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EXECUTIVE SUMMARY 
This report summarizes the activities of the Program Integration Board (PIB) during the 
development of Version 2 of the Extremely Low Probability of Rupture computational code.  The 
PIB was designed as a small, internal, semi-independent, high-level review and advisory 
committee that was chartered to provide guidance and resolve issues associated with code 
development. The PIB was made up of representatives from the NRC and the nuclear industry.  
The principal objectives of the PIB were to provide the following: technical review and 
assessment, issue review and resolution, project management assessment, and external review 
support.  To satisfy these objectives, the PIB routinely participated in monthly management and 
technical meetings, critiqued other group meetings, provided both programmatic and technical 
review and advice, and conducted three special projects.  Significant contributions from the PIB 
included identifying the need for an independent project scheduler, developing the Alternative 
Professional View Resolution Guide, helping to identify and unify the proper treatment of 
uncertainties throughout the various project groups, providing recommendations for distribution 
and control of the source code, and providing recommendations to help ensure the long-term 
viability of the code.  
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1. MOTIVATION AND PURPOSE 

The Program Integration Board (PIB) was originally conceived as part of the pilot study used to 
develop the Extremely Low Probability of Rupture (xLPR) Version 1 (V1) code [1].  At that time, 
the PIB was comprised of 12 members:  the two co-chairs from each of the four technical work 
groups1, a management representative from both the NRC and industry, and an at-large member 
from both the NRC and industry.  For the xLPR V1 effort, the PIB was intended to provide general 
management, oversight, and direction to the project and the technical work groups, arbitrate the 
competing roles and perspectives of the work groups as project decisions were needed, and 
ensure effective communications within the project team.  

As a result of the lessons learned in xLPR V1 development, a restructuring and repurposing of 
the PIB was undertaken for the xLPR Version 2 (V2) development effort.  It was decided that a 
committee of twelve was unwieldy and inefficient for managing the day-to-day decision-making 
and coordination of communications among the work groups.  Therefore, the PIB was recast as 
a smaller, internal, semi-independent, high-level review and advisory committee with a broad 
mandate to provide oversight, guidance, and resolve issues associated with code development. 

2. OBJECTIVES 

The general objective of the PIB was to provide review, oversight, and independent advice related 
to development of xLPR V2.  The following specific objectives were developed with the intent to 
achieve this general objective. 

• technical review and assessment 
• issue review and resolution 
• project management assessment 
• external review support 

 
The following subsections describe each of these objectives in further detail. 

2.1 Technical Review and Assessment 

The PIB was charged to provide periodic reviews and assessments of the xLPR V2 code technical 
basis and provide feedback based on these assessments to the Code Development Group and 
the affected work group(s), as appropriate. 

2.2 Issue Review and Resolution 

The PIB was charged to develop resolutions to alternative professional views that could arise 
either within individual work groups or across work groups to help maintain the overall project 
objectives and schedule.  These alternate opinions could be associated with, for example, 
technical, organizational, or process issues.  It was intended that the PIB would only become 
involved in resolving alternate opinions if the affected work groups were unable to do so.  In such 
an event, the PIB’s role was threefold: 

1. review the bases for both the majority and alternate opinions,  

                                                 
1 In this document the term work group refers to the Computational, Input, Models, and Acceptance Criteria Groups 
as well as the various subgroups of the Models Group 
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2. assess the options and potential effects associated with the alternate opinions as identified 
by the work groups in accordance with the procedures in the Alternative Professional View 
Resolution Guide (xLPR-APVRG [2], see Section 6.1), and 

3. provide a recommendation as part of the resolution on whether to adopt the majority 
opinion, the alternate opinion, or other alternatives that may not originally have been 
considered. 
 

The recommendation in item 3 was to be provided to the Code Development Group Lead and 
other affected project team members. 

