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Abstract. The U.S. Nuclear Regulatory Commission has established the Program to Assess the Reliability of 
Emerging Nondestructive Techniques (PARENT) as a follow-on to the international cooperative Program for the 
Inspection of Nickel Alloy Components (PINC). The goal of PINC was to evaluate the capabilities of various 
nondestructive evaluation (NDE) techniques to detect and characterize surface-breaking primary water stress 
corrosion cracks in dissimilar-metal welds (DMW) in bottom-mounted instrumentation (BMI) penetrations and 
small-bore (≈400-mm diameter) piping components. A series of international blind round-robin tests were 
conducted by commercial and university inspection teams. Results from these tests showed that a combination of 
conventional and phased-array ultrasound techniques provided the highest performance for flaw detection and 
depth sizing in dissimilar metal piping welds. The effective detection of flaws in BMIs by eddy current and 
ultrasound shows that it may be possible to reliably inspect these components in the field. The goal of PARENT 
is to continue the work begun in PINC and apply the lessons learned to a series of open and blind international 
round-robin tests that will be conducted on a new set of piping components including large-bore (≈900-mm 
diameter) DMWs, small-bore DMWs, and BMIs. Open round-robin testing will engage universities and industry 
worldwide to investigate the reliability of emerging NDE techniques to detect and accurately size flaws having a 
wide range of lengths, depths, orientations, and locations. Blind round-robin testing will invite testing 
organizations worldwide, whose inspectors and procedures are certified by the standards for the nuclear industry 
in their respective countries, to investigate the ability of established NDE techniques to detect and size flaws 
whose characteristics range from easy to very difficult to detect and size. This paper presents highlights of PINC 
and reports on the plans and progress for PARENT round-robin tests.  

1. Introduction 

Worldwide, nuclear power plants have used nickel weld alloys (600, 182, 82) to facilitate welds of 
stainless steel cooling line pipes and instrumentation components to the carbon steel vessels. It is 
known that these dissimilar-metal nickel-alloy weld joints are susceptible to stress corrosion cracking 
(SCC), a phenomenon which initiates at the weld/coolant-water interface. This cracking in dissimilar-
metal welds (DMWs) has been referred to as primary water stress corrosion cracking (PWSCC) and 
interdendritic stress corrosion cracking (IDSCC). PWSCC cracks are very tight and they exhibit 
complex branching. This morphology combined with the complex weld/component configurations and 
materials and geometries can make it challenging to achieve reliable detection and sizing by 
nondestructive evaluation (NDE) methods. PWSCC has occurred in nuclear power plants (NPPs) 
throughout the world and is a serious issue in regards to the safe and reliable operation of NPPs. SCC 
has previously resulted in leaks in the primary circuit pressure boundary and caused coolant leakage in 
several DMWs [1-5], control rod drive mechanism (CRDM) nozzle penetration weldments [6, 7], and 
bottom-mounted instrumentation (BMI) nozzle penetration weldments [8].  
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In 2004, the U.S. Nuclear Regulatory Commission (NRC) established PINC (Program for the 
Inspection of Nickel Alloy Components), an international cooperative research program with 
organizations in Finland, Japan, Republic of Korea, Sweden, and the United States. The objective of 
the research was to: (1) review PWSCC information provided by the international participants to 
develop an enhanced collective understanding of PWSCC morphology and (2) perform a series of 
international blind round-robin NDE tests on specimens (small bore pipe DMW – SBDMW, BMI 
nozzles – BMI) containing simulated PWSCC to facilitate quantitative assessments of the detection 
and sizing performance capabilities of NDE techniques. The results of the PINC program with respect 
to probability of detection of the NDE techniques have been published [9] and are highlighted in this 
paper. The final report for PINC is available on the NRC website (www.nrc.gov) as NUREG/CR-7019 
[10]. 

To date, the NRC has granted seventy-one 20-year license extensions. In the United States, it is 
expected that beginning in 2015 nuclear power utilities will apply for licenses to extend plant 
operation to 80 years. Similarly, pressurized water reactor plant life extensions are anticipated to occur 
worldwide. As PWSCC has a long incubation period (decades) and a relatively rapid growth phase 
(one or more refueling cycles), it is anticipated that nickel-alloy DMWs that have not shown PWSCC 
in the first 40 years of operation may experience it during the next 40 years. PINC showed the 
effectiveness of bringing international resources together to address a global problem and it shed a 
comparative light on how well NDE techniques can detect and size PWSCC in SBDMWs and BMIs. 
In February 2012, the NRC executed agreements with organizations in Finland, Japan, Republic of 
Korea, Sweden, Switzerland, and the United States to establish a follow-on program to PINC called 
PARENT (Program to Assess the Reliability of Emerging Nondestructive Techniques). PARENT will 
conduct a series of round-robin tests on SBDMWs, BMIs, and large bore pipe DMWs (LBDMWs). 
The program testing will include two main parts. 

