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PRODUCT DESCRIPTION 

 
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,  
Section XI, “Inservice Inspection of Nuclear Power Plant Components” requires periodic 
examinations of piping and component welds including dissimilar metal welds (DMWs). 
Operational experience (OE) from inservice inspections of nuclear power plants (NPP) includes 
cases where human error or poor planning practices resulted in problems with the application  
of qualified nondestructive examination (NDE) procedures. These problems result in degraded 
examination performance such as incomplete examination coverage, identification of service-
induced defects where none exist, or failure to identify service-induced defects. The purpose  
of this document is to provide guidance to NPP owners and NDE personnel for planning and 
executing weld examinations in a manner that will minimize the occurrence of significant human 
errors while maximizing the probability of a smoothly executed outage with completion of the 
planned examination scope.  

Results and Findings 
This report was developed in response to industry issues regarding the performance of DMW 
examinations. The results of this report identify that the surface condition of the weld 
examination area is the most critical factor in ensuring the completion of a qualified 
examination. The document provides one “Needed” requirement and six “Good Practice” 
recommendations to assist owners and vendors in focusing on the examination tasks required to 
complete a successful examination of a DMW. The “Needed” requirement is to develop and 
implement a surface condition assessment and improvement process for DMWs. The “Needed” 
requirement and “Good Practice” recommendations in this document are to be implemented in 
accordance with the NEI 03-08, Revision 1 implementation categories. 

Challenges and Objectives 
This report will assist utility inservice inspection (ISI) program engineers and managers, ultrasonic  
examination Level II and III personnel, and outage management personnel in planning and managing 
DMW examinations for operating BWRs and PWRs. The objective of this report is to provide  
guidance to plant owners on how to adequately prepare for a DMW examination. The following are 
considered key utility opportunities for successful DMW examinations: 

• Preparation, maintenance, and execution of a surface condition assessment and improvement 
process 

• Walkdown inspections to measure the as-built configuration and surface condition and to 
estimate examination coverage 

• Procedure qualification review – Appendix VIII qualified procedures and alternatives 
• Performance of prejob briefings 
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• Readiness to perform additional surface preparation, contingency examinations, and vendor 
oversight during outages 

• Prompt review and disposition of examination results  

Applications, Value, and Use 
This document was developed to establish guidelines for the industry to use in the preparation 
and implementation of DMW examinations. Many factors can influence the quality and 
successful completion of a DMW examination. The most critical factor is that the surface 
condition of the weld should provide a flat, smooth scanning surface to ensure adequate probe 
contact. The guidance in this document is applicable to all DMWs that are scheduled for 
ultrasonic examination using procedures and personnel qualified in accordance with ASME 
Section XI, Appendix VIII, Supplement 10, “Qualification Requirements for Dissimilar Metal 
Piping Welds.” It is within the owner’s discretion to apply the good practice recommendations in 
this document for other components requiring an Appendix VIII qualified examination.  

Implementation of this guideline is to be performed in accordance with the utility’s process for 
NEI 03-08. Within two refueling outages following the issuance of this guideline, each utility 
should prepare and maintain a surface condition assessment and improvement program as part of 
its program for DMW examination. Execution of the surface condition assessment and 
improvement process should be performed within two outages prior to the scheduled 
examination. The guidance provided in this document applies to examinations from both the 
outside diameter and inside diameter surfaces.  

EPRI Perspective 
This document represents a compilation of operating experiences and lessons learned related to 
the human factors aspect of the inservice examination of DMWs. The document supports the 
industry by providing valuable guidance on the elements that need to be implemented to ensure 
the successful completion of a DMW examination. The report is the first time that guidance has 
been provided on how to prepare and implement a successful DMW examination.  

Approach 
The goals of this report were to provide the industry with guidance for NPP owners and NDE 
personnel in planning and executing DMW examinations. The document provides one “Needed” 
requirement and six “Good Practice” recommendations to assist owners and vendors in focusing 
on the examination tasks needed to complete a successful examination of a DMW. The 
“Needed” requirement is to develop and implement a surface condition assessment and 
improvement process for DMWs. The “Needed” requirement and “Good Practice” 
recommendations in this document are to be implemented in accordance with the NEI 03-08, 
Revision 1 implementation categories. 

Keywords 
Examination Qualification  
Dissimilar metal weld Surface condition 
Performance Demonstration Initiative Ultrasonic examination 

 



 

ABSTRACT 

Operational experience in inservice inspection of nuclear power plants (NPP) includes cases in 
which human error or poor planning practices resulted in issues with the application of qualified 
nondestructive evaluation procedures. These issues can result in degraded examination 
performance such as incomplete examination coverage, identification of service-induced defects 
where none exist, or failure to identify service-induced defects. The applications of greatest 
recent interest have involved ultrasonic examination of dissimilar metal welds in reactor piping 
systems.  

The purpose of this document is to provide guidance for NPP owners in planning and executing 
weld examinations in a manner that will minimize the occurrence of significant human errors 
while maximizing the probability of a smoothly executed outage with completion of the planned 
scope. Some of the specific recommendations in this document include implementation guidance 
in accordance with NEI 03-08, Revision 1, “Guideline for the Management of Materials Issues.” 
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EXECUTIVE SUMMARY 

Operational experience (OE) in inservice inspection (ISI) of nuclear power plants (NPP) includes 
cases where human error or poor planning practices resulted in issues with the application of 
qualified nondestructive evaluation (NDE) procedures. These issues can result in degraded 
examination performance such as incomplete examination coverage, identification of service-
induced defects where none exist, or failure to identify service-induced defects. The applications 
of greatest recent interest have involved ultrasonic examination of dissimilar metal welds 
(DMWs) in reactor piping systems. 

The purpose of this document is to provide guidance for NPP owners and NDE personnel in 
planning and executing weld examinations in a manner that will minimize the occurrence of 
significant human errors while maximizing the probability of a smoothly executed outage with 
completion of the planned scope. This guideline was developed in response to issues with DMW 
examinations. The NPP owner is responsible for compliance with one “Needed” requirement and 
six “Good Practice” recommendations in this report that are in accordance with NEI 03-08, 
Revision 1, “Guideline for the Management of Materials Issues.” The “Needed” requirement is 
to develop and implement a surface condition assessment and improvement process for DMWs. 
It is within the plant owner’s discretion to apply the recommendations in this document as good 
practices for other components that require an Appendix VIII qualified examination.  

Key utility opportunities for successful DMW examinations include: 

• Preparation, maintenance, and execution of a surface condition assessment and improvement 
process. 

• Walkdown inspections to measure the as-built configuration and surface condition and to 
estimate examination coverage 

• Procedure qualification review – Appendix VIII qualified procedures and alternatives 

• Performance of prejob briefings 

• Readiness to perform additional surface preparation, contingency examinations, and vendor 
oversight during outages 

• Prompt review and disposition of examination results  
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Key vendor opportunities for success include: 

• Preparing clear, concise, specific examination procedures 

• Providing annual training that addresses industry OE 

• Performing a detailed readiness review in advance of the outage 

• Considering industry OE when evaluating examination data 

Close collaboration between the utility and the examination vendor, beginning as early as 
possible, is of primary importance. 
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1  
INTRODUCTION 

Operational experience (OE) in in-service inspection (ISI) of nuclear power plants (NPP) 
includes several instances of human errors in application of qualified nondestructive evaluation 
(NDE) procedures. These practices can result in degraded examination performance such as 
incomplete examination coverage, identification of service-induced defects where none exist, or 
failure to identify service-induced defects. There have also been several instances of inefficiency 
or incomplete work scope execution due to inadequate planning practices.  

1.1 Objectives and Scope 

The purpose of this document is to provide guidance for NPP owners in planning and executing 
an efficient, complete examination of dissimilar metal welds (DMW) in a manner that will 
minimize the probability of significant human errors occurring, improves flaw detection, and 
reduces false calls. This document is applicable to all DMWs that are scheduled for ultrasonic 
examination using procedures and personnel that are qualified in accordance with ASME Section 
XI, Appendix VIII, Supplement 10, “Qualification Requirements for Dissimilar Metal Piping 
Welds.” It is within the plant owner’s discretion to apply the recommendations in this document 
as good practices for other components requiring an Appendix VIII qualified examination.  

Many factors can influence the quality and successful completion of a DMW examination.  
The most critical factor is that the surface condition of the weld should provide a flat, smooth 
scanning surface to ensure adequate probe contact. This document provides one major “Needed” 
requirement and six major “Good Practice” recommendations to assist owners and vendors in 
focusing on the examination tasks needed to complete a successful examination of a DMW. 
These recommendations are discussed in Section 3 of this document and summarized in  
Section 6. The “Needed” requirement and “Good Practice” recommendations in this document 
are to be implemented in accordance with the NEI 03-08, Revision 1 implementation categories. 
The use of “should” and “shall” in the document describes those needed and good practice 
activities associated with the major recommendations specified. 

1.2 Implementation Schedule 

The actions in Section 3 and summarized in Section 6 of this report are considered to be either 
“Needed” or “Good Practice” in accordance with the implementation protocol of Nuclear Energy 
Initiative NEI 03-08, Revision 1. The one “Needed” action is applicable to all DMWs that are 
scheduled for and require the examination to be performed in accordance with ASME  
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Section XI, Appendix VIII, Supplement 10. This needed guidance is that the utility prepare, 
maintain, and execute a surface condition assessment and improvement process as part of its 
program for DMW examination.  

