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BACKGROUND 
A single pass inspection is the ability to fulfill the inspection requirements for a tube by inspecting a 
tube only once and using multiple, independent, complimentary techniques to analyze the data in a 
single pass. This requires a single pass probe and automated single pass analysis software to analyze 
the data which is complex in nature. True single pass inspections have only recently occurred and are 
still in their infancy. Advancements in probe technology and software algorithms alongside the 
evolution of analysis processes now makes single pass inspections a reality.   

Probe technology began with the simple bobbin probe which is fast but has low resolution.  
Later motorized rotating coil designs emerged which have excellent resolution capabilities but the 
inspection time is very slow. In the late 1990’s and early 2000’s probe and instrument technologies 
advanced to the point where array probes could be economically manufactured and practically 
applied. The array probe has the speed benefits of the bobbin probe and the resolution of the rotating 
probe.   

Analysis of the resulting inspection data began by using a single party to review the inspection 
results. Soon afterward, it became apparent that data review redundancy was needed due to various 
human performance issues. Dual party analysis consisting of separate primary and secondary teams 
followed by a resolution analysis process to compare the two sets of results became the norm. The 
resolution process evolved into having multiple pass resolution processes involving independent 
QDA’s (Qualified Data Analyst) and other specialized analyst roles. The manual review analysis 
burden is large which is resource intensive and time consuming. 

To lessen some of this burden and to mitigate human performance issues, auto analysis software 
was developed starting with rudimentary versions in the late 1980’s. These early tools were developed 
into true computerized data screening software which evolved through the 1990’s and 2000’s. The 
screening software was just that – data screening to point out potential signals of interest for the 
human analysts to disposition. The screening software did not “analyze” the data and make the final 
call.  Significant advancements in signal processing and raw processing power of computers along 
with advanced algorithms allowed for software to be developed which can detect, extract, measure, 
and classify signals thus analyzing the data and making a final call without human influence.   
 
 
SINGLE PASS PROBES 
The general inspection workhorse for the evaluation of steam generator tubing is still the bobbin 
probe.  This probe gives fast and accurate results for the detection of volumetric and axially oriented 
flaw types.  Other types of probes such as the X-Probe or motorized rotating probe coil designs (ex. 
MRPC®) provide further characterization of the signals as well as detection of flaws in the 
circumferential flaw plane.The combination X-Probe is an example of a single pass probe which 
incorporates array coils and bobbin coils in a single probe. This probe can record data at typical 
bobbin probes speeds (1 meter/sec) but has the data resolution comparable to slower (10.2mm/sec) 
rotating probes.  Because the probe contains both array and bobbin coils, dual and independent 
techniques can be used. This allows for a tube to be inspected only once hence the single pass probe 
concept is realized. The typical application of single pass probes is that the bobbin data is analyzed to 
satisfy the base bobbin scope requirements. Then any bobbin signals that need further characterization 
or other pre-defined special interest exams are analyzed from the array data. If a single pass probe is 
not used then the tube would have to be inspected again with a rotating coil exam at very slow speeds.   
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THE NEED FOR AUTOMATION  
To take advantage of the all of the capabilities of the single pass probe in an efficient manner, 
automated analysis software must be employed. Also there are challenges in using a single pass probe 
that only automated analysis software can overcome. 
 
Data Density 
The array portion of the probe generates much more data than rotating probes. This data consists of 
sometimes hundreds of individual channels and the data itself is complex in nature. This presents 
some challenges: 

1. The volume of data is typically too time consuming to analyze by manual analysis. 
2. The size of the data files is quite large making it challenging to transfer the data remotely 

between analysis parties. 
 
Human Performance Variability  
As mentioned, the manual analysis process consists of two party production analysis followed by a 
multiple pass resolution processes. This analysis redundancy and extensive multiple review process is 
to account for human performance variability in order to achieve consistent and accurate final results.  
Even with all of these layers there are numerous examples of inconsistencies based upon human 
subjectivity.  In regards to array data analysis, because of the volume of data these additional human 
performance factors come into play: 

1. Loss of focus:  Humans can focus on a small single area at any moment. Because of the 
volume of data with the array, manual analysis can miss signals of interest. 

2. Attention to detail:  Manual analysis of array data is very time consuming. Often there are 
schedule pressures and pressure to keep pace with the acquisition team. This can lead to steps 
being missed and other analysis methods being overlooked. 

3. Lack of consistency: Array data analysis is relatively new and often analysts are not familiar 
with the data. Some apply the same criteria they would use for bobbin or rotating probes and 
others do not. This unfamiliarity has resulted in misclassification of signals from steam 
generator to steam generator and even outage to outage at a particular steam generator. The 
problem is that these signals are now part of the history for the steam generator. 

4. Complacency:  Manually analyzing thousands of tubes collected with complex array data for 
12 hours a day for 72 hours a week can cause the manual analyst to fatigue which can result 
in complacent behaviors. 

 
Probe Costs 
Single pass probes typically cost more than bobbin and rotating probes.  To make them economical to 
be used for an inspection, it had to be demonstrated that they can be used efficiently to reduce the 
time of the inspection and yield results that provided more accurate answers than from bobbin probes.   
 
