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ABSTRACT 

 
In the 1970s and 1980s the nuclear industry witnessed the development and utilization of probabilistic 
risk assessment (PRA) tools and methodologies. Originally, these tools were intended to assess the 
risk associated with plant operations and where applicable, identify cost-effective safety 
improvements. While successfully achieving these intended goals, risk technology also demonstrated, 
in general, the robustness of the deterministic plant design philosophy. Additionally, risk technology 
identified areas where plant resources could be more effectively utilized, plant reliability could be 
increased and undue burden reduced. 

While the intended goals were met, the full promise of risk technology faces four important 
challenges. The first challenge is that risk technology requires a substantial investment.  The second 
challenge is a function of the risk application itself (e.g. ISI, Technical Specifications, Procurement, 
Quality Assurance). As PRAs were originally developed to calculate core damage frequency and 
other risk metrics (e.g. large early release frequency), without modification, they may not be directly 
suitable for a particular risk application. As such, any successful risk application may need to adapt 
and supplement the existing PRA, and as necessary provide additional assessment tools so that the 
risk application produces results that are stable and reproducible. Third, the impact on plant risk needs 
to be assessed and change in risk acceptance criteria defined. Finally, agreement is needed between 
the plant operator and its regulator on each of the above issues. 

The EPRI risk-informed inservice inspection (RI-ISI) RI-ISI methodology and its extensions are 
being implemented in over 75 units in the US and almost 100 units in the broader international 
community, encompassing, Africa, Europe and North America. As such, its serves as an excellent 
vehicle for analyzing the above noted challenges. 

This paper will present a case study addressing the above issues using RI-ISI as the focal point. 
The paper will discuss the initial development of the EPRI RI-ISI methodology in the mid-1990s, 
pilot plant application and industry implementation as well as enhancements and extensions to the 
initial methodology. Examples include focusing the technology on surface examination requirements, 
extension to augmented inspection programs (e.g. high energy line break / break exclusion regions), 
development of a more streamlined RI-ISI process and extension to other plant programs (e.g. repair / 
replacement, procurement), addressing issues associated with long term operation as well as extension 
of the technology to support New Plant Construction. 

 
 

DISCUSSION 
 

The following text provides a history of the development of inservice inspection programs, a 
discussion on the use of probabilistic risk assessment tools in defining a RI-ISI program including its 
extensions, as well as on the decision making process (e.g. impact on plant safety, regulatory review). 
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Inservice Inspection 
 

During the design phase of the first nuclear power plants, it was believed that the high standards used 
to design and fabricate passive components would allow problem-free operation throughout their 
lifetime. However, when plants became operational, it was discovered that components still degraded 
over time despite such high design standards and the industry began to develop inspection programs.  
ASME developed a standard, the ASME Boiler and Pressure Vessel Code, Section XI: Rules for 
Inservice Inspection of Nuclear Power Plant Components, which initially provided rules for 
inspection of Class 1 systems only.  In response to industry experience the Code was revised to 
incorporate inspection of Class 2 and 3 systems. 

Traditionally, a number of commercial nuclear power plants implemented ASME Section XI to 
ensure the structural integrity of systems.  Section XI was based on a sampling approach: 25% of 
Class 1 and 7.5% of Class 2 piping welds were examined to verify that no generic degradation 
existed. To search for generic degradation, Section XI required that piping be examined based on 
materials, configuration and potential stress levels. These criteria, although useful as inputs for 
determining possible examination locations, were not suited to be used alone as selection criteria. 
Because of these inadequacies, problems were typically identified via non Section XI activities, for 
example operator walkdowns or augmented inspection programs. Consequently, nuclear plants were 
devoting significant manpower, radiation exposure, and financial resources to examine locations with 
low failure potential and/or little safety significance. 