Implementation of this guideline shall be performed in accordance with the utility’s process  
for NEI 03-08. Within two refueling outages following the issuance of this guideline, each utility 
shall prepare and maintain a surface condition assessment and improvement program as part of 
its program for DMW examination. Execution of the surface condition assessment and 
improvement process should be performed within two outages prior to the scheduled 
examination. The guidance provided in this document applies to examinations from both the 
outside diameter (OD) and inside diameter (ID) surfaces.  

This guideline is applicable to DMWs that have not been inspected or mitigated by the 
requirements of the Materials Reliability Program (MRP) or the Boiling Water Reactor Vessel 
and Internals Project (BWRVIP). For DMWs previously mitigated or inspected that may not 
meet the surface conditioning requirements of current Supplement 10 qualified procedures, 
compliance with the surface conditioning requirements of this guideline is required for the next 
scheduled weld examination.  

1.3 Basis for Document 

OE of recent interest has involved encoded1 ultrasonic examination (UT) of DMWs in reactor 
piping systems. Both encoded and nonencoded examinations are subject to human errors and 
mechanical deficiencies (for example, surface contact). However, with an encoded examination, 
the errors are more likely to be detected and documented as part of the data collection and 
analysis process. Encoded examinations produce computer files of the ultrasonic data. Qualified2 
data analysts determine the presence of inservice degradation in the examined component. The 
data files can be re-evaluated by multiple analysts during the examination or at a later date, either 
to confirm the original analysis or to compare against data from a subsequent examination.  

It is during these re-evaluations of encoded data that human errors most often come to light. 
Human error is possible in nonencoded examinations, but the opportunities to identify it are 
limited by the absence of recorded data that can be re-evaluated. Human errors are sometimes 
identified in the NDE reports of nonencoded examinations. 

                                                           
1 Encoded examinations include both automated encoded examinations, in which the probe is manipulated by a 
robotic scanner, and manually driven encoded examinations, in which a technician manipulates the probe. In both 
cases, the probe positions and the associated ultrasonic data are recorded on a computer for later analysis. In a 
nonencoded or manual examination, the examiner manipulates the probe and evaluates the ultrasonic data in real 
time.  

2 The word “qualified” in this document indicates ultrasonic examination procedures, equipment, or personnel that 
have been successfully qualified through the Performance Demonstration Initiative program for Appendix VIII, 
Supplement 10 (dissimilar metal weld) examinations. 
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Recent examples of significant human errors and related factors include: 

• Failure by a data analyst to recognize evidence that the ultrasonic probe was not in adequate 
contact with the examination surface. The error was identified during an examination of the 
same component performed in the subsequent outage, in which adequate probe contact was 
obtained. The latter examination resulted in a report of an indication consistent with primary 
water stress corrosion cracking (PWSCC). Review of the prior examination data revealed a 
faint image of the same indication and evidence of poor probe contact. 

• Another failure by a data analyst to identify poor probe contact during an examination. An 
embedded indication (no connection to the inside surface) was reported in the weld. 
Subsequent re-analysis of the data showed that poor contact had compromised the data 
quality at the position necessary to accurately determine whether the indication was 
connected to the inside surface. A re-examination of the weld revealed that the indication 
was surface connected. 

• Incorrect, nonconservative depth measurement of an indication reported as SCC. Data 
analysts allowed their thinking to be dominated by preconceived notions of the nature of the 
reflector and failed to identify the deepest parts of the indication. An independent analyst 
reviewed the same data and concluded that the indication was almost 100% through wall; this 
conclusion was confirmed when the weld leaked upon application of a weld overlay repair 
(WOR). 

• Selection of an incorrect probe for an examination. An operator was performing nonencoded 
examinations of several welds, each of which required the use of several probes. One of the 
probes selected was incorrect. It was very similar to the correct, qualified probe, and this 
similarity contributed to the operator’s error. The probe was qualified on an expedited basis, 
after the examination, in order to allow the examination to comply with ASME Code 
requirements. 

The most common and significant factor in human errors is failure to follow the qualified 
procedure. A number of steps need to be taken before and during the examination to ensure strict 
adherence to the requirements of the procedure. 

Section 2 of this guideline discusses human factors in general. Sections 3 and 4 discuss, 
respectively, the roles of the NPP owner and the NDE vendor in minimizing human error. 
Utilities that perform the examinations using their own personnel and procedures should consider 
the guidance for both roles. The following topics are addressed in Sections 3 and 4: 

• Qualification process 

• Training 

• Understanding the procedures to be used 

• Selection of proper equipment 

• Surface preparation/surface condition 

• Site review of each procedure and its qualification 
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• Review of plant-specific OE/problems 

• Prejob briefing 

• Performing the examination 

• Documentation of the results 



 

2  
DISCUSSION OF HUMAN FACTORS 

The purpose of this section is to discuss human factors that impact an examiner’s ability to 
perform a quality ultrasonic examination of any weld, especially DMWs. Error-prone situations 
can result from environmental factors and from a nonoptimum decision-making process. Utility 
personnel should use their Human Performance Program (or its equivalent) to ensure that these 
factors are addressed and monitored to achieve a high standard of performance.  

2.1 Environmental Factors 

2.1.1 Physical Environment 

Influential physical environmental factors include heat, humidity, radiation dose, contamination, 
and difficult physical access. The welds often are examined as early as possible in the outage 
schedule in order to better manage the potential impacts if a flaw is detected. The temperature 
and humidity conditions, exacerbated by the required contamination protective clothing, are 
physiologically stressful. The DMWs are often located in hard-to-reach areas where the 
examiner may have to climb through confined areas and have limited maneuvering space.  

Two key considerations in addressing physical environmental factors for examinations are  
the following: 

• Proper planning and preparation are critical to minimizing the necessary stay time and 
maximizing physical access. 

• Prejob briefings can help outage management and radiation protection personnel to 
understand the DMW examination process and examination support needs.  

2.1.2 Time Pressures 

The complex geometries of the DMWs often require multiple scans using multiple probes to 
optimize detection capability and provide effective interrogation of the required examination 
volume. These types of examinations require a greater amount of time to perform than less-
complex examinations. Significant time pressures during the examination can contribute to the 
likelihood of error.  
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One source of time pressure is high dose rates. For example, many BWR DMWs have typical 
dose rates ranging from 100 millirem/hour (0.001 Sievert/hour) to more than 4 rem/hour  
(0.04 Sievert/hour). Radiation protection personnel should be included in DMW examination 
planning to ensure proper dose and As Low As Reasonably Achievable (ALARA) planning and 
to implement proper dose reduction measures, such as shielding or flushing.  

Another source of time pressure is the outage schedule. These examinations are typically 
scheduled by the plant/owner in an “examination window” early in the outage under tight 
schedule constraints. The examination schedule should allow for adequate time to perform the 
examination and permit any additional rework, supplemental scans, or additional examinations 
that may be needed.  

On a larger time scale, schedule pressures can impact proper outage preparation. Qualified 
DMW examiners are in limited supply and high demand. During busy outage seasons, a small 
number of these qualified examiners travel from site to site to perform the DMW examinations. 
Often, these examiners work long hours while onsite that results in worker fatigue. Examiners 
may lack sufficient time for adequate preparation of the next outage’s examinations, which 
creates another error precursor.  

One key consideration to address examiner and schedule pressure issues is the following:  

• Successful preparation can be facilitated by proper attention to the bid specification, early 
selection of the examination vendor, and collaborative planning between the utility and 
vendor.  

2.2 Decision Making 

2.2.1 Assessment of Surface Condition 

Typically, the Level II or III examiner has sole accountability for assessing the acceptability of 
the surface condition of the DMW. Utility personnel should participate in this assessment and 
share the accountability. The consequences of this determination are high: if the surface is 
reported as unacceptable, the outage schedule may be impacted; if it is reported as acceptable, 
and later this assessment is reversed, then the examination probably will have to be repeated. 
Often, this surface acceptability determination will require additional information to be collected 
on the component, such as surface profiling, ultrasonic thickness measurements, and etching or 
eddy current measurements to determine the location of the weld and buttering. Outage 
management should be prepared for this possibility. 

The qualified examiner makes the final determination of the adequacy of the surface condition. 
Utility personnel should be prepared to provide additional conditioning and/or support to ensure 
that the surface is adequate for examination. The utility person should be informed if the 
examiner discovers that the surface condition or the coverage calculation should be corrected, 
again, resulting in a shared decision and shared accountability. The utility staff member is better 
positioned to discuss additional work scope with outage management, if necessary. 
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2.2.2 Evaluation of Data Quality for Encoded Examinations 

Encoded examinations collect and record the probe position and the associated ultrasonic 
response as the probe, controlled by a technician or an automated scanner, scans the examination 
surface. The data are analyzed on a separate computer, independently from the data acquisition 
process. This independence has often resulted in the scheduling of fully separate work flows for 
the acquisition and analysis processes with the intent of maximizing productivity. If the 
technician responsible for acquiring the data determined that the data were of adequate quality, 
then the acquisition team would move on to the next weld in the work schedule. However, the 
responsibility for evaluating the quality of the data lies with the qualified analyst, not with the 
data acquisition crew. By the time the analyst views the data, the acquisition team has moved on, 
the weld’s insulation may have been re-installed, and scaffolding may have been disassembled. 
The analyst knows that calling for a rescan will involve additional expense, dose, and schedule 
impact. Outage management should be aware that rescans can be a normal part of the process of 
collecting useful UT data and should be accommodated in the schedule.  