2.3 Project Management Assessment 

The PIB was also charged to review and assess the xLPR V2 management structure, processes, 
effectiveness, and efficiency.  These assessments were to address issues associated with, for 
example, scheduling, resource utilization, and communication among the various work groups.  
The PIB was also to provide feedback based on these assessments to the Code Development 
Group Lead and other work group leaders, as appropriate. 

2.4 External Review Support 

Finally, prior to reviews by external groups (i.e., External Review Board (ERB) and the U.S. 
Nuclear Regulatory Commission (NRC)’s Advisory Committee on Reactor Safeguards (ACRS), 
the PIB was charged with assisting the project team to prepare for these reviews by identifying 
key challenges and issues likely to be raised by the external review groups. 

3. MEMBERSHIP AND ORGANIZATION 

Consistent with the organization of the other work groups, the PIB consisted of a lead and a co-
lead, with both the industry and the NRC assigned one of these roles.  Mr. Dennis Weakland, 
Ironwood Consulting, LLC, representing industry under contract to the Electric Power Research 
Institute, Inc. (EPRI), was assigned as the PIB Lead.  Dr. Robert Tregoning, NRC was assigned 
as the PIB Co-Lead.   The initial PIB work group had the following three additional members:  (1) 
Mr. Bruce Bishop of Westinghouse (representing the industry under contract to EPRI), (2) Mr. 
Robert Hardies of the NRC, and Mr. Edmund (Ted) Sullivan of Pacific Northwest National 
Laboratory (representing NRC under contract to the NRC).  The initial membership of the PIB is 
summarized in Table 1. 

PIB Work Group Assignments (Initial) 

Role Name Organization 

Lead Dennis Weakland Ironwood Consulting, LLC 

Co-Lead Rob Tregoning U.S. NRC 

Member Ted Sullivan Pacific Northwest National 
Laboratory 

Member Bruce Bishop Westinghouse 

Member Robert Hardies U.S. NRC 

Table 1 – Initial PIB Membership 
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While Mr. Hardies was initially assigned as a PIB member, he did not actively participate in the 
PIB activities because his prominent role in the Acceptance Group prohibited him from 
shouldering additional PIB responsibilities.  During the project, Mr. Bishop retired from 
Westinghouse and started consulting with Phoenix Engineering Associates, Inc. (PEAI) in June 
2012.  Also, Mr. Sullivan participated in the PIB until September 2013 when he reduced his 
workload and resigned from the PIB.  In late 2013, Mr. Jay Collins of NRC was added to fill Mr. 
Sullivan’s position.  The final make-up of the PIB is summarized in Table 2. 

PIB Work Group Assignments (Final) 

Role Name Organization 

Lead Dennis Weakland Ironwood Consulting, LLC 

Co-Lead Rob Tregoning U.S. NRC 

Member Jay Collins U.S. NRC 

Member Bruce Bishop PEAI 

 
Table 2 – Final PIB Membership 

Mr. Weakland, as the PIB Lead, was ultimately responsible for organizing and implementing the 
PIB’s activities with Dr. Tregoning serving as his back-up.  However, each member functioned 
autonomously and provided independent review and recommendations on issues associated with 
the PIB’s objectives.  Final PIB recommendations and associated reports or other deliverables 
were developed through consensus.  It is worthy to note that consensus was typically readily 
achieved and there were no minority or dissenting opinions associated with any formal PIB 
recommendations or deliverables.  The PIB members also were given wide latitude to support 
technical groups consistent with both their experience and interest. 

4. ROLES AND RESPONSIBILITIES 

While the PIB was independent, it supported and interacted with all of the other work groups.  
Consistent with its objectives, the PIB reviewed and provided recommendations related to many 
significant technical deliverables emanating from these work groups, monitored the effectiveness 
of communications and issue resolution among these groups, and monitored the project’s overall 
efficiency and effectiveness.   The most visible PIB activity throughout the project was that of 
“observer,” with one or more PIB members joining nearly all project meetings at all levels to 
evaluate issue resolution and communications both within and between work groups.  As 
described in Section 5, a meeting observation form was created to capture observations and help 
identify issues and trends early so that feedback and resolution suggestions could be provided to 
the affected work groups. 