 
SINGLE PASS AUTOMATED ANALYSIS SOFTWARE 
To solve the challenges presented by the single pass probe and to mitigate human performance 
variability, Zetec developed single pass automated analysis software called RevospECT®.  
RevospECT® uses multiple, independent, and complimentary methods to analyze bobbin, MRPC®, 
and array data. In a later section a general overview of the process flow will be described. One of the 
key benefits of the software is its ability to auto analyze both the array and bobbin data of a single 
pass probe simultaneously and compare the results from each to come to a final answer or result of a 
signal of interest. The methodology of comparing the results from two different and independent 
probe types simultaneously provides for more reliable and accurate inspection results. Flaws can be 
better characterized when looking at both sets of data.   

Consider a three contact broached tube support plate with wear at two of the three contact 
points in the same axial location. The bobbin probe would detect the wear signal but, due to its design, 
it will average both signals into one combined signal with a conservative depth estimate.   
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The high resolution of the X-Probe data would yield two distinct wear signals that can be 

individually sized which gives a more accurate depth of both indications. This type of analysis would 
prevent tubes from being removed from service unnecessarily due to the conservative nature of the 
bobbin probe analysis. 
 

                          
 

Figure 1 Bobbin data (left) showing only one wear indication compared with X-Probe data (right) 
showing two distinct wear indications 

 
Likewise an indication at a support structure reported by the bobbin probe will only give the 

volume of the flaw and not the origination type. A wear signal and ODSCC could appear similar to 
the bobbin coil where the X-Probe would be able to distinguish the difference and complement the 
bobbin reporting of the flaw. The X-Probe will also be able to discern whether the indication is at the 
structure contact point or in the non-contact area, indicative of loose part wear vs. land contact wear.  
These responses can also be automated and a final decision made within the automated analysis 
software as the tube is analyzed. There may be no need for further inspections of the degradation site 
when a combination probe is utilized.   

Indications in the freespan can also benefit from dual and complementary techniques. Wear 
marks from tube buffing or from tube-tube contact can be easily detected with the bobbin probe, 
however if multiple scars are adjacent to each other, the depth sizing will be conservative and may 
result in tube plugging unnecessarily. The X-Probe results will quickly show the proper results where 
multiple indications occur in the same axial plane. 

At times bobbin signals can be difficult to discern and the decision to call a signal a flaw varies 
from analyst to analyst and can be a subjective opinion based on experience. The following figure 
shows a bobbin signal which was called in history as a wear signal but the X-Probe does not provide a 
corresponding confirmation. RevospECT® analyzes both sets of data and compares the historical calls.  
Depending on the criteria, RevospECT® can take these questionable historical calls and now 
downgrade them if so desired. 
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Figure 2 Bobbin data (left) with a questionable historical call and the X-Probe data (right) showing no 

confirmation 
 

There are at times where the bobbin data may not have the resolution capabilities to detect small 
flaws in the presence of larger tube support plate structures. The following figure shows an example 
of a small wear signal in the middle of the tube support plate.  In the bobbin data, the influence of the 
tube support plate, even in the mix, makes it nearly impossible to discern the small wear indication.  
The high resolution capabilities of the X-Probe allows for this small wear signal to be easily detected 
and classified. 

                                             
 
Figure 3 Bobbin data (left) showing no wear indications and the X-Probe data (right) showing a 

small wear indication in the middle of the tube support plate structure 
 

In the United States, there is large effort to detect foreign materials or loose parts in the steam 
generator. Traditionally the bobbin probe has been used to detect loose parts but its detection 
capabilities are limited to larger loose parts that were contacting or in very close proximity to the tube 
and some distance from a structure. Also depending on the sludge conditions in the steam generator, it 
is difficult to discern loose parts from sludge deposits. The X-Probe now is widely used for loose part 
detection and there are numerous examples of array detected loose parts without corresponding 
bobbin detection. These array detected loose parts are then confirmed by FOSAR or other similar 
visual examinations.  The following figure shows and example of a loose part detected by the X-Probe 
that is not detected by bobbin. 
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Figure 4 Bobbin data (right) showing no loose part being detected and the X-Probe data (right) 

clearly showing the loose part 
 

REVOSPECT® PROCESS FLOW 
RevospECT®’s single pass analysis configuration is done before the inspection and consists of many 
detailed sub-configurations including: 

1. Channel aliases  
2. Locales 
3. Analyzers 
4. Map analyzers to locales 
5. Input historical data 
6. Historical Data Comparison configuration 

