
re

gi
on

. 

 

(d
) S

up
pl

em
en

t 2
 o

r S
up

pl
em

en
t 3

 e
xa

m
in

at
io

n 
pr

oc
ed

ur
es

, e
qu

ip
m

en
t, 

an
d 

pe
rs

on
ne

l 
ar

e 
qu

al
ifi

ed
 fo

r d
ep

th
-s

iz
in

g 
w

he
n 

th
e 

fla
w

 d
ep

th
s 

es
tim

at
ed

 b
y 

ul
tra

so
ni

cs
, a

s 
co

m
pa

re
d 

w
ith

 
th

e 
tru

e 
de

pt
hs

, d
o 

no
t e

xc
ee

d 
0.

12
5 

in
. (

3 
m

m
) R

M
S,

 w
he

n 
th

ey
 a

re
 c

om
bi

ne
d 

w
ith

 a
 

su
cc

es
sf

ul
 S

up
pl

em
en

t 1
0 

qu
al

ifi
ca

tio
n.

 

Be
ca

us
e 

th
e 

Su
pp

le
m

en
t 2

 a
nd

 3
 a

re
 a

dd
-

on
s 

to
 a

 s
uc

ce
ss

fu
l S

up
pl

em
en

t 1
0 

qu
al

ifi
ca

tio
n,

 
th

e 
pa

ss
/fa

il 
cr

ite
rio

n 
is

 th
e 

sa
m

e 
(≤

 0
.1

25
 in

. 
[3

 m
m

]) 
w

he
n 

th
e 

de
pt

h 
si

zi
ng

 d
at

a 
is

 c
om

bi
ne

d 
w

ith
 th

e 
Su

pp
le

m
en

t 1
0 

da
ta

.  
To

 d
at

e,
 n

o 
in

si
de

 
su

rfa
ce

-a
pp

lie
d 

pr
oc

ed
ur

e 
ha

s 
su

cc
es

sf
ul

ly
 

sa
tis

fie
d 

th
is

 c
rit

er
io

n 
fo

r S
up

pl
em

en
ts

 2
 o

r 1
0.
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SU
PP

LE
M

EN
TS

 1
0,

 2
, 

AN
D

 3
 F

O
R

 P
IP

IN
G

 E
XA

M
IN

AT
IO

N
S 

PE
R

FO
R

M
ED

 F
R

O
M

 T
H

E 
IN

SI
D

E 
SU

R
FA

C
E 

 
R

at
io

na
le

 fo
r R

eq
ui

re
m

en
t a

nd
 R

el
at

io
n 

to
 R

ef
er

en
ce

ab
le

 D
oc

um
en

ta
tio

n 
 

 
4.

0 
 P

R
O

C
ED

U
R

E 
Q

U
AL

IF
IC

AT
IO

N
 

 
Pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n 

sh
al

l i
nc

lu
de

 th
e 

fo
llo

w
in

g 
ad

di
tio

na
l r

eq
ui

re
m

en
ts

. 
 

(a
) T

he
 s

pe
ci

m
en

 s
et

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f a

t l
ea

st
 th

re
e 

pe
rs

on
ne

l p
er

fo
rm

an
ce

 
de

m
on

st
ra

tio
n 

te
st

 s
et

s.
  S

uc
ce

ss
fu

l p
er

so
nn

el
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
ns

 m
ay

 b
e 

co
m

bi
ne

d 
to

 s
at

is
fy

 th
es

e 
re

qu
ire

m
en

ts
. 

Th
e 

pr
oc

ed
ur

e 
qu

al
ifi

ca
tio

n 
re

qu
ire

s 
m

ee
tin

g 
th

e 
st

rin
ge

nt
 re

qu
ire

m
en

t o
f t

he
 e

qu
iv

al
en

t o
f a

t 
le

as
t t

hr
ee

 p
er

so
nn

el
 p

er
fo

rm
an

ce
 d

em
on

st
ra

tio
n 

te
st

 s
et

s.
 

(b
) D

et
ec

ta
bi

lit
y 

of
 a

ll 
fla

w
s 

in
 th

e 
pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n 

te
st

 s
et

 th
at

 a
re

 w
ith

in
 th

e 
sc

op
e 

of
 th

e 
pr

oc
ed

ur
e 

sh
al

l b
e 

de
m

on
st

ra
te

d.
  L

en
gt

h 
an

d 
de

pt
h 

si
zi

ng
 s

ha
ll 

m
ee

t t
he

 re
qu

ire
m

en
ts

 
of

 3
.1

, 3
.2

, a
nd

 3
.3

. 