In contrast, risk informed technology allows plants to identify and inspect those systems or 
portions of systems that are most risk significant. Risk-informed in-service inspection (RI-ISI) reflects 
recent developments in Probabilistic Risk Assessment (PRA) technology, structural reliability as well 
as the experience gained from over 13,000 reactor years operating experience of Nuclear Power 
Plants. For these programs, risk is defined as the product of the consequences of a failure and the 
probability of that failure occurring. Using RI-ISI, the risk significance of a component and its failure 
potential are determined. This allows the plant to target its resources to examine locations that are 
most risk significant, providing the ability to capture or minimize risk and thereby improving plant 
reliability while keeping radiation doses to workers as low as reasonably achievable. 

 
Use of the Probabilistic Risk Assessment (PRA) 

 
The PRA is used in the RI-ISI methodology to compare (i.e. rank) the impact of piping failure. As 
such, it is important that the various modelling assumptions, input data and parameters that can 
influence the risk that is calculated are modelled with as high degree of realism as practically possible. 
A key component of this evaluation is that of understanding conservatisms embedded in the PRA 
analyses that can impact the RI-ISI results.  In contrast to deterministic analyses, there is the potential 
for conservatisms in the PRA analyses to provide un-conservative results from a RI-ISI perspective. 

The following PRA parameters, including understanding the impact of conservatism (lack of 
realism), are key in developing a robust RI-ISI ranking: 

 
• Success criteria needs to be properly identified, i.e. how many trains of safety systems are 

needed to avoid core damage and the variation of system demands during the mission time. 
• Identify break flows at different system pressures and different break sizes, (e.g., different 

LOCA sizes). 
• Including the appropriate mitigating systems/actions that can be used to bring the plant to a 

safe condition. 
• Identify failure probabilities of components important to RI-ISI such as emergency core 

cooling (ECC), decay heat, auxiliary feed water, feed water and service water systems. 
• Common cause failure rates included for the applicable components. 
• Identification of how human actions are developed and modelled in the PRA.  
• Relevant dependencies among systems should be included the model.  
• Mission time needs to be identified for system demands taking into account the various 

scenarios placing the demands.  



Most PRA studies are developed to determine core damage and large early release frequencies 
for the plant. To develop a fully realistic PSA can be time and resource intensive.  As such, initial 
PSA models often include conservatisms (e.g. when design/licensing inputs are used versus best 
estimate inputs). Typically the most dominating sequences for CDF and LERF are identified, and 
conservatisms in the dominating sequences are replaced by more realistic data to generate a more 
refined PSA model. However, often there is still conservatism in the model where the conservatism 
has only a minor effect on the total CDF and LERF results. This conservatism may not always be 
quantified for the base PRA but will need to be assessed when developing a RI-ISI program. 

From a RI-ISI program development perspective, an understanding which data and models in 
the PSA studies affect the CDF and LERF from pipe breaks is needed. This may be included in the 
base PRA or may need to be developed specifically for the RI-ISI program.  In either case, these 
analyses should be reviewed and if needed updated to reduce uneven conservatism in the model to get 
a proper risk ranking. 

There are several ways to support this evaluation including comparisons to similar plants, peer 
review as well as an assessment of the PRA and its use in the RI-ISI program development against 
quality guides such as the USNRC Regulatory Guide 1.200 and EPRI Report 1021467. Sensitivity 
studies are also a very valuable tool in understanding the impact of these issues. 

 
Extension of the RI-ISI Methodlogy 

 
The following text provides two examples where the base RI-ISI methodology has been adapted or 
improved to addressed related issues. The first involves extension of the methodology to break 
exclusion region (BER) programs while the second involves a streamlining of the base methodology 
to reduced the cost of implementation while also providing for a risk evaluation of the entire plant (i.e. 
safety and non safety related systems). 

 
Break Exclusion Region (BER) 

 
The design basis for many nuclear power plants requires that structures, systems, and components 
important to safety be designed to accommodate the effects of postulated accidents, including 
appropriate protection against the dynamic and environmental effects of postulated pipe ruptures. 