Technical oversight was exercised through active review and assessment of the xLPR V2 
technical basis documents with a special focus on each product’s content and its consistency and 
integration with the products from other work groups.  PIB members also reviewed documents to 
ensure that conservativisms were appropriately applied and that conservative assumptions were 
clearly identified. The vertical slice review discussed further in Section 6.2 was a special project 
designed to support this role.   
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The PIB also participated in the development of a formal protocol to resolve differing and minority 
technical opinions as discussed in Section 6.1.  This process was intended to ensure that a 
diverse set of technical opinions was considered and that those opinions which could not be 
properly resolved during technical basis development would be considered and documented.  

The PIB’s role in evaluating and helping to enhance the effectiveness of the project’s 
management was achieved by monitoring the project schedule, recognizing challenges and 
delays, and assisting in issue resolution to minimize the adverse impacts of any issues.  The PIB 
also assessed budgets and expenditures and reviewed the effectiveness of integration and 
interactions among the work groups.  The meeting observation form mentioned previously was 
helpful for conducting these reviews, especially early-on in the development process.  The PIB 
also reviewed the work plans for all the work groups to ensure that the objectives, scope, and 
schedules associated with their principal deliverables were appropriate to support the overall 
goals of the project. 

The roles discussed previously were focused on the PIB’s activities associated with the technical 
and programmatic aspects of xLPR V2 development and the associated collaboration and 
interaction among the principal technical work groups.  The PIB also formally collaborated with 
important supporting groups such as the Acceptance Group, the ERB, and the ACRS.  The PIB 
worked closely with the Acceptance Group. Initially, the PIB reviewed and assessed the planned 
applications and outputs of xLPR V2 to ensure that they were in alignment with the criteria being 
proposed by the Acceptance Group.  PIB members also reviewed and provided recommendations 
associated with the draft and final criteria developed by the Acceptance Group.  The PIB 
additionally supported the ACRS and ERB reviews by providing or evaluating, as appropriate, 
technical material for the presentations given to these review bodies as well as responding to 
recommendations stemming from the external reviews. 

5. ROUTINE ACTIVITIES 

Routine activities performed by the PIB are described in the following subsections.  

5.1 Participate in Monthly Meetings 

The PIB participated in the monthly team lead meetings.  These meetings were used to assess 
technical progress, receive direction from the NRC and EPRI program managers, coordinate 
upcoming meetings and deliverables, and promote consistent communication among the work 
groups.  The PIB also reported on its activities during these meetings.  These meetings were 
important in identifying current technical and programmatic challenges, and the PIB members 
routinely provided recommendations to help resolve these challenges.   

Several PIB members also actively participated in work group meetings.  Participation was 
voluntary, and the PIB members chose the work groups based on their technical expertise, 
interest, and availability.  The PIB member then effectively became a member of that work group.  
While such participation was not delineated in the PIB’s roles and responsibilities, several PIB 
members made important technical contributions that were ultimately critical in completing xLPR 
V2 and in achieving the project’s objectives.  PIB members that were active on a work group 
recused themselves from reviewing that work group’s products or otherwise evaluating the work 
group’s activities. 
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5.2 Critique other Group Meetings  

The PIB evaluated at least one of every work group’s meetings to assess the group’s 
effectiveness and the consistency among the different work groups.  The PIB developed a 
meeting observation form to document each critique.  Programmatically, these critiques assessed 
the work group’s structure and processes with a focus on the progress made toward achieving 
the group’s objectives, openness of discussions, integration with other work groups, and 
adherence with the project schedule.  The PIB’s critiques identified a systemic issue due to an 
initial lack of overall project and schedule coordination.  The critiques were also effective in 
determining when communications between specific work groups were needed to address issues 
and in helping to ensure that the project objectives were being met.  Specific examples of the 
programmatic successes achieved through these critiques are discussed in greater detail in 
Section 5.3. 