Two key considerations in addressing impacts to the examination work flow process are the 
following: 

• The utility should schedule the work process accordingly and be prepared for the necessity of 
rescans. 

• The impact of rescans can be minimized by requiring review and approval of the data quality 
by a qualified analyst before authorizing the acquisition team to move to the next component. 
If the examination schedule will not facilitate completion of data review before moving to the 
next component, the weld should remain readily accessible (for example, insulation still 
removed and scaffold still up) until the data review is completed. 

2.2.3 Evaluation of Indications 

Many DMW examinations are performed using a nonencoded examination technique. At 
present, conventional (non–phased array) nonencoded examination procedures are qualified only 
for flaw detection and length sizing, and are generally less capable than encoded examinations in 
distinguishing between cracking and groups of fabrication defects. Utility personnel often have 
asked conventional, nonencoded DMW examiners to determine the depth of a flaw, although this 
is outside the qualification of the procedure. In addition, an examiner cannot determine with a 
nonencoded procedure whether an indication is fabrication or service related. The limited data 
available from a nonencoded examination often do not support such a determination; 
consequently, the examination procedure requires the reporting of flaws as possible service-
induced defects.  

Although not specifically qualified for the evaluation of fabrication flaws, an encoded 
examination can be used to collect additional information to assist in the determination of the 
actual nature of the defect. The examiner should be aware of the procedure’s limitations and be 
prepared to communicate those limitations with utility personnel. Likewise, utility personnel 
should be aware of the procedure’s limitations and its impact on flaw assessment and code 
acceptability of an examination. 
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Encoded examinations provide the most detailed characterization of the condition of the weld. 
Encoders provide more accurate and repeatable probe positions than can be achieved by hand. In 
addition, analyses using three-dimensional reconstructions of the entire data volume provide the 
analyst with a context and breadth of view that is not available to the examiner who is using a 
nonencoded procedure.  

The recorded examination data can be analyzed by other qualified data analysts or third parties to 
assist in the validation of the flaw characterization. The recorded data can be compared to 
previous recorded examination data and to construction radiographs to determine whether a 
potential flaw is fabrication or service related. Evaluation of encoded data by multiple analysts is 
desirable for either or both of the following tasks: acceptance of data quality and identification 
and disposition of indications. 



 

3  
THE ROLE OF THE UTILITY 

The utility can take early steps to ensure procedure compliance. A fundamental element in 
ensuring procedural compliance is the establishment of a surface condition assessment and 
improvement process as part of the utility’s program for DMW examinations. The key to 
successful implementation of this process is planning, beginning even before the bid 
specification. A walkdown assessment should be performed at least one outage before the 
scheduled DMW examination. Procurement of many of the essential equipment items used for 
DMW examination requires long lead times (three months or more). Thus, early selection of 
theexamination vendor provides additional opportunities to ensure success.  

The considerations identified in Section 1 are addressed here from the perspective of the utility. 
Some of the items have little utility involvement. If the utility plans to perform the examination 
using its own personnel and procedures, Section 4 should be considered in addition to Section 3. 

3.1 Bid Specification 

The bid specification is the utility’s earliest opportunity to ensure that the vendor will be well 
prepared for the outage. Many of the items described in this section can be addressed in the bid 
specification. In cases where the DMW examinations are part of a blanket examination contract, 
the utility should emphasize the items in this section in the blanket contract technical 
specifications. In order to take advantage of this opportunity, the utility should do the following: 

• Understand the basic DMW examination scope and any possible scope expansions that may 
occur. Recent fleet OE should be considered as well; by the time of the outage, additional 
examinations might be expected.  

• Have a firm understanding of the surface condition of each weld in the examination scope 
and potential expansion scope, and provide this information in the bid specification along 
with the utility’s requirements for calculation of examination coverage. 

• Require that the proposed examination procedures’ qualified scope should cover all the 
welds. 

• Make use of the latest procedures. Do not request the use of the same procedure that was 
used during the last examination solely for consistency unless it is necessary in order to 
understand results from a newer procedure. 

• Understand the advantages and limitations of the available techniques and procedures. 
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• Understand that while nonencoded UT techniques can have advantages in cost and outage 
schedule, encoded techniques may provide superior discrimination between fabrication flaws 
and service-related flaws. 

• Express firm requirements regarding the qualification, training, and experience of qualified 
examination personnel and other key personnel, such as encoded system operators. The 
qualifications for vendor technical oversight personnel should be specified, if desired.  

• Require the availability of all necessary equipment onsite, plus backups of key items or a 
firm and credible plan to obtain timely backups as needed.  

• Require that examination procedures be provided in advance.  

• Provide all available surface contour information and an examination coverage goal. Require 
calculation of the estimated coverage that will be achieved and estimation of any surface 
improvements that will be necessary in order to achieve the coverage goal. Site-specific 
requirements pertaining to examination coverage calculations should be provided to the 
vendor. Utility personnel should verify the coverage calculations independently.  

For encoded examinations, the utility should specify requirements for obtaining a copy of the 
analysis software from the vendor (if the utility does not have it already) and providing training 
to the appropriate plant NDE personnel in its operation. If desired, the utility should be allowed 
to use the vendor’s stored qualification data to obtain personnel qualifications for analysis using 
the vendor’s procedures. 

 

Good Practice 
The utility should prepare a detailed bid specification addressing expected 
examination scope, projected scope expansions, and anticipated necessary 
site-specific demonstrations, with firm requirements regarding the 
qualification, training, and experience of qualified examination personnel 
and other key personnel, such as encoded system operators.  

3.2 Qualification Process 

Usually, the vendor’s procedure that will be applied at the utility’s site has already been 
qualified. The utility has little involvement here, unless the vendor is performing the 
qualification specifically for the utility’s examination. Utility personnel should understand the 
scope and limitations of the qualifications of the procedures and personnel that will be employed. 

If the vendor is performing a qualification specifically for the utility’s examination, then the 
utility should be involved in the preparation of the procedure before the qualification process. 
The utility should ensure that the procedure is structured well (see Section 4.1.1) and that the 
procedure’s qualified scope addresses all the examination configurations that are included in the 
outage examination scope. Scope expansion should be considered in case the examinations result 
in the reporting of service-induced degradation; the procedure (or another of the vendor’s 
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procedures) should address all welds that might be included in a scope expansion. Recent OE 
should be reviewed to determine if additional welds may require examination due to findings at 
other plants.  

3.3 Training 

The utility should ensure that vendor personnel involved in the examination work scope have 
received the appropriate training in the procedures, equipment, and software (if applicable) that 
they are using. The vendor should provide documentation showing that all the qualified 
personnel have received the training required for maintenance of their certification levels. As an 
option, utility personnel may participate in vendor training to obtain a thorough understanding of 
the procedures, equipment, and software (if applicable). 

 

Good Practice 
The utility should ensure that vendor personnel have received procedure 
training that addresses the examination scope, the specific NDE procedures, 
equipment, and software (if applicable) that are to be used.  

In the case of encoded examination, and particularly automated examination, the utility should 
ensure that system operators, scanner and track mounters, and any personnel responsible for 
acquisition of data have received the necessary training in system operation. The operators are 
not ultimately responsible for data quality; that is the responsibility of the qualified data analysts. 
But a highly capable system operations team can acquire high-quality data at the first attempt or 
at least with a minimum of repetitions.  

Whenever possible, data quality verifications should be performed in parallel with data 
acquisition to minimize any schedule impacts due to rescans. Experienced individuals are 
preferred; data acquisition during procedure qualification should be considered to be relevant 
experience. Focused training and practice on mockups representing site conditions can increase 
productivity and reduce radiation dose for examination locations that are expected to present 
physical challenges. 

It is desirable for the utility to have on its staff one or more individuals trained in the operation of 
the data analysis software. As an option, the utility should consider qualifying the individuals for 
data analysis using the vendor’s procedure. Utility ownership of a copy of the data analysis 
software is also recommended. 

 

Good Practice 

For encoded examinations, the utility should have available for use a copy of the 
data analysis software, and one or more utility personnel should be trained in the 
operation of the data analysis software to perform independent data review, as 
needed. 
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3.4 Understanding the Procedures to Be Used 

The utility personnel responsible for the examinations need to have a thorough understanding of 
the examination procedure in advance of the outage. This knowledge is essential in confirming 
that the procedure’s scope and qualification include all the examination locations that are 
scheduled or might be included in a scope expansion. During the examination, knowledgeable 
utility personnel can provide effective oversight of the vendor’s performance. 

 

Good Practice 
Utility personnel should have a thorough understanding of the examination 
procedures, both for preparation for the DMW examinations and for oversight 
during the examination process. 

3.5 Selection of Proper Equipment 

The utility should coordinate with the vendor in advance of the outage to ensure that all 
necessary equipment will be available for the planned examination scope and for possible scope 
expansion. The qualified probes, instruments, and cables are of primary importance, plus 
qualified software in the case of encoded examinations.  

While both nonencoded and encoded examinations are qualified for detection of cracking in 
DMWs, an encoded examination provides improved examination repeatability and recording of 
the examination data. The recorded data allow for analysis of data in a remote location away 
from the examination area and future re-evaluation of the data, if needed. Encoded examinations 
are recommended when outage conditions permit and when one or more of the following apply:  

• Previous preservice or inservice examinations were performed using encoded examination 
techniques. 

• Access to the weld and the area adjacent to the weld permits installation/removal of scanning 
equipment.  