Th
is

 re
qu

ire
s 

th
at

 a
ll 

fla
w

s 
be

 d
et

ec
te

d 
an

d 
at

 
le

as
t o

ne
 p

er
so

nn
el

 d
em

on
st

ra
tio

n 
be

 s
uc

ce
ss

fu
l 

to
 h

av
e 

th
e 

pr
oc

ed
ur

e 
be

co
m

e 
qu

al
ifi

ed
 fo

r 
de

te
ct

io
n.

  F
or

 d
ep

th
 a

nd
 le

ng
th

 s
iz

in
g,

 th
e 

cr
ite

ria
 a

lre
ad

y 
de

sc
rib
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4 DISCUSSION 

There is clear evidence that the performance demonstration requirements adopted by 
Section XI of the ASME Code for Boiler and Pressure Vessels has resulted in a positive impact 
on the reliability of ultrasonic examinations that are performed on piping and pressure vessels 
(Doctor 2008).  Figure 4-1 shows the progress that has been made on piping welds since 
performance demonstration has been adopted. 
 
 

 
 
Figure 4-1 Comparison of Probability of Detection from Three Round Robins and PDI 

Data between 1981 and 2001 (wrought stainless steel piping) 
 

The lowest performance level is shown for the PIRR study that took place in 1981.  This study 
has become a benchmark on performance in the early 1980s.  The Mini Round Robin (MRR) 
results in 1985 showed that smaller flaws could be detected more reliably with a moderate 
increase in performance for intermediate flaws that was attributed to the performance 
demonstration mandated at that time.  The PISC-AST (Austenitic Steel Testing) results of 1990 
show a significant improvement over the PIRR and, except for very small flaws, display 
improvement over the MRR results. 

Two plots shown for the PDI data represent performance up to 2001.  The PDI data were 
plotted for all inspectors who successfully passed the performance demonstration requirements 
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stipulated in Appendix VIII; and a second curve plots all inspectors who attempted the 
performance demonstration test (passed plus failed).  It can be seen that both of these PDI-
based curves show improvements over the preceding three round-robin studies, indicating that 
there has definitely been improvement in piping inspection reliability.  Similar results can be 
shown for reactor pressure vessel inspection if one compares the results of the PVRC studies in 
the 1970s and PDI data for reactor pressure vessel examinations (Becker 2001).  Additionally, 
recent field experience indicates that performance-demonstrated ultrasonic techniques provide 
significantly improved sensitivities and signal-to-noise ratios as compared to the prescriptive 
techniques previously applied.  However, this process needs further improvement as 
exemplified by the recent failure of ISI at North Anna where SCC was not detected but was 
discovered when the dissimilar metal weld was being prepared for an overlay (Anderson et al. 
2012).  There were a number of issues relating to the probe design, use of manual inspection, 
quality of the technical justification, and the site-specific mockup process that was followed.  A 
number of these issues will be best resolved by creating improved requirements in ASME Code, 
Section XI, Appendix VIII. 

Most U.S. operating nuclear power plants have implemented risk-informed ISI (RI-ISI) programs 
for safety-related piping welds.  A fundamental assumption for all of these RI-ISI programs is 
that highly effective ISI is being performed.  In order to have confidence that highly effective 
inspections are being performed, it is important to use those combinations of personnel, 
procedures, and equipment (NDE systems) that have shown objective statistical evidence 
supporting acceptable performance levels.  Currently, UT systems are required to provide this 
evidence by successfully demonstrating their capabilities through blind performance 
demonstration in accordance with Appendix VIII; this concept is valid for other forms of NDE as 
well, but is yet to be required by ASME Code. 

The previous discussion on austenitic piping welds clearly shows the improvement in 
performance that has been achieved for the detection of service-induced cracking in these 
components.  Similar arguments could possibly be made for UT inspection on components 
addressed by other supplements in Appendix VIII through analyses of the existing PDI 
database.  Unfortunately, this database is no longer being periodically analyzed to provide this 
type of objective evidence on performance achievements.  When assessing the effectiveness 
and consequences of periodic inspections, it is necessary to quantify and evaluate certain 
characteristics for the population of active field inspectors.  Given that we have minimal field 
data that is acceptable for such evaluation, these characteristics are best estimated from 
qualification data such as that residing in the PDI database.   

Also, if there is interest in re-evaluating the original criteria and basic assumptions to assess 
whether improvements could be made to the overall qualification process, for example, passing 
more candidates with high performance or failing more candidates with low performance, an 
analysis of the PDI data could provide information needed for this type of assessment.  The 
significant point here is that the PDI database currently provides the only available information 
on examination personnel capabilities for all of the Appendix VIII supplements, and is therefore 
an important resource for assessing/improving the performance demonstration process.  It is 
recommended that the PDI database be analyzed for quantifying characteristics of inspector 
populations for each supplement and developing potential improvements to the performance 
demonstration process.   