A particular technical focus of the PIB’s critiques was the consistent and complete treatment of 
conservatisms and uncertainties.  During meetings, the PIB members stressed the importance of 
the work groups clearly identifying, assessing, and documenting assumptions and uncertainties 
to allow both reviewers and future users to fully understand the implicit margins contained within 
the code.  It was evident that clear and rigorous treatment of uncertainties was needed to minimize 
redundant or unsupported margins from being applied to either intermediate model results or to 
the final code results.  Concerns about the completeness and consistency of the treatment of 
uncertainties by the work groups led to the PIB's vertical slice review project discussed in 
Section 6.2. 

5.3 Provide Programmatic Review and Advice 

The PIB’s programmatic advice was intended to help achieve project objectives efficiently and 
provide the project with an additional level of quality assurance.  Because the PIB members 
evaluated work group meetings and provided feedback to the program managers on the observed 
processes and interfaces, the impact was to promote accountability and encourage a questioning 
attitude from the work group members.  Ultimately, it was believed that this process helped the 
work groups deliver well-rounded, thoughtful products.  Specific examples of programmatic advice 
provided by the PIB and the impact of that advice follow. 

The PIB’s review of the Leak Rate Subgroup found that the effects of crack morphology and crack 
opening displacement (COD) from the COD Subgroup varied significantly over the range of 
predicted leak rates.  Crack morphology was important for tight cracks with small leak rates (i.e., 
less than or equal to 10 gpm) while COD was important for wide cracks with large leak rates (i.e., 
greater than or equal to 50 gpm). The PIB recommended that these two work groups coordinate 
to ensure that the leak rate was appropriately modeled across the full range of crack sizes.  As a 
result, both subgroups were able to address the concern and assure that the crack length for a 
given leak rate was modeled correctly.  This approach required the subgroups to discuss and 
assess the effects of their assumptions on other parts of the code. 

The PIB’s review of the work group meetings identified a lack of awareness of the 
interdependencies among the individual work groups’ task completion schedules and task 
prioritizations and how these interdependencies affected the overall project schedule and 
objectives.  The PIB recommended that a clear, resource-loaded, critical-path schedule needed 
to be developed and managed by an individual responsible for only the maintenance of this 
schedule to support the project goals.  As a result of this recommendation, an independent project 
scheduler was added to the project team to provide project management support. Further, each 
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monthly team lead meeting addressed the scheduled deliverables and identified resource needs 
and schedule impacts.  The independent project scheduler proved to be very effective and 
remained in place until all major xLPR V2 development tasks were complete. 

The motivation for developing xLPR V2 was to address the continued applicability of leak-before-
break in pressurized water reactor systems with dissimilar metal welds subject to primary water 
stress corrosion cracking (PWSCC) to satisfy the requirements of Title 10 of the Code of Federal 
Regulations, Part 50, Appendix A, General Design Criterion (GDC) 4.  It is recognized, however, 
that xLPR V2 also has many other potential technical applications, such as addressing other 
degradation mechanisms or failures in other systems.  These applications could be realized 
through a combination of additional technical basis documents, changes to existing input 
parameters, and code enhancements.  For xLPR V2, the PIB provided advice to identify and 
promote those code development activities that achieved the principal project objectives, while 
deferring those activities that would primarily support other potential applications to the future. 

5.4 Provide Technical Review and Advice 

A significant amount of technical review and advice was provided by the PIB members.  Typically, 
this input was provided via comments and suggested edits for consideration by the authors of 
various project documents. Significant PIB review was provided for the software quality assurance 
documents shown in Figure 1 for various models, such as PWSCC initiation, crack growth due to 
PWSCC and fatigue, crack coalescence, fatigue transient loading (as calculated in the TIFFANY 
module), and leak rate. Other key project documents that were reviewed by the PIB included 
those for PWSCC initiation calibration and for the framework acceptance software test results.  
Because of the PIB’s evaluation of the treatment of uncertainty (as further discussed in Section 
6.2), one PIB member was a co-author and another was a formal reviewer of the uncertainty 
report.  Finally, PIB members provided technical review of other summary reports and supported 
each of the ERB meetings. In some cases, the PIB supported these meetings by contributing 
technical presentations and providing responses to subsequent ERB questions. In other cases, 
the PIB reviewed presentations and responses to ERB questions and suggested changes for 
consideration. 
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Figure 1 – xLPR Software Quality Assurance Documents 