• The configuration of the weld and adjacent piping surfaces permit the use of scanning 
equipment. 

• There are previously recorded preservice or inservice indications that need to be monitored 
and evaluated.  

• Inservice indications were detected using a qualified nonencoded examination technique that 
requires further evaluation for length and depth sizing.  

The utility should ensure that any configuration-specific calibration blocks or reference blocks 
are available. Many DMWs require probes that are specially contoured for axial scans and other 
probes that are contoured for circumferential scans. These probes require special contoured 
blocks for calibration. Additional necessary items include scanners, scanner tracks, associated 
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tooling, and spare parts. The lead times for replacement of many examination items are not 
compatible with typical examination schedules and outage durations. Therefore, spare parts and 
backup items are highly recommended in case of loss or damage. 

 

Good Practice 
The utility should ensure that vendors have available all of the proper, 
qualified equipment for the examination scope. When access and configuration 
permit, an encoded examination should be performed.  

During an outage, the utility should closely track the vendor’s equipment selection for each 
examination location in real time. If an inappropriate probe is used, for example, and it is not 
discovered until later in the outage, inefficiencies will result because the location will have to be 
reexamined.  

The utility should verify that the selection of probes is in accordance with the qualified 
procedure and that the probes are documented as being qualified. Care should be taken during 
this verification because an unqualified probe can bear markings that are almost identical to 
those of a qualified probe. Any unqualified probes should be segregated and stored separately. 

The utility should verify that detailed scan plans have been prepared, identifying the search units 
to be used, their range of applicability, and expected coverage with the various search units. 
These scan plans should be reviewed by utility personnel to ensure that all of the required 
equipment is accounted for and qualified and that coverage meets expectations. Scan plans for 
encoded examinations should be reviewed for compliance with procedural requirements for scan 
indexing and data collection intervals.  

3.6 Surface Condition 

The shape of the scanning surface is a key determinant of data quality and examination coverage. 
The surface condition should be well characterized in order to calculate coverage correctly. 

 

Needed 
The utility shall prepare, maintain, and execute a surface condition assessment and 
improvement process as part of its program for DMW examinations.  
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The following items should be considered when developing the surface conditioning assessment 
and improvement process:  

• Walkdown inspections to measure the as-built configuration and surface condition and to 
estimate examination coverage 

– Use of a specific utility surface-conditioning process or existing plant work-control 
process to schedule and track the performance of DMW walkdowns to develop detailed 
characterization of the weld configuration, thicknesses, and surface condition for each 
weld within the examination scope. Detailed weld history information (see Section 3.8.2) 
and previous examination data should be collected at this time. In conjunction with the 
collection of as-built dimensional information, an initial computation of achievable 
examination coverage should be completed.  

– Use of a specific utility surface-conditioning process or existing plant work-control and 
documentation process that evaluates the walkdown information, determines what 
additional actions may be needed, and schedules and tracks those actions. These actions 
may include additional surface conditioning; physical modifications; and development of 
alternative examination techniques, weld mitigation, or a combination of these actions.  

– In instances where encoded examinations have been performed previously, the program 
or process should ensure that a review of this previously collected data is performed in 
accordance with Section 4.4 of this document.  

– Use of a specific utility surface-conditioning process or existing plant work-control 
process that provides accountability and a feedback loop to ensure that the surface 
condition for a particular weld has been verified to be in an acceptable condition. An 
individual qualified to perform the UT examination shall provide final acceptance of the 
surface condition prior to examination.  

• Procedure qualification review – Appendix VIII qualified procedures and alternatives 

• Performance of prejob briefings 

• Additional surface preparation as needed and preparation for contingency examinations and 
active vendor oversight during outages 

– Use of an existing plant work-control or corrective-action process to schedule the 
appropriate work and support tasks needed if it is determined that additional surface 
conditioning is needed during the outage 

• Prompt review and disposition of examination results  

3.6.1 Walkdowns 

Design drawings and fabrication records are not sufficiently accurate to provide reliable weld 
configuration information. It is necessary to measure the as-built dimensions for each DMW 
configuration within the examination scope. The as-built measurements are normally taken 
during walkdowns that are performed one or more outages prior to the actual weld examination.  
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Guidance for performing DMW walkdown assessments has been published by the Performance 
Demonstration Initiative (PDI) as the “DM Weld Walkdown Checklist” available on the PDI 
website. Documentation from a qualified Appendix VIII dissimilar metal weld examination can 
be used to satisfy the walkdown information, if it addresses items 1 through 12 of the “DM Weld 
Walkdown Checklist.”  

In addition, MRP letter 2007-040, “Lessons Learned from Ultrasonic Examinations of Dissimilar 
Metal Welds,” [1] and BWRVIP letter 2007-321, “Recent Operating Experience (OE) Regarding 
Dissimilar Metal Weld Examinations,” [2] provide additional information on experiences with 
DMW examinations and related surface-condition issues.  

The condition and shape of the entire examination surface should be characterized well in 
advance of the examination so that the achievable coverage is understood. Most DMW 
examination procedures include a requirement that the surface finish should be better than 250 
microinches (6.3 microns) RMS and that when the probe is moved across the examination area 
surface, any gap under the probe should be smaller than 1/32 inch (0.03125 inch [0.794 mm]). 
No coverage credit can be taken for any areas on the examination surface that do not meet these 
criteria.  

Walkdowns should also include spatial access information that can be used to determine access 
for automated encoded examination equipment. Nearby components can interfere with 
examination equipment mounting and/or operation. Knowledge of any interference issues prior 
to execution of examinations will allow for planning to address such interferences. Spatial access 
information is also essential for planning any weld repair or mitigation operations. 

Following the collection of as-built dimensional information for each weld, an initial 
computation of achievable examination coverage should be completed. Review these 
examination coverage calculations to verify acceptable coverage: 

• The initial coverage estimate should be based on a calculation of the Code-required 
examination volume, using the proposed examination technique. Target-acceptable coverage 
is 100%, but coverage greater than 90% may be considered acceptable under certain 
conditions.  

• Subsequent examination coverage calculations may be performed to determine the estimated 
coverage for procedure-required examination volume or risk-informed examination volume 
if the weld is a risk-informed examination selection.  
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If the achievable coverage does not meet the requirements, corrective measures are required. 
These measures may include the following: 

• Development of an alternative qualified examination technique to achieve the required 
coverage. The alternative examination might employ the same procedure but use probes with 
smaller footprints or different beam angles that can maximize the coverage obtainable, given 
the existing configuration. The alternative examination might include a different procedure; 
for example, a conventional examination procedure might be augmented using a phased array 
examination procedure for improved or enhanced coverage. 

• Modification of the surface condition to improve the coverage to the required level. This 
could include grinding, sanding, or machining of the existing surface. Surface improvements 
should be performed in advance, but the utility should be prepared to perform surface 
improvements as needed during the outage. (Surface improvement is not possible in some 
cases because removal of sufficient material to enable the examination would violate the 
minimum wall thickness requirement for the examination location.) Engineering evaluations 
should be performed in advance to determine the maximum amount of material that can be 
removed. 

• Application of a weld overlay to achieve an appropriate surface condition. 

• Development and submittal of a request for relief to the Nuclear Regulatory Commission 
(NRC). 

Note that in any of these cases, the utility needs to ensure well in advance of the outage that the 
vendor’s procedures, personnel, qualifications, and equipment set are qualified for the as-
modified surface. 

The guidance provided in this document applies to examinations from both the OD and ID 
surfaces. There may be cases when examinations are possible only from the piping/nozzle ID 
surface or when materials are not conducive to inspection from the OD, such as cast stainless 
steel. In these cases, surface conditioning may not improve inspectability or examination 
coverage.  

The surface-conditioning recommendations for examinations from the ID or OD surface may not 
be applicable due to access and radiation dose constraints. For ID surface examinations, the 
owner may use previous fabrication or inservice examination data to review the likely condition 
of the ID surface. Verification of the actual ID surface condition may be performed in 
conjunction with the performance of the examination. 
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3.7 Site Review of Examination Procedure and Its Qualification 

Site utility personnel should review the procedure and the bounds of its qualification to ensure in 
advance that adequate coverage can be achieved. The review should consider the following: 

• As-built configurations of the locations within the examination scope 

• Known obstructions near the examination locations 

• Plant-specific experience from prior examinations 

– Problems that have been encountered in obtaining access and adequate coverage 

– Indications that merit particular attention 

It should be noted that previous examination history alone should not be considered adequate for 
preplanning of a DMW examination. As Code requirements and technical proficiency with 
assessing and performing these examinations evolve, it is possible that components that were 
previously thought to be examinable may, in fact, require additional surface preparation or 
additional inspection technique considerations in order to achieve Code coverage.  

3.8 Prejob Briefing and Postjob Debriefing 

The prejob briefing should be conducted to address the work scope, prerequisites to be 
completed prior to the start of work, limitations, safety considerations associated with the work 
activity, task sequences, roles and responsibilities of those involved, lessons learned from 
previous examinations and industry operating experiences, and other special requirements 
necessary to ensure a safe, reliable, and efficient execution of the task. Prejob briefings should be 
performed in a manner consistent with existing plant work-control processes and include the 
inspection vendor personnel; support group personnel (for example, scaffold and insulation); and 
utility NDE, radiation control, and outage management personnel.  