“Design basis accident”, or maximum hypothetical accident” have been terms used to describe 
what was generally known as the double-ended guillotine break (DEGB). The concept was originated 
for the multiple purpose of sizing containments and establishing “accident” doses and later for sizing 
emergency core cooling systems. The original concept was quite straightforward; namely an 
instantaneous DEGB of a major pipe in the primary system of a light-water reactor would maximize 
the fluid release and establish an upper bound for the design pressure established for a containment. 

Later changes in regulatory philosophy tended to shift the DEGB from a hypothetical accident 
to one with increasing credibility. It was a relatively short step from the hypothetical to a belief in 
randomly occurring major pipe breaks. 

In determining the locations at which breaks are to be postulated in high energy piping, various 
bodies have defined special rules for break exclusion regions (a.k.a. “no break zone”), including 
containment penetration areas. There are a variety of terms that have been developed to identify these 
special rules including break exclusion requirements (BER), no break zones (NBZ), high energy break 
exclusion region (HEBER), high stress welds, augmented inspections, etc. These rules provide plants 
operators the option of not specifying breaks in these regions provided additional requirements are 
met.  The requirements for not specifying breaks in these areas consist of: 

 
• maintaining design stresses low (i.e. below BER acceptance criteria), 
• minimizing welded attachments, 
• minimizing the number of branch connections, 
• postulation of pipe breaks upstream and downstream of the "no break zone", 
• increased number of inspections in the “no break zone” region. 
 



The base RI-ISI methodology was reviewed and adapted with the goal of revisiting the 
inspection sample size of the BER augmented inspection programs. In doing so, this project reviewed 
plant operating experience since the early seventies, developed an understanding of the performance 
history of this program as well as its application across the industry. 

The goal of this project was to, as warranted, recommend a reasonable inspection sample size 
taking into account the safety benefit associated with BER inspection programs and plant specific 
design features while maintaining an adequate level of defense-in-depth. Although existing evidence 
and analyses have identified the potential for catastrophic pipe breaks (i.e. double ended guillotine 
breaks) as vanishingly low for this scope of piping, prudence dictated that a reasonable inspection 
sample size, and a process for determining that sample size, be developed. In support of this goal, two 
plant specific applications were conducted to assure that the defined process is robust and can be 
consistently applied to both BWR and PWR plants. 

This project was documented in an EPRI report and was approved by the USNRC for generic 
industry use. 

 
EPRI Streamlined RI-ISI Methodology 

 
In the vein of continuous improvement, we have developed a streamlined RI-ISI methodology known 
as Risk-informed / Safety Based ISI, or RIS_B which has been codified by ASME as Code Case 
N716. The benefits of this new approach is that the risk-informed technology can be applied more 
cost-effectively, can be maintained more cost-effectively and be applied to the whole plant (i.e. a 
fullscope application) while at the same time providing significant cost, worker exposure and 
radwaste savings. 

The Code Case N-716 approach differs from the traditional RI-ISI approaches in two respects. 
First, the consequence assessment is not required.  The consequence assessment has been replaced 
with a pre-determined set of high safety significant locations (e.g. reactor coolant system, break 
exclusion area) and a plant-specific assessment of the impact of pressure boundary failure using the 
plant PSA directly. The second departure is that partial scope application, which is allowed by the 
traditional RI-ISI approaches, is not allowed by the Code Case N-716 approach. 

In order to demonstrate the methodology, two pilot plant applications were conducted and 
submitted to the USNRC for their review and approval. The first application was to a BWR (Grand 
Gulf) and the second was to a two unit PWR (Cook Nuclear Plant).  The Grand Gulf application was 
approved on September 21, 2007 and the DC Cook approval occurred on September 28, 2007. A third 
application conducted at Waterford (PWR) was approved in April, 2008. These applications are 
termed new plant applications in that they are transitioning from a deterministic ISI program to a risk-
informed ISI program. 