 

6. SPECIAL PROJECTS  

There were three special projects that the Code Development Group Lead requested the PIB to 
perform: 

1. create an alternative professional view resolution process 
2. conduct a vertical slice review of uncertainty treatment 
3. assess options for code maintenance and distribution 

 
The results of these special projects, which are fully documented in separate formal or informal 
project documents, are summarized in the following subsections.  

6.1 Alternative Professional View Resolution Process 

The PIB was requested to develop an alternative professional view resolution process with the 
Quality Assurance Administration Group. This special project resulted in the Alternative 
Professional View Resolution Guide (APVRG) [2] that was ultimately approved at the project level 
with broad applicability to the entire xLPR V2 project. An alternative professional view was defined 
as a differing perspective held by one or more individuals regarding a project technical decision 
that was perceived as likely to result in significantly adverse impacts on project outcomes. The 
APVRG established a process to encourage and facilitate dialogue and resolution of alternative 
professional views from the project team members for issues affecting the technical direction or 
the implementation strategies for the project. The process was not intended to circumvent the 
resolution of technical disagreements within work groups, but rather to provide a process for 
addressing any disagreements that could not be adequately resolved at the work group level.  
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The PIB, Quality Assurance Administration Group, and other project leads all recognized that it 
takes courage to part from the prevailing opinion and raise an issue, and were jointly committed 
to ensuring that alternative professional views could be raised without fear of retaliation and could 
be resolved in a timely and effective manner.  

Any project team member that had knowledge of a significant technical issue that could strongly 
affect the accuracy or reliability of the xLPR V2 code was expected to raise the issue within the 
relevant work group to ensure that it was properly considered in a timely manner. Within the xLPR 
V2 project structure, work group decisions were made through a majority vote process as 
documented in the work group minutes. However, this process was not intended to ensure that 
all decisions were unanimous or that alternative professional views did not exist. Therefore, if the 
normal process of vigorous, professional, technical debate and consensus decision-making did 
not provide satisfactory resolution to the fundamental concerns held by one or more team 
members that were perceived to significantly impact project outcomes, the process in the APVRG 
[2] specified the documentation, review, and resolution of such alternate views.  This process 
would have been necessary to avoid work delays or stoppages to resolve concerns over an 
alternative professional view.  Fortunately, the need to use this process never arose during 
development of xLPR V2.  

6.2  Vertical Slice Review of Uncertainty Treatment 

The objective of the PIB vertical slice review (VSR) on the treatment of uncertainties was to 
provide an evaluation of the treatment and documentation of input, model parameter, and 
modeling uncertainties and the characterization of these uncertainties as either aleatory or 
epistemic by each work group.  Modeling uncertainty was defined as how well the model (i.e., the 
equations, calculation approach, and solution method) represented reality.  Epistemic 
uncertainties were defined as systematic and potentially reducible with additional data, while 
aleatory uncertainties were random and effectively irreducible.  The PIB’s evaluation of each work 
group’s treatment of uncertainties addressed the following four areas:  

1. how consistent and well documented was the process for assigning uncertainties (i.e., 
their bases),  

2. how the characterizations of identified uncertainties were consistently assigned (i.e., the 
process and bases),  

3. how the model uncertainties (i.e., the uncertainty, both aleatory and epistemic, of the 
model’s representation of the actual configuration or stress situation within a pressurized 
water reactor were qualitatively or quantitatively addressed, and  

4. how biases resulting from assumptions and assigning uncertainties for the input values, 
model parameters, and models were identified. 
 