The prejob briefing should be designed to be as interactive as possible. The facilitator should use 
drawings, sketches, photos, or visual aids, as needed, and use questions, not only to stimulate 
communication, but also to validate understanding. As a minimum, the following topics should 
be included:  

• Surface condition (for each weld in the scope) 

• Weld history and lessons learned from previous examinations (if any) 

• Applicable procedures and procedural requirements 

• Station’s expectations for examination performance and reporting  

• Expected results and contingencies 

• Role of the qualified examiner or data analyst 

• Role of utility personnel 
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• Radiation protection, dose reduction, and ALARA practices 

• Personnel protection and safety 

• Industry operating experience communication 

In addition to the prejob briefing, a postjob debriefing should be performed, using similar 
discussion topics to develop lessons learned that can be used for future examinations.  

3.8.1 Surface Condition 

The prejob briefing should emphasize that the surface condition will meet the procedure’s 
requirements before proceeding with the examination. The examination procedure’s quantitative 
requirement for both flatness and smoothness of the scanning surface should be reviewed along 
with all available data on the as-built condition of the surface for each weld in the scope.  

The surface condition of each weld shall be verified before examination. The prejob briefing 
should include a detailed review of the tools and methods that are to be used in order to verify 
and document the surface condition of each weld before examination. Practical exercises are 
recommended, using a set of workmanship standards that includes various acceptable and 
unacceptable surface conditions. All personnel who are expected to assess surface conditions 
should participate in these exercises and use the same or similar measurement tools. This may 
include nonencoded examiners, encoded data analysts, encoded system track setters, and utility 
oversight personnel (as needed). 

3.8.2 Weld History 

The prejob briefing should include historical information about the welds being examined  
to the extent known, as listed below. This review includes the materials, weld process, joint 
configuration, any known repairs or heavy cold work during fabrication, and prior examination 
results.  

• With knowledge of the materials, weld process, and configuration, the examiner will be 
aware of the typical discontinuities that could be expected within the weld, at the fusion 
zones, and at the inside surface, aiding accurate interpretation of the ultrasonic examination.  

• Review of prior examinations/history should include: 

– Examination limitations reported. 

– Quality of probe contact. 

– Coverage obtained, both full volume and specifically at the inside surface. 

– Any indications of interest. 
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– Consideration of the date of the previous examination and subsequent OE that could be 
relevant. 

– If repair information is available, the briefing may include drawings that show the 
locations of these conditions in azimuth and in reference to the weld centerline. Field 
experience has shown that weld repair areas may affect the surface condition of the weld 
and ultrasonic responses in that area of the weld. In addition, weld repairs made during 
installation can have a significant effect on the as-welded residual stress, and heavy cold 
work caused by machining or grinding can cause sensitization of the microstructure. Both 
are leading indicators for stress corrosion cracking during service. 

3.8.3 Interaction Between the Utility and the Qualified Examiner or Data Analyst 

The nonencoded (manual) examiner or analyst of encoded data is responsible for full and 
accurate application of the qualified procedure. The prejob briefing should describe to 
examination personnel how the utility will provide support for execution of the procedure. As a 
minimum, this includes discussion of the following topics: 

• Verification of the surface condition. The utility should describe how the assessment of the 
surface condition will be performed and how concerns about the surface condition will be 
addressed in a timely manner. If, during the examination, the examiner later discovers 
information that indicates the surface acceptability is different from the previous assessment, 
then the utility verifier may perform an independent review of the new information. 

• Selection of the proper equipment. Preferably through a pre-established, written scan plan, 
the utility oversight personnel should verify that the correct equipment has been selected for 
each weld. 

• Execution of the nonencoded scan or acquisition of encoded data. Utility personnel should 
identify the logistical and facility support that will be provided for these activities. 

• Verification of the quality of the encoded data. The utility will review any requests for 
rescans to verify the data quality and the basis for the rescan.  

• Documentation of any limitations. The utility should emphasize that examiners are expected 
to do the following: 

– Carefully document any examination limitations and their effect on the achieved 
coverage. Provide photographs of limitations and scan obstructions, if available.  

– Report limitations promptly, along with recommendations for eliminating the limitations, 
so that improved coverage can be achieved within the current outage. 

– Report any reservations or concerns about the examination. 

– Require rescans whenever the quality of encoded data is questionable. 
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• Evaluation of examinations and sizing of indications evaluated to be service-induced flaws.  

– For encoded examinations, the utility should do the following: 

o Evaluate indications reported to be service-induced cracking, using additional 
analysts, or the utility may call in one or more third parties to review.  

o Evaluate at least 20% of the welds for which no crack indications were reported.  

– For nonencoded examinations, the utility should review the flaw detection data with the 
examiner and assist in the evaluation of additional actions to be taken. Those actions 
could include supplemental encoded examinations, weld repair, or mitigation.  

– The utility should also describe the plan for providing fabrication history, repair history, 
fabrication radiographs, and examination history of the welds upon request. 

• Reporting. The utility should identify its expectation for the timing of reporting the 
examination results. The utility should identify a specific utility point of contact for reporting 
the preliminary and final results. 

 

Good Practice 
During the prejob briefing, the utility should discuss the verification of 
surface condition and encourage prompt reporting of any examination 
limitations or concerns held by the examiner after the examination. The 
utility should work with the vendor to address the concerns in a timely 
manner and support the vendor fully when the vendor requires rescans of a 
component. 

3.8.4 Roles of Utility Personnel 

The utility will identify the following contacts during the prejob briefing: 

• Logistical and facility support 

• Radiation protection support 

• Personnel to participate in surface condition assessment 

• Personnel to provide fabrication history, repair history, fabrication radiographs, and 
examination history of the welds upon request 

• Reporting chain of command  

– Point of contact for communication of preliminary and final results 

– Point of contact for reporting and resolution of examiner’s reservations or concerns 
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3.8.5 Relevant Operating Experience 

The utility will review fleet operating experience relative to the examination scope. The review 
will include the following: 

• Instances of degradation. Locations within the examination scope that are similar to the 
operating experience will be identified. 

• Instances of human error. Experiences relevant to the examination procedures (nonencoded 
or encoded) to be used during the current outage will be reviewed, along with 
recommendations for avoiding repetition of the same errors. Discussion between participants 
is encouraged. 

3.9 Performing the Examination 

Utility staff should support nonencoded and encoded examinations as described in the prejob 
briefing. The utility should review the radiation protection, ALARA, dose reduction, and 
personnel safety requirements for the examination scope.  

3.10 Documentation of the Results 

Utility personnel should review examination results promptly and thoroughly to ensure that all 
examinations were performed in accordance with the qualified procedure and to allow timely 
initiation of any necessary supplemental NDE, repairs, or scope expansion. Any errors that are 
discovered in the equipment used, personnel qualifications, or other items of procedure 
compliance should be documented and resolved in accordance with the utility’s Corrective 
Action Program or equivalent process. Prompt identification of these errors may permit 
correction of the discrepancy during the current outage. 





 

4  
THE ROLE OF THE EXAMINATION VENDOR 

The examiner evaluates the condition of a weld or component against prescribed acceptance 
criteria. The examiner’s evaluation of the component must be technically sound. The examiner 
should have demonstrated the ability to perform inspections in accordance with a qualified 
procedure while maintaining high flaw detection and a low false call rate. In order to improve 
performance, it is important to minimize variables that could contribute to poor performance. 
Enkvist, Edland, and Svenson [3] concluded that ultrasonic examiners who put more emphasis 
on decision-making criteria when evaluating an indication performed better than those who did 
not. They also found that examiners who had a positive attitude about the procedure performed 
better on their performance demonstration practical exam. Well-written procedures can enhance 
performance. 

The vendor’s primary role in a DMW examination is to supply the qualified procedure, 
personnel, and equipment to perform the examination. There are four key areas where a vendor 
can assist in improving human performance during the implementation of NDE: 

• Developing well-structured procedures 

• Supplying adequate training to their examiners 

• Providing proper preparation and oversight 

• Incorporating industry lessons learned in the data review 

4.1 Procedures 

As examination technology improves, examiners remain ultimately responsible for ensuring the 
successful application of examination procedures. System operators and analysts should continue 
to be knowledgeable and efficient while exercising good judgment. To ensure successful NDE 
examinations, each element within the NDE system—equipment, procedures, and personnel—
should be reliable. With the recent implementation of improved UT technologies such as 
nonencoded and encoded phased array UT systems and integrated computer-aided design (CAD) 
capabilities, vendors should plan ahead to train personnel in these new technologies as they 
become more prevalent. 

4.1.1 Procedure Clarity 

In the mid-1990s, INPO conducted a study on factors that led to human error in the nuclear 
power industry. Factors included environment, change in management, work practices, training, 
and communications, and the study found that poorly written procedures were the second leading 
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factor that led to human error. Well-written procedures reduce human errors and improve human 
performance. Vendor procedures should be written as an operator aid designed to guide 
qualified, well-trained system operators and analysts in performing required tasks correctly and 
efficiently. A procedure should address specific criteria while providing a specific action.  

An effective procedure takes into account the five Cs:  

• Clarity 

• Context 

• Consistency 

• Compliance  

• Completeness 

A procedure that is easy to read and understand has good clarity. The steps should be aligned to 
follow a logical order. Consistency is important, and the writer should use the same terminology 
in the same way every time to ensure consistent results. All terms should be defined at the start 
of the procedure. Simple words like “should,” “shall,” and “must” could be misinterpreted unless 
they are specifically defined. The correct context will result in compliance, making the procedure 
complete.  