(1) Blind Round-Robin Testing (RRT) 

The objective of the blind testing is to evaluate the latest commercially used NDE inspection 
techniques to determine which are the most effective for reliably detecting and accurately sizing 
PWSCC in SBDMWs, LBDMWs, and BMIs. Only qualified inspectors and qualified 
procedures will be employed. 

(2) Open Round-Robin Testing (RRT) 

The objective of the open testing is to evaluate novel and emerging NDE inspection techniques 
to determine which ones show the most promise for inspecting SBDMWs, LBDMWs, and 
BMIs. The tests are designed to learn how a variety of advanced techniques being developed by 
universities and new techniques being developed by industry respond to realistically simulated 
PWSCC in components that have realistic geometries. 

In addition to reviewing the highlights of PINC mentioned above, this paper provides an overview of 
PARENT—selected test blocks for open and blind RRT, planned NDE techniques for open and blind 
RRT, the test protocol, the schedule for open and blind RRT, and comments on how the results of 
PARENT will be used by the NRC. 

2. PINC: Overview 

What follows are highlights of a publication about PINC [9], which focuses on the probability of 
detection portion of the PINC round-robin testing analysis reported in NUREG/CR-7019 [10]. A 
portion of PINC results are highlighted here because they provide an example of how an analysis of 
round-robin test data can help to quantify and compare the ability of NDE techniques to detect 
PWSCC; providing valuable insights for researchers, regulators, and NDE industry. They also serve as 
an important reference point that the PARENT can build upon as will be apparent in the section about 
PARENT. PINC round-robin testing was conducted blind on 22 test blocks; 8 SBDMWs (≈400-mm 
diameter), and 14 BMIs. The SBDMWs contained 25 flaws; 6 laboratory-grown SCC, and 19 weld 
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solidification cracks (WSC). The BMIs contained 30 flaws; 15 WSC, 4 SCC, 4 pre-cracked coupons 
implanted during test block construction (I-FAT), and 3 in-situ grown thermal fatigue cracks (T-FAT). 

2.1. PINC round-robin test results for dissimilar metal piping welds 

The SBDMW test blocks were examined by 16 teams. Table I shows how these teams were 
categorized into six procedures comprised of either a single NDE technique or a combination of two 
NDE techniques. Ultrasonic inspections were carried out at the surface of the pipe outer diameter 
(OD). Eddy current inspections were made from the surface of the pipe inner diameter (ID). Potential 
drop measurements were made from both the ID and OD. The table shows the probability of detection 
(POD) and the false call probability (the probability of detecting a flaw when one is not present) for 
three flaw depths. 

Figure 1 provides a graphical representation of the round-robin test data for the six procedures used. 
The black lines represent a statistical regression of the data and the red lines are the upper and lower 
95% confidence boundaries. This figure shows what a large impact examination technique has on the 
probability of detection. Eddy current and potential drop were the highest and lowest performing 
techniques, respectively. Using conventional ultrasound and phased-array ultrasound alone gave 
similar results (lower POD than eddy current), but together they appear to be an effective combination. 
A similar analysis is planned for the RRT of PARENT blind SBDMWs and LBDMWs. 

2.2. PINC round-robin test results for BMIs 

The surface of the J-groove weld of the BMI test blocks were examined by seven teams. Table II 
shows how these teams were categorized into three procedures. The two teams that conducted the 
potential drop testing used the closely coupled probe potential drop (CCPPD) and the induced-current 
potential drop (ICPD) methods. The BMI round-robin test data was analyzed in the same way as the 
SBDMW data.  

Figure 2 shows the regression results as the black line and the 95% confidence boundaries are red. The 
highest performance was achieved by the cross-coil eddy current examinations, with the 400-kHz 
probe outperforming the 300-kHz probe. The adaptive phased-array UT probe had a high POD and 
showed promise as a volumetric technique for both detecting and sizing PWSCC in BMIs. The array 
eddy current and potential drop methods did not perform as well as the higher frequency eddy current 
or the phased-array methods. A similar analysis is planned for the RRT of PARENT blind BMIs. 

Table I. Probability of detection summary for procedures in small bore DMW test blocks 

Procedure 
# of 

Teams 

POD for Flaw Depths of False Call 
Probability 

ID/OD 
5 mm 10 mm 15 mm 

Eddy Current 3 0.88 1.00 1.00 0.17 ID 
Conventional UT and Phased Array UT 1 0.62 0.94 0.99 0.14 OD 
Conventional UT 5 0.36 0.51 0.67 0.23 OD 
Phased Array UT 3 0.36 0.51 0.66 0.24 OD 
Conventional UT and TOFD 1 0.44 0.53 0.61 0.35 OD 
Potential Drop 3 0.29 0.33 0.38 0.25 Both 
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FIG 1. Probability of detection results for small bore dissimilar metal weld test blocks. 