Questions were developed by the PIB to satisfy the objectives of the VSR and were provided to 
the various work groups for their responses.  The PIB provided example responses to some of 
the questions to assist in the elicitation process.  The initial responses received varied significantly 
across the work groups. For example, the most detailed VSR response was 22 pages, while the 
least detailed was only 2 pages. Because of the disparity in the detail and quality of the VSR 
responses, the PIB recommended that the requested information on uncertainty and bias be 
included in appropriate chapters of the forthcoming xLPR V2 Uncertainty Report. The PIB also 
provided an example of the recommended scope and structure of information to be included in 
the report chapter on COD, which was one of the responses provided to the PIB.   Some of the 
VSR response information was also used by the model developers as input to the respective 
module validation reports. 
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6.3 Options for Code Maintenance and Distribution 

The PIB was also requested to assess options for code maintenance and distribution and make 
a recommendation as to whether the source code should be publicly released.  For the purposes 
of the assessment, source code was defined as all the code developed by the project team 
necessary to run user-defined problems using xLPR V2.  This included code developed for all the 
modules contained within xLPR V2 and the code used in the pre- and post-processing routines 
that are part of the Framework.  

The PIB unanimously recommended that the xLPR V2 source code be publicly released, along 
with the executable, using standard NRC procedures when the code was complete and satisfied 
all of the project’s quality assurance requirements.  This recommendation was based on 
established NRC policy and practices associated with computer code distribution and the PIB’s 
belief that the advantages associated with releasing the source code far outweighed the potential 
disadvantages.  Furthermore, it appeared possible to mitigate most of the issues associated with 
these potential disadvantages.  It was recommended that the proposed mitigation steps and other 
follow-on actions identified by the PIB be addressed before the source code was released to the 
public. 

7. SUMMARY 

The PIB achieved its objectives for xLPR V2 as listed in Section 2. The PIB structure, roles, and 
responsibilities were effective in achieving these objectives and enabled it to play a fundamental 
role in the development of xLPR V2. Significant contributions, included: identifying the need for 
an independent project scheduler (Section 5.3), developing the APVRG [2] (Section 6.1), 
conducting a vertical slice review on the treatment of uncertainties, identifying best practices for 
inclusion in the forthcoming uncertainty report (Section 6.2), and providing recommendations for 
distribution and control of the xLPR V2 source code (Section 6.3). 

8. RECOMMENDATIONS FOR LONG-TERM VIABILITY 

xPLR V2 is a well-documented code and provides robust risk evaluation capabilities to address 
potential risk of rupture occurrences in dissimilar metal welds located in pressurized water reactor 
coolant system piping that currently satisfies the requirements of GDC 4 through an NRC-
approved leak-before-break analysis.  Follow-on studies using xLPR V2 will determine if the risk 
of rupture in such piping systems can be generically dispositioned or if additional plant-binning or 
plant-specific analyses will be required to address regulatory concerns.  Additionally, the NRC 
staff still needs to review and accept the code for such use. 

Assuming that the NRC staff accepts the use of xLPR V2 for regulatory applications and uses it 
to resolve regulatory concerns over leak-before-break, the NRC and the nuclear industry should 
identify other technical and regulatory areas where the assumption of pipe rupture significantly 
influences design, maintenance, inspection, operation, or risk mitigation practices. Using xLPR 
V2 to evaluate these current practices may result in modifications that increase plants 
effectiveness and efficiency while maintaining an adequate level of safety.  Also, xLPR V2 could 
be used to better assess rupture probabilities and uncertainties in other systems that are 
important to safety or asset preservation.  Such follow-on applications will likely require the 
continued maintenance of the code as well as broadening its current scope and capabilities.  
Accordingly, the NRC and the nuclear industry should conceive of and implement a program for 
the broad-based use and maintenance of xLPR V2 with the goal of preserving the code as an 
effective technical and regulatory tool for the foreseeable future. 
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