Action statements in the procedure should provide direction by properly describing the activity 
to be performed. Procedures that lack specific direction require the users to fill in gaps 
themselves, which may result in noncompliance. 

4.1.2 Decision Aids 

In 1990, EPRI published report NP-6675, Cognitive Correlates of Ultrasonic Inspection 
Performance [4] that analyzed the transcripts of hundreds of examinations conducted by 
ultrasonic examiners as they performed examinations for intergranular stress corrosion cracks in 
austenitic pipe welds. The report concluded that the cognitive process was an essential part in the 
inspection process. The results of this study, in combination with EPRI report TR-100412, Effect 
of Decision Making on Ultrasonic Examination Performance [5], showed that when examiners 
utilized decision aids (that is, if-then logic statements) they performed better. In fact, examiners 
using a decision aid outperformed examiners without a decision aid by 25%.  

Based on these studies, human performance would be improved by incorporating decision aids 
into ultrasonic procedures. Decision aids such as flow charts, if-then logic statements, and 
images of A-scans and C-scans are valuable tools for evaluating the data and should be included 
in examination procedures. During the data analysis, the procedure is to provide guidance with 
regard to A-scan signal characteristics, C-scan data and the associated color palette, and the 
location of data in relation to benchmark responses (weld root, counterbore). 
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4.1.3 Procedure Availability 

When tasks involve many steps or high complexity, or where errors have significant 
consequence, every operator and examiner should have the procedure readily available for 
reference. When examination is in a high dose area, special actions may be needed to have the 
procedures available for reference. A well-written procedure will reduce the user’s dependency 
on memory recall of task-specific details. In other cases, with experienced operators who 
perform the task regularly and where complexity and consequences are not as high, reference 
procedures may be appropriate. These can be used as required or read prior to performing the 
task. 

4.1.4 Human Factors Guidelines for Procedure Writing 

Procedure writers should follow a procedure writer’s guide or a template that standardizes 
procedure writing practice to provide a common format and structure for examination 
procedures. Standardization helps to make the procedure writing and the management of the 
change process more cost effective and helps to minimize problems when personnel are 
transferred between projects or perform different types of examinations.  

4.2 Training and Practice 

The purpose of formal training and refresher training is to bring the individual’s knowledge, 
skills, abilities, and attitudes from their “entry-level” state to the level required to meet overall 
system performance requirements. Refresher training is an effective method of maintaining 
performance levels. Training sharpens and hones the individual’s abilities and skill level. 

4.2.1 Appendix VII 

ASME Section XI, Appendix VII, VII-4240 requires that ultrasonic examination personnel 
practice by using nonencoded techniques or by analyzing encoded data from welds containing 
flaws. As an alternative, the use of Appendix VIII qualification may be used to satisfy this 
requirement. The practice should be a minimum of 8 hours completed on an annual basis. This 
practice is to provide the “how” of procedures and to carry out the exact procedural steps to 
perform specific tasks in the optimum manner. Training and practice on actual procedures are 
essential to minimize human errors.  

Vendors use this requirement as an opportunity for encoded system data analysts to sharpen their 
analytical skills. Data packages should be assembled that require correctly analyzing indications 
by distinguishing between geometrical indications (root, counterbore, mode conversion, and 
beam redirection) and cracks (fatigue and stress corrosion). In addition, the package should 
include samples with poor quality data. Poor quality data could include the following:  

• Data where there is poor coupling between the probe and the component due to loss of 
couplant or loss of contact 
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• Cases when the probe makes poor contact due to hoop shrinkage, rising on the weld crown, 
or an irregular profile 

• Data where incorrect parameters were used 

Finally, data with actual flaws should be presented to familiarize less experienced personnel with 
the appearance of actual flaw data.  

Most vendors have libraries of data available that have been collected over the years. They 
should be collated into sets that contain examples of adequate and inadequate data quality. It is 
essential that a data analyst has the ability to recognize poor quality data. The vendor should 
consider including a refresher review of this data onsite just prior to starting the outage. 

4.3 Vendor Technical Oversight 

The vendor should provide a rigorous level of technical oversight when implementing DMW 
examinations. The importance of proper planning for DMW examinations cannot be overstated. 
Vendors should perform DMW examination readiness reviews with the appropriate project Level 
II or III personnel to ensure that they are adequately prepared to perform the contracted DMW 
examination scope.  

In cases where contract personnel are working directly for utility personnel, the utility should 
perform this readiness review and oversight function. These reviews can be performed internally, 
but it is highly recommended that they be performed in conjunction with the responsible utility 
personnel. The vendor review team should include, as a minimum, a DM qualified UT technician 
and a UT Level III (could be the same individual).  

The readiness review should be based on a readiness checklist that contains the critical aspects of 
the DMW examination process. The checklist should include, as a minimum, the following 
items: 

1. As-built configuration: 

a. Drawings – design and as-built 
b. Preservice weld data  

i. Weld history - Most service-induced flaws have been located in weld repair areas. 
ii. Section III and PSI exam data - Have the data in hand for the inspections. 

c. Thickness and contour information 
i. Gather this information early. 

ii. If thickness and contour data are unavailable, they should be acquired following the 
guidance for performing DMW walkdown assessments that is published by the 
Performance Demonstration Initiative (PDI) as the “DM Weld Walkdown Checklist,” 
which is available on the PDI website.  

d. Fabrication detail information – Any site- or unit-specific or unique fabrication details.  
 

2. Accessibility for inspection and repair - Identify obstructions. 

3. Photographs - Reinforce data from thickness and contours, and aid in accessibility review. 
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4. ALARA plan available. 

5. Surface condition acceptability: 

a. Is the surface condition known to be acceptable, or is additional surface conditioning 
required? 

b. Are plans and resources available for additional surface conditioning as needed?  
 

6. Calculation of expected coverage using a detailed scan plan that was constructed using all 
available as-built and design information and considering the required search units that will 
be used for the examination: 

a. Is 90% coverage achievable? 
b. If not, what can be done to increase the coverage? 
c. Is a deviation or relief request needed? 

Note: Utility personnel should review the vendor-provided coverage estimates to ensure 
that the proper level of conservatism has been applied from an ASME Code standpoint. 
Nonconservative coverage estimates or the use of nonqualified techniques could result in 
an overestimate in coverage that may preclude the utility from properly preparing for the 
examination. It is ultimately the licensee’s responsibility to ensure that Code 
requirements are met. 

7. Determination of procedural parameters and probe design: 

a. Verify that all required probes are qualified. 
b. Verify that all required probes are available. 
c. Verify that spares are available. 
d. Identify any special wedges or contouring necessary. 
e. Ensure that appropriate calibration standards that contain the appropriate contours are on 

hand. 
f. Verify that the qualified procedure ranges include all the as-built configurations in the 

examination scope. 
g. Verify that any weld tapers are within the qualified range. 

i. Is site-specific qualification needed? 
 

8. Determination of procedural constraints: 

a. Need for site-specific mockups  
b. Testing onsite-specific mockups 

 
9. Implementation issues: 

a. Are qualified personnel available? 
b. Are eye tests and training up to date? 
c. Is all equipment available? 
d. Have contingencies for equipment and personnel been planned? 
e. Is there a communication plan or examination flow chart to assist in issue resolution and 

communication of examination results? 
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4.4 Data Review 

Recent industry experience has emphasized the importance of proper surface preparation prior to 
UT examinations. The effects of reduced contact efficiency on the results of UT examinations 
are well known and documented. The inherent structure of a DMW creates challenges for UT 
inspections; these challenges are compounded when component surface conditions are less than 
ideal.  

The four major contributors to a successful ultrasonic DMW inspection are the following: 

• Sufficient access to the examination volume 

• Adequate surface condition for probe coupling 

• Proper inspection technique 

• Proper application of a qualified procedure 

Recognition of these major contributors and the implementation of actions to address them will 
significantly increase the quality and accuracy of DMW examinations. 

4.4.1 General Information 

For previous examinations that were not qualified in accordance with ASME Code Section XI, 
Appendix VIII, Supplement 10, the utility should review previous examination data for 
adequacy, using the following guidance. The intent of the information presented here is to 
provide guidance related to assessing the surface condition of DMWs with regard to previous 
and future UT inspections. The information is also intended to provide a general understanding 
of the negative effects that poor surface conditions can have on the results of UT examinations as 
well as to provide visual examples that may assist in identifying areas of concern during the 
review of existing data. 

The effects of surface geometry on the results of UT examinations are well known and 
documented. UT contact testing relies on the contact efficiency between the ultrasonic probe and 
the component being examined to provide optimal results. Even relatively minor interruptions in 
probe contact can have an adverse effect on the quality of the examination. The presence of weld 
crowns or radial shrinkage near the weld are examples of conditions that will reduce probe 
contact efficiency, thereby potentially reducing the effectiveness of the examination. Figure 4-1 
was created using an ultrasonic beam modeling program and depicts this condition. 
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Figure 4-1 
Modeling the Effect of Poor Contact on Ultrasonic Beam Forming 

As can be seen in Figure 4-1, when the UT probe is in optimum contact with the surface (far left) 
a well-formed UT beam is induced in the material under examination. This condition provides 
the best examination results. As the probe is moved toward the right side of the illustration, 
surface conditions are present that distort the UT beam and have a negative impact on the 
examination. These adverse surface conditions are indicative of radial shrinkage and weld 
crowns. 