 

4-3 

Another recommendation concerns the absence of performance-based examination 
requirements for other safety-related items.  There are several component examinations that 
are listed in Mandatory Appendix I where examination qualification standards continue to refer 
to using prescriptive-based, Section V requirements.  These include: 

• Article I-2100 for reactor vessel-to-flange welds, closure head-to-flange welds, integral 
attachment welds, and reactor vessel control rod drive housing welds; 

• Article I-2120 for other vessels greater than 2 in. (50 mm), such as the pressurizer and 
steam generator shell welds; 

• Article I-2210 for vessels 2 in. (50 mm) and less, for example, heat exchangers, storage 
tanks; 

• Article I-2200 for threads in the reactor pressure vessel closure flange; and 

• Article I-2400 for all other welds or materials for which the requirements of I-2100, I-2200, or 
I-2300 do not apply. 

These examinations should be upgraded to performance-based qualification requirements, and 
Appendix VIII should be modified through the development of new supplements to address their 
specific needs. 

Appendix VIII was developed to address NDE performance issues that were of major concern in 
the 1980s, when many inservice degradation mechanisms such as IGSCC were leading to 
failures in piping systems.  This approach, as one part of managing IGSCC in BWR piping 
welds, has been quite successful, but recent issues have shown that a re-examination of the 
existing requirements in Appendix VIII may be needed.  For example, the presence and impact 
of fabrication flaws on effective UT performance was not addressed in Appendix VIII because 
the focus was on service degradation that normally emanates from the (inner or outer) surface 
of components.  Recent events on dissimilar metal welds have highlighted the need for qualified 
examinations to provide objective evidence for UT capability to distinguish fabrication flaws from 
service-induced cracks.  It is believed that in certain cases, embedded fabrication flaws have 
been incorrectly interpreted as service-induced PWSCC, which resulted in unnecessary and 
expensive repairs to components.  The inability to correctly discern fabrication from service-
induced flaws may also lead to uncharacterized (undetected) degradation, which could 
challenge the continued integrity of safety-related components.  It is therefore recommended 
that new ASME Code, Appendix VIII rules be developed to address this issue. 

In addition, there are currently no requirements in Appendix VIII for accurately estimating the 
remaining ligament of unflawed material adjacent to embedded flaws.  This becomes an issue 
when embedded flaws are located near a surface.  For fracture mechanics analyses, a flaw that 
is located within a certain proximity to the surface must be analyzed as if it were surface-
connected.  Thus, the measurement of remaining ligament can be extremely important and the 
capability to estimate this value should be demonstrated.  A limited analysis of PDI RPV 
qualification data performed in 2009 indicated that when this data was collapsed across all 
candidates, the ligament sizing error would have met an RMS error value of 0.125 in. (3 mm).  
Hence, the goal should be to quantify this capability for each candidate, establish acceptable 
performance criteria, and give recognition for achieving an effective ligament sizing 
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performance, thus providing more confidence for values used in flaw evaluation.  It is 
recommended that ligament sizing rules should be added to the requirements of Appendix VIII. 

Another area where Appendix VIII should be strengthened includes ensuring that any candidate 
for qualification must provide documented evidence for meeting all of the training and 
experience requirements before they are permitted to be tested.  The basis for this comment is 
that Appendix VIII has been developed as a screening test, with limited numbers of flawed 
specimen conditions that are presented to each candidate.  This limited, screening approach 
was designed to only confirm that experienced candidates have the necessary skills and 
knowledge.  As a screening approach, there remains a very small statistical probability that a 
candidate with clearly inadequate skills and experience may pass the demonstration test.  
However, the screening test may pass candidates with borderline skills.  This limited approach 
and realization was part of the fundamental assumptions used in the basis for Appendix VIII 
development.  If the rules of Appendix VIII are used in another manner (i.e., if anyone is allowed 
to take these limited tests, regardless of their training and experience), then the basis for 
demonstration must be reanalyzed, and the test sets must be redesigned to become more 
challenging.  Only in this manner can one maintain the low probability that a candidate with 
inadequate skills and experience might pass the demonstration test.  This is potentially an area 
where guidance for the performance demonstration administrator could be defined in 
Appendix VIII to ensure that validated documentation of adequate qualification through training 
and experience be implemented in accordance with the fundamental assumptions that were 
used to develop Appendix VIII. 

The Appendix VIII rules are a living document and are undergoing continuous review at the 
quarterly ASME Code meetings.  This document, which provides the rationale basis for the 
Appendix VIII rules and supplements, may be useful when evaluating these rules and 
supplements as nondestructive testing techniques evolve, as possible new degradation 
mechanisms emerge, or as known degradation processes occur in components/materials 
thought to be immune to them. 
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