Since this time, several plants with previously approved RI-ISI programs, have decided to 
transition to the EPRI streamlined RI-ISI approach. The rationale for this transition is the ease of 
implementation and maintenance as well as the reduction in PRA resources needed to support the 
streamlined approach.  EPRI staffs have participated in these transition applications and are using the 
insights from these efforts to incorporate lessons learned into a revision of the code case. 
Additionally, this revision to the code case extends the scope of application beyond piping welds to 
other pressure boundary component inspections (e.g. examination categories C-A, C-B, C-D and C-
G). Not only will this revision increase the benefit of this technology (e.g. elimination of undue 
burden), but will provide for a more consistent in-service inspection program. That is, currently plants 
may have an in-service inspection program defined for piping welds based upon risk-informed 
technology while adjacent components are still founded on their original, deterministic program. This 
revision to the code case is undergoing the ASME review and approval process. 

 



Decision Making Criteria 
 

In order to facilitate any decision making process, the risk informed methodology should result in a 
program that: 

 
• Is technically sound, practical, and capable of being consistently applied by plant personnel. 
• Provides results that are “process driven” and not be overly dependent on subjective 

judgments made by a panel of experts. 
• Integrates effectively service experience and existing supplemental integrity management 

programs at the plant, such as those for IGSCC and flow-accelerated corrosion. 
• Results in a technically sound “inspection for cause” inspection program. 
 
To support these high level objectives and to minimize the level of effort that utilities require to 

apply the methodology and to obtain regulatory concurrence and approval of the resulting changes in 
the inservice inspection program, there are several additional objectives that are needed to be fulfilled, 
listed below: 

 
• Reduce the costs and man-rem exposures associated with those aspects of the piping 

inspection program that are not beneficial in reducing risks of severe accidents, while 
focusing inspection resources on areas with the greatest risk reduction benefits. 

• Provide a method that utilities can implement in a highly reproducible and cost-effective 
fashion. 

• Implement insights and results from the plant specific PSA programs that are needed to 
support risk informed decisions about the inspection program without the need for extensive 
enhancements to the PSAs and costly and time consuming computations. 

• Balance the considerations of providing sufficient quantitative risk estimates to support 
decision making without burdening the process with undue concern for large uncertainties 
inherent in passive component reliability estimation. 

• Provide approximate scales to measure the relative potential for pipe failure in different pipe 
segments, and the relative impact of these pipe failures on the risk estimates of core damage 
frequency and large early release frequency. 

• Provide an approach that utilities can flexibly apply on a range of piping system scopes to 
reduce the investment threshold needed to obtain the benefits of RI-ISI. 

 
 



SUMMARY 
 

Initially, most operating nuclear power plants relied on deterministic inservice inspection (ISI) 
programs such as ASME Section XI for integrity management of Class 1, 2, and 3 systems and 
components.  The scope of these ISI programs is based on deterministic analyses reflected in design stress 
reports.  These analyses are normally very conservative and may not provide an accurate 
representation of failure potential.  Service experience has shown that pipe failures, while rarely 
occurring, are due primarily to corrosion or fatigue type failure mechanisms and typically occur at 
locations not addressed in the plant’s ISI program.  While the use of conservative assumptions is 
appropriate in the design of piping systems to achieve high levels of reliability, insights supported by 
service experience indicate they provide misleading expectations regarding the effectiveness of 
inspection programs.  Consequently, nuclear plants are devoting significant resources on an inservice 
inspection program that may be providing, although adequate, not necessarily an efficient level of 
safety. 

The technical basis for risk informed inservice inspection (RI-ISI) of piping systems has been 
developed and is in practice in a number of countries.  Many of these efforts have included initial 
methodology development, pilot plant application and industry implementation.  Extension and 
adaption of these methodologies to increase the scope of application and ease of use are well 
underway.  In all cases, these extensions have shown that the technology continues to reduce undue 
burden and worker exposure while maintaining or improving plant safety. 