Figure 4-2 depicts the UT responses from a series of ID connected notches. As the probe 
encounters a weld crown and experiences a “lift-off” condition, a dramatic reduction in the UT 
responses can be seen in the upper-right image. 
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Figure 4-2 
Modeling the Effect of Poor Contact on the Ultrasonic Responses of a Set of Identical 
Notch Reflectors 

Figure 4-3 is UT data collected with an encoded acquisition system and shows a similar 
reduction in UT responses as in Figure 4-2. The lighter blue area of the image (outlined in the 
red box) is indicative of poor contact efficiency; therefore, the presence of flaw extension into 
this region cannot be ruled out 
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Figure 4-3 
Example of Poor Probe Contact in Encoded Data 

Figures 4-4 and 4-5 were taken from UT examinations performed on the same weld. Figure 4-4 
is from data acquired when the weld had a moderate weld crown condition. Figure 4-5 is from 
data acquired after surface conditioning was performed to remove the weld crown condition. The 
lighter blue/white areas present in the middle and top of Figure 4-4 are indicative of reduced 
contact due to the weld crown. These lighter areas are essentially devoid of meaningful data. 

 

Figure 4-4 
End-View Image of Ultrasonic Data from a Weld with a Moderate Crown Condition 
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Figure 4-5 
End-View Image of Ultrasonic Data from the Same Weld After the Surface Condition Was 
Improved 

After surface conditioning, the general background color in the data is far more consistent, as can 
be seen in Figure 4-5. This consistent background is an indicator that contact has been greatly 
improved by surface conditioning. Additionally, Figure 4-5 shows a significant and unique 
reflector present in the data (the yellow-to-red pattern in the middle region of the image). A 
similar, but greatly reduced, pattern can be seen in Figure 4-4 as well. As can be deduced from 
comparing the two images, the poor surface condition present in Figure 4-4 had a detrimental 
effect on the overall quality of the examination.  

Also present in Figure 4-4 are areas of high amplitude “noise” in the data (the yellow-to-red 
areas scattered throughout the image). This noise is also indicative of poor contact during the 
examination and is frequently related to gaps under the probe from radial shrinkage and/or the 
presence of weld crowns. It is important to realize that the surface condition that was present in 
Figure 4-4 would not comply with current procedure requirements qualified in accordance with 
ASME Appendix VIII, Supplement 10. The surface preparation related to Figure 4-5 meets the 
current requirements, and the difference in data quality can easily be recognized as significantly 
improved. 

4.4.2 Data Review Criteria – General 

The following information is intended to provide general guidance related to the review process 
of previously collected and future collected data on DMWs. Additionally, key points are 
presented that should be considered prior to performing future examinations. 
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The data review process should initially focus on identifying poor or questionable data quality 
and the presence of embedded flaws. Poor or questionable data quality refers to conditions (for 
example, poor contact) that could have a negative impact on the quality of the examination and 
the ability to determine the integrity of the weld. Items to be considered when evaluating data 
quality should include, but are not limited to, the following: 

• The presence of weld crowns 

• Radial shrinkage near the weld 

• Overall poor surface condition 

• Probe lift-off  

• Inadequate probe coupling 

The review should begin with the most recent examination data and, if necessary, continue to 
previous examinations, as appropriate, to determine the adequacy of existing data. Determine if 
the most recent examination was performed with an Appendix VIII, Supplement 10 qualified 
procedure and if this procedure followed the guidance provided in EPRI report 1009961, 
Dissimilar Metal Piping Weld Examination Guidance: Volume 3 [6]. This document contains 
additional guidance, including a strong affirmation of the necessity for flatness/roughness 
requirements of less than 1/32 inch (0.03125 in. [0.794 mm]) over the length of the probe.  

Any findings should be documented, and the review may be considered complete. If evidence of 
poor or questionable data is discovered, an attempt should be made to ascertain the cause. If 
surface conditions appear to be a contributing factor, a surface conditioning plan should be 
developed and implemented prior to any required future examinations. If the data contain 
evidence of embedded flaws, the data from the last examination should be evaluated in an effort 
to ensure that no connection to the inside surface is evident. If surface conditions appear to limit 
the thorough evaluation of an embedded flaw, surface conditioning should be planned, and the 
component should be re-examined at the earliest opportunity. 

Areas of poor or questionable data quality within the Code-required examination volume should 
be evaluated to determine the potential cause. In addition, these areas should be documented as 
areas of limited or no coverage, with an explanation for the limitation. If the data review 
identifies surface conditions that might not meet the current requirements, a surface conditioning 
plan should be developed and implemented prior to any required future examination. In the event 
that adequate surface profiles are not available or if surface conditions cannot be determined 
from the available data, this information should be gathered at the first opportunity. Collection of 
walkdown data should be performed one or more outages before the examination is scheduled. 
This allows sufficient time to plan and execute surface preparation and probe acquisition. 
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Additionally, previous UT examination techniques should be compared to the current Appendix 
VIII qualified techniques. Generally, UT probe selection would be of primary concern during 
this review. Items to consider during this comparison should include the following: 

• Probe angle 

• Probe focal length or depth 

• Probe frequency (MHz) 

• Probe contouring 

When available, weld repair history should also be reviewed in an effort to identify the source of 
any suspect areas or the nature of any previously reported indications. 

4.4.3 Data Review Criteria – Encoded Examinations 

Review of previously collected encoded inspection data should be performed by a data analyst 
qualified for the examination in accordance with Appendix VIII. 

The following information is provided as guidance to be considered during the review of 
previously collected encoded UT data. This information is not intended to be all inclusive, but 
should be considered during the review process. 

Initially, general observations should be made of the entire scan area. This general review should 
attempt to identify areas that exhibit evidence of reduced contact, examples of which are shown 
in Figures 4-3 and 4-4. Typically, weld crown or radial shrink interference will appear as a band 
of reduced contact near the weld. This band might or might not be present throughout the entire 
length of the scan, due to varying conditions around the component circumference. These areas 
might also be accompanied by high amplitude noise signals generated when probe lift-off occurs.  

After the initial review, a more detailed evaluation should be performed on areas where potential 
reduced contact efficiency has been noted. A suggested approach to this evaluation would 
involve reviewing the A-scan data in the suspect areas and comparing the data with areas that 
appear to have good contact. 

Most procedures specify that scanning sensitivity be established in a manner that will produce an 
inside surface response or “ID roll” between 10% and 20% of the maximum A-scan presentation. 
Therefore, based on the procedure requirements, the A-scan responses from the ID in the suspect 
areas should be evaluated against other areas of the scan and against the procedure requirements 
to identify a reduction in ID response that could be attributed to poor contact. Data collected on 
horizontal components might also have contact issues near the bottom where the effects of 
gravity might contribute to contact difficulties.  
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If the review process identifies characteristics that could result from weld crown or radial shrink, 
detailed evaluation of the actual component should be made, and surface conditioning should be 
performed, as required, prior to any required future examination. Areas within the examination 
volume that exhibit reduced contact that cannot be attributed to weld crown or shrinkage should 
be documented as coverage limitations. 

4.4.4 Data Review Criteria – Nonencoded Examinations 

The review of nonencoded data is more limited than that for encoded data since the review is 
primarily limited to the paper report generated during previous examinations. In light of this, the 
review needs to be more critical in some respects. Components where embedded indications 
have been previously recorded should warrant additional scrutiny during the review process. 

The evaluation of surface condition, in many cases, will be limited to one or two surface profiles. 
The traditional method of acquiring a surface profile uses a pin gauge similar to those that can be 
purchased at a local hardware store. The pin gauge is pressed against the component surface, and 
the resulting profile is traced onto a piece of paper. This method inherently results in some 
reduction of resolution with regard to the actual component surface. Due to this situation and the 
lack of digitized data to review, extra scrutiny should be applied when reviewing these surface 
contours. Even slight surface conditions present in the previous data packages could, in fact, be 
more significant than they appear. Additionally, the surface profiles available for review might 
not have been taken in an area representative of the most adverse surface conditions around the 
component circumference. 

Figure 4-6 provides an example of a surface profile that would most likely adhere to a qualified 
procedure’s surface requirements. Figure 4-7 depicts an example of a surface profile that should 
be regarded as questionable and probably would not meet the current surface condition 
requirements. However, even if a surface profile appears to be consistent with Figure 4-6, it is no 
guarantee that the rest of the component circumference will possess the same profile conditions. 

 

Figure 4-6 
Example of a Surface Profile Consistent with the Requirements of Most Procedures 
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Figure 4-7 
Example of a Surface Profile That Is Not Consistent with the Requirements of Most 
Procedures 

In addition to review of surface profile information, a thorough review of previous probe 
selections should be made. In many cases, the probes used for DMW examinations prior to 
Appendix VIII qualifications do not meet the current requirements. Often, these probes were too 
small, too high in frequency, or focused too shallow to provide effective interrogation of the 
inside surface. 



 

5  
COLLABORATION BETWEEN THE UTILITY AND THE 
EXAMINATION VENDOR 

The utility normally contracts with an examination vendor to perform inservice and augmented 
examinations on safety-related piping and components. The vendor supplies qualified NDE 
procedures, equipment, and personnel to perform the examinations, but rarely has all of the 
information necessary to prepare and perform the examination correctly. Months in advance of 
the outage, the vendor needs detailed information on the as-built configuration of each weld that 
will be examined in order to prepare adequately for the DMW examination.  