 
Table II. Procedures and team summary for BMI test blocks 

Procedure # of Teams 

Eddy Current (ECT) 4 
Phased Array UT 1 
Potential Drop 2 

3. PARENT 

The valuable information learned from PINC about the relative capabilities of NDE techniques and 
procedures to detect and size (length and depth) PWSCC in SBDMWs and BMIs spurred international 
interest in continuing this work in a follow-on program, PARENT. In the first quarter of 2010, PINC 
participants were surveyed to determine which of 22 reactor components (or variants of) in question 
ranked highest in terms of interest for continued research. The top three candidates in order were 
(1) BMIs J-groove weld, (2) LBDMWs, and (3) SBDMWs. The survey also solicited ideas about ways 
to apply lessons learned in PINC to enhance the PARENT research.  
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FIG. 2. Probability of detection results for J-groove weld flaws in BMI test blocks. 

 
A key idea that came from the survey that set the foundation for PARENT was to have both blind and 
open testing because the blind testing approach puts restrictions on teams using experimental NDE 
techniques, which hinder their ability to maximally demonstrate the technique’s strengths and 
weaknesses. The objective of the blind testing is to evaluate the latest commercially used NDE 
inspection techniques to determine which are the most effective for detecting and sizing PWSCC, with 
the requirement that only qualified inspectors and procedures are used. The objective of the open 
testing is to evaluate novel and emerging NDE inspection techniques being developed by universities 
and industry to determine which ones show the most promise with regard to responses to (signal/noise, 
etc.) and sizing of realistically simulated PWSCC (especially small flaws) in components that have 
realistic geometries. 

At the PARENT-1 meeting held in June 2010, participants proposed SBDMW, LBDMW, and BMI 
test blocks for use in PARENT round-robin tests. Work continued to set the foundation for PARENT 
round-robin tests during 2010 (PARENT-2 meeting) and 2011 (PARENT-3 and PARENT-4 
meetings). During these meetings, the proposed test blocks and their flaws were analyzed and a down 
selection was made to arrive at an optimal set. PARENT participants established contracts to engage 
testing teams in open and blind round-robin tests. A testing protocol and international testing and 
shipping schedules were developed. Blind testing began in 2011 and open testing began in early 2012. 
The following is an overview of test blocks, test teams, NDE techniques, test protocol, and test 
schedule that will be employed in the open and blind round-robin testing. 

3.1. PARENT open round-robin test blocks and teams 

For PARENT open round-robin testing, 22 teams will apply 11 unique NDE techniques to 18 test 
blocks; 4 BMIs (8 teams), 10 SBDMWs (≈400-mm diameter, 30–40-mm thick walls/welds, 19 teams), 
and 4 LBDMWs (≈900-mm diameter, 85–90-mm thick walls/welds, 4 teams). Table III lists these test 
blocks and provides details about the flaws each block contains. In each of the three categories of test 
blocks, there are a variety of flaws types offering a wide range of flaw characteristics. Table IV lists 
the NDE techniques that will be applied to each test block and the number of teams planning to use 
that technique. 
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Table III. Open test blocks for PARENT 

Test 
Block # 

Test Block 
Type 

# Flaws Flaw Types 
Flaw Length 
Range, mm 

Flaw Depth 
Range, mm 

P5 BMI 3 TFC 4–8 2–3 
P7 BMI 4 WSC 3–4 1–7 
P21, P22 BMI 4 EDM 4–20 0.5–10 
BMI Total Flaws 15    
P1 SBDMW 4 TFC 21–46 7–23 
P4 SBDMW 4 TF, Hipped EDM 51–70 7–14 
P28 SBDMW 1 SCC 35 12 
P29 SBDMW 1 SCC 35 10 
P30 SBDMW 1 TFC 35 18 
P31 SBDMW 1 SCC 35 4 
P32 SBDMW 1 SCC 35 15 
P38 SBDMW 1 SCC 35 5 
P41 SBDMW 12 EDM, WSC 6–50 2–26 
P42 SBDMW 1 EDM 35 10 
SBDMW Total Flaws 27    
P12 LBDMW 2 SCC, EDM 20–34 3–23 
P23 LBDMW 3 EDM 26–43 8–43 
P24 LBDMW 3 EDM 26–131 4–44 
P37 LBDMW 11 WSC, SI, LOB 6–50 1–28 
LBDMW Total Flaws 19    
EDM = Electronic Discharge Machined Notch SI = Slag Inclusion 
LOB = Lack of Bond TFC = Thermal Fatigue Crack 
SCC =  Laboratory Grown Stress Corrosion Crack WSC = Weld Solidification Crack 