Once the configuration is complete, it is locked for editing and revision controlled.   
Analyzers contain two components:  “detectors” and “classifiers”. Detectors use a variety of 

methods to detect and then extract the signals of interest.  In a given configuration multiple (limited 
only by processing speed) detectors can be configured.  Multiple detection modes are available based 
on a variety of unique algorithms. These detectors can be independent or combined with other 
detectors. Classifiers then take the detected signals of interest and measures, discriminates, and 
applies reporting codes to the signal according to specific criteria. There can be multiple classification 
rules and multiple test conditions. Single or multiple channels can be applied to classifiers and 
classifiers can also be independent or combined with other classifiers. Relationship rules are created 
to assign specific detectors and classifiers to regions of interest or “locales” such as freespan areas or 
support locations. Detector and classifier sets can be assigned to multiple locales at various levels of 
detail. The following figure is an example of the relationship rules of analyzers to locales. 
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Figure 5 Analyzer to ROI mapping 

 
 
 
Once the signals are classified, the process flows into the “Final Acceptance” portion of 

RevospECT®. Final Acceptance uses proprietary algorithms to perform the following functions: 
1. Comparison analysis of the bobbin and array data 
2. Historical comparison 
3. Overlap resolution: Determining correct calls to report based on historical calls and/or 

preferred technique or configured methods 
4. Uses information from noise analyzers to measure confidence level with the local signal to 

noise ratio 
5. Merging multiple calls 
6. Flaw ambient noise measurements 
7. Perform resolution decision making processes 

 
From all of these functions, each signal of interest is dispositioned and a final result is produced. The 
details of these functions and how they all work with each other minimize false positive calls. The 
following figure is an example single pass flow chart that Final Acceptance can use to properly 
disposition bobbin and array data collected simultaneously with a single pass probe. 
 

 
 

Figure 6 Single pass flowchart used by Final Acceptance 
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PRACTICAL APPLICATION  
The single pass methodology of using a single pass probe married with single pass automated analysis 
software has been used for inspections since 2010. The Prairie Island Unit 1 steam generator 
inspection in November 2012 is an example of how the array and bobbin were simultaneously 
analyzed and compared to reach a final answer.  This unit contains two Framatome Model 5619 steam 
generators with 4868 Inconel 690TT tubes. The tube dimensions are 19.05 mm OD by 1.09 mm wall 
thickness. The steam generators were installed in 2004 with mechanical wear at the AVB’s and tube 
support plate structures being the only active damage mechanism.  Loose parts are a concern as well.   
 
Inspection Overview 
In previous inspections 100% full length examinations of the tubes were performed with the bobbin 
probe. Select tubes were then re-inspected using MRPC® based on bobbin signals of interest that 
needed further characterization.  For this inspection, row 8 and above were tested full length with the 
X-Probe. For rows 7 and below, the X-Probe was used to test the straight section of the tubes and the 
bobbin probe was used to test the u-bends.  MRPC® was used for 56 tests as a “technology bridge” to 
demonstrate that the X-Probe had correctly identified all indications. The array data was to be used in 
lieu of MRPC® for all special interest exams and the bobbin and array data would be analyzed 
simultaneously with RevospECT® for the final coding of a signal. The array and bobbin techniques 
are considered independent therefore justification could be made that the analysis could be made in a 
single pass.      

The inspection finished ahead of schedule and fewer probes were used compared to previous 
inspections. The results of the data showed that the array results were comparable to MRPC® and 
provided more accurate results as compared to using just the bobbin probe. The loose part 
detectability of the X-Probe, as compared to the bobbin probe, was better than expected.  In one steam 
generator, the X-Probe provided 21 indications of loose parts and 18 of these were confirmed with 
FOSAR. The bobbin probe only provided 1 of these 21 indications. 

 
INSPECTION ECONOMICS 
This single pass methodology had a significant positive impact of the inspection economics to the 
utility. There was a 30% reduction in the number of probes that were used. A total of 12 X-Probes 
were used to inspect both steam generators. There was a significant decrease in the required trips to 
the high radiation area to change probes. This was due in part to less probes being used but also due to 
the fact that less probe changes were performed because there was not a need to switch between 
bobbin and MRPC® probes as with previous inspections. Every trip to the high radiation area requires 
a person to change into expensive contamination protection clothing. These trips also cause downtime 
for the inspection and increases personnel radiation dose. The reduction in trips to the high radiation 
area resulted in a 50% reduction in radioactive waste (probe and protective clothing), and an 18% 
reduction in personnel dose exposure. The use of RevospECT® and using the single pass analysis 
model reduced staffing costs by 50%. This accounts for the physical people used for the inspection 
but also the administrative costs (badging, travel, etc.) associated for these resources.  In all, the 
inspection schedule was reduced by 16% using this single pass inspection methodology.   
 
CONCLUSION  
Single pass probes married with single pass automated software has demonstrated how to improve the 
quality and economics of a steam generators inspection. Analyzing both the array and bobbin data 
simultaneously better characterizes the signals of interest and provides a more accurate final answer.  
This model reduces human performance variability and ensures consistent results.   

The nuclear industry is facing challenges from competitive alternate resources. There is a strong 
push in keeping nuclear energy an economically viable option.  Inspection accuracy and economics 
for a nuclear power plant plays a large part into the financial health of plant. Using the single pass 
model has demonstrated how inspection economic factors such as radioactive waste, radiation 
exposure, staffing, probes, and schedule can all be reduced. 
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