A close partnership between the owner and vendor, established well before the outage, is 
necessary for a successful DMW examination campaign. Teamwork ensures that all parties 
understand each weld configuration, its accessibility, surface condition, and coverage limitations 
and the qualified NDE procedure, equipment, and personnel that are applicable. Each DMW 
should have a well-developed examination plan and clear expectations for its execution.  

The utility is responsible for scheduling the DMWs for examination. There should be a complete 
examination plan for each weld. The plan starts with gathering detailed information on the as-
built configuration of each weld, well prior to the outage, and ends with completion of a 
successful DMW examination. The following is a description of the key preparation activities 
and how the utility and vendor personnel should work together to be successful: 

1. The utility should determine if there is a PDI-qualified procedure for each DMW. At this 
stage, the utility needs to work with potential vendors to see what qualified UT techniques 
and inspection tooling are available to perform the DMW examinations. All options should 
be reviewed: nonencoded versus encoded examinations, and conventional versus phased 
array. This step can lead to early selection of a vendor, a key success factor, but it cannot be 
fully resolved until data from step 2 is gathered and evaluated. 

2. The utility should perform a walkdown to gather information on the actual DMW 
configurations, as-built data (actual weld contours), and access constraints and limitations. 
This is the most important item that the utility has the responsibility for completing. The 
utility may perform the walkdown using internal resources or a vendor. It is important that 
the owner assess the surface condition of each DMW to conservatively calculate the 
achievable examination coverage and to determine whether additional surface conditioning 
may be required. The data should be collected at least one or two outages prior to the outage 
when the actual examinations will be performed to allow time to acquire any specialized 
probes that will be necessary (the lead time is measured in months) and to plan any surface 
conditioning that may be needed.  
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3. The utility should perform a detailed examination assessment, which is actually the 
completion of step 1 above. Evaluate the weld data to determine whether each DMW 
configuration is covered by the qualified DMW procedure that the utility or vendor proposes 
to use for the examinations. This evaluation requires special skill sets that might not be 
available within the utility staff, so the utility should get assistance from the vendor, another 
party, or both. The examination assessment results will determine future actions that may be 
needed during future outages, such as additional surface conditioning or removal of 
obstructions; the utility should participate in the assessment in order to develop a full 
understanding of these future needs.  

4. If a weld within the examination scope is not currently covered by a PDI qualified procedure, 
then it may be necessary to perform a site-specific demonstration, a supplemental technique 
qualification, or additional surface conditioning to meet the procedural requirements or to 
consider using another vendor who has a procedure that is qualified for the weld. The utility, 
vendor, and possibly a third party with expertise in DM qualification should work together to 
determine the optimum approach.  

5. Once it has been determined that the weld is covered by a specific qualified procedure, 
conservatively calculate the expected examination coverage. Often, the coverage assessment 
is performed by the examination vendor and verified by the utility or a third party. It should 
be noted that most PDI qualified procedures are designed to examine a greater volume than is 
required by ASME Section XI Code or MRP-139.  

The ASME Code required volume is, as a minimum, the lower one-third of the weld volume 
and base material for a distance of 1/4 inch (0.25 inch [6.35 mm]) from each side of the weld 
including the butter. The qualified PDI procedure examination volume covers the entire 
volume of the weld, including the base material for a distance of 1/4 inch (0.25 inch  
[6.35 mm]) from each weld toe including the butter.  

Coverage calculations for the ASME volume versus the procedure-required volume will vary 
because of the differences in the definition of volume. The coverage calculations for PWR 
welds should be reviewed against the examination volumes required by the MRP guideline 
because often the guideline requirement of >90% coverage for circumferential and axial 
flaws can be achieved without meeting the examination coverage requirements of the PDI 
procedure.  

6. Once the coverage calculation is complete, the final selection of the examination procedure 
can be made. 

a. In many cases, the utility may have decided early in the process to use a PDI generic 
nonencoded examination procedure, and the vendor had little to no involvement in 
completing steps 1 through 5. The utility should contract with an NDE services vendor at 
least six months prior to the examination to ensure that the vendor can supply the 
qualified equipment and personnel to support the examination. At least three months 
prior to the outage, the vendor should already be fully informed of the DMW 
configurations and should have completed all decisions as to the equipment that will be 
used.  

b. For encoded examinations, it is critical that the vendor be selected and contracted with a 
year in advance so that the vendor can play an active role in determining examination 
technique options and in planning how to integrate the examination technique and tooling 
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into the inspection schedule. Often, the inspection vendor can work closely with the 
utility to develop or modify encoded inspection equipment to improve various 
performance attributes of the equipment, to reduce dose, or to improve examination 
coverage.  

7. The utility should work closely with the vendor to finalize a robust examination 
implementation plan. Include other responsible utility personnel such as the utility Level III, 
engineering, and outage management, and radiation protection personnel in the DMW 
examination plans. In most cases, the DMW examinations are scheduled over several 
consecutive outages, so it is important to align the DMW examination schedule with other 
major outage challenges to take advantage of similar schedule opportunities. There may be 
other prerequisite tasks, such as additional surface preparation or removal of obstructions, 
that should be done prior to the examination, possibly in a prior outage. 

8. As recommended in Section 4, the vendor, with utility participation, should conduct a 
readiness assessment one to three months prior to the implementation of the DMW 
examinations. This review should assess the readiness of the vendor and utility organizations 
to implement the examinations. This is the final assessment to ensure that the DMWs will be 
in a state of readiness for the examinations and that the correct procedures, equipment, and 
personnel are prepared for the examination.  

9. The utility and the vendor should discuss and prepare a flow chart or communication plan on 
how examination issues and examination results are to be communicated and resolved. This 
indication resolution process should be in place prior to the outage and with all affected 
parties in agreement with the process.  

Communication and handling of NDE results is a very important process and information 
control issue for a plant. It is recommended that the utility and vendor document the steps to 
be followed and the communication needed when the vendor detects and reports a flaw. 
When the utility has a documented indication resolution process in place, then all of the 
activities that are needed to respond to the flaw are done in an urgent, controlled manner that 
has already considered impacts to resources and schedule. Without a plan, the utility 
response may be reactive and not controlled, resulting in lost resources and schedule 
efficiency. This plan should also consider the level of repair or mitigation options that may 
be needed in the event that a flaw is detected and should consider expansion of the 
examination scope.  

The importance of planning for DMW examinations cannot be overstated. The examination 
requirements are highly complex and require several technical evaluations before an examination 
can be implemented. These preparation tasks and associated evaluations require various levels of 
expertise and information. The utility and vendor need to work together to develop a plan, refine 
and communicate the details of the plan to their organizations, and implement the DMW 
examinations. Good communication, partnership, and leadership between the utility and the 
vendor are the key elements to ensure successful DMW examinations.  





 

6  
CONCLUSIONS 

Optimum performance of DMW ultrasonic examinations can be achieved through 
implementation of the following utility actions shown in Table 6-1. 

Table 6-1 
Conclusions 

Guidance 
NEI 03-08 

implementation 
category 

Report 
section 

The utility shall prepare, maintain, and execute a surface condition 
assessment and improvement process as part of its program for DMW 
examinations. 

Needed 3.6 

The utility should prepare a detailed bid specification addressing 
expected examination scope, projected scope expansions, and 
anticipated necessary site-specific demonstrations, with firm 
requirements regarding the qualification, training, and experience of 
qualified examination personnel and other key personnel, such as 
encoded system operators.  

Good Practice 3.1 

The utility should ensure that vendor personnel have received 
procedure training that addresses the examination scope, the specific 
NDE procedures, equipment, and software (if applicable) that are to be 
used.  

Good Practice 3.3 

For encoded examinations, the utility should have available for use a 
copy of the data analysis software, and one or more utility personnel 
should be trained in the operation of the data analysis software to 
perform independent data review, as needed. 

Good Practice 3.3 

Utility personnel should have a thorough understanding of the 
examination procedures, both for preparation for the DMW 
examinations and for oversight during the examination process. 

Good Practice 3.4 

The utility should ensure that vendors have available all of the proper, 
qualified equipment for the examination scope. When access and 
configuration permit, an encoded examination should be performed.  

Good Practice 3.5 

During the prejob briefing, the utility should discuss the verification of 
surface condition and encourage prompt reporting of any examination 
limitations or concerns held by the examiner after the examination. The 
utility should work with the vendor to address the concerns in a timely 
manner and support the vendor fully when the vendor requires rescans 
of a component. 

Good Practice 3.8.3 
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• Vendor actions: 

– Prepare ultrasonic examination procedures using the PDI generic procedures as a 
template. Ensure that the procedures are clear, concise, and specific. Train personnel on 
procedure compliance, and ensure that the procedures are readily at hand during 
preparation for and execution of the examinations. 

– Ensure that the content of annual ASME Section XI, Appendix VII training addresses 
potential error points as indicated by industry OE. 

– Perform a detailed readiness review in advance of the outage. Utility involvement in this 
review is highly recommended. 

– Consider industry OE in evaluating examination data. Detailed guidance is available for 
evaluation of encoded data. The prompt determination of the acceptable quality of the 
data and ordering rescans, as needed, is of particular importance. 

• Collaboration between the utility and the vendor: 

– Begin to collaborate as early as possible. 

– Maintain a clear mutual understanding of the work scope and of potential scope 
expansions. Ensure that all qualified equipment, procedures, and personnel necessary to 
complete the work scope will be available onsite. 

It is within the plant owner’s discretion to apply the good practice recommendations in this 
document for other components requiring an Appendix VIII qualified examination.  
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