 
Table IV. Open test techniques and teams for PARENT 

Test Block # NDE Techniques for Open Blocks 
# of 

Teams 

P5 PA, LRI, LUT, ECT 9 
P7 PA, LUT, ECT 9 
P21 LUT, ECT, MM 4 
P22 LUT, ECT 3 
P1 PA, SAFT, NLUT, SHUT, XRAY, UT, LUT, ECT, MM 16 
P4 PA, SHUT, LRI, XRAY, UT, LUT, ECT, MM 12 
P28, P30 PA, SAFT, NLUT, SHUT, XRAY, UT, LUT, NRU, ECT, MM 20 
P29 PA, SAFT, NLUT, SHUT, XRAY, UT, LUT, NRU, ECT, MM 21 
P31, P32 PA, SAFT, NLUT, SHUT, XRAY, UT, LUT, ECT, MM 19 
P38 PA, SAFT, XRAY, UT, ECT 12 
P41 PA, SAFT, NLUT, XRAY, UT, ECT, MM 13 
P42 PA, SAFT, XRAY, UT, ECT 9 
P12 PA, SAFT, NLUT, SHUT, ECT, MM 12 
P23, P24 PA, SAFT, MM 3 
P37 PA, SAFT, ECT 4 

ECT = Eddy Current PA = Phased Array UT 
LRI = Long Range Inspection UT SAFT = Synthetic Aperture Focusing 
LUT = Laser UT SHUT = Sub-harmonic UT 
MM = Microwave Microscopy UT = Conventional UT 
NLUT = Nonlinear UT XRAY = X-Ray 
NRU = Nonlinear Resonance UT 
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3.2. PARENT blind round-robin test blocks and teams 

For PARENT blind round-robin testing, 14 teams will apply 6 unique NDE techniques to 14 test 
blocks; 5 BMIs (7 teams), 2 SBDMWs (≈300-mm diameter, 30–40-mm thick walls/welds, 7 teams), 
6 LBDMWs (≈900-mm diameter, 68–80-mm thick walls/welds, 8 teams), and 1 weld overlay. Flaw 
types contained in these test blocks include EDM, LOB, SCC, and WSC, and mechanical fatigue (see 
Table III for definitions). Table V lists these test blocks. Not shown in this table are “reference 
reflectors” for each of the three categories of test blocks. Data taken on reference reflectors will 
provide for the possibility during data analysis to compare results between different test teams that 
have used the same NDE technique. Table VI lists the NDE techniques that will be applied to each test 
block and the number of teams planning to use that technique. 

Table V. Blind test blocks for PARENT 

Test Block # Test Block Type 

P6, P8, P9, P25, P26 BMI 
P35, P40 SBDMW 
P13, P15, P16, P17, P33, P45 LBDMW 
P27 Weld Overlay 

Table VI. Blind test techniques and teams for PARENT 

Test Block # NDE Techniques for Blind Blocks # of Teams 

P6, P8, P9 SAFT, TOFD, UT, ECT, LUT 12 
P25, P26 TOFD, UT, ECT, LUT 10 
P 13, P35, P40 PA, UT, ECT 10 
P15, P16, P17, P45 PA, UT, ECT 8 
P33 PA, UT, ECT 14 
P27 PA 2 
ECT = Eddy Current 
LUT = Laser UT 
PA = Phased Array UT 

SAFT = Synthetic Aperture Focusing Technique 
TOFD = Time of Flight Diffraction 
UT = Conventional UT 

3.3. PARENT round-robin test protocol 

The protocol for conducting open and blind round-robin testing was developed cooperatively by the 
test invigilators for Europe, Japan, Republic of Korea, and the United States. The protocol addresses a 
number of important aspects of testing including: (1) goals; (2) scope; (3) secrecy about blind test 
block flaws, test teams, test data, compliance requirements, and authorized personnel; (4) the 
requirements of written inspection procedures for open and blind tests; (5) definitions of coordinate 
systems and points of reference on test blocks to ensure uniform data reporting and unencumbered 
analysis; (6) scoring criteria for blind tests; and (7) reporting requirements and forms for test data and 
test results.  

3.4. PARENT round-robin test schedule 

Round-robin tests started in 2011 and are scheduled to be completed during the summer of 2014. 
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3.5. PARENT round-robin test results 

The results of this research will be documented in two NRC NUREG reports during 2015, one for 
open testing and another for blind testing. This research will provide the NRC with information that 
will aid their independent evaluations of in-service inspection programs of licensed nuclear energy 
utilities that make assessments of the integrity of components having DMWs in operating U.S. nuclear 
power plants. 
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