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"Why Probabilistic Risk Assessment?" Or in the international spirit, why probabilistic safety 
analysis (PSA)? The short answer is that probabilistic risk assessment (PRA) answers all the 
right questions about the potential safety and environmental threats of natural and engineered 
systems and helps us make better decisions concerning their management. These questions are: 
What can go wrong? How likely is that to happen? What are the consequences ifit does 
happen? Embracing the uncertainty sciences with respect to the "likelihood" question allows us, 
in principle, to quantify our knowledge about any type of risk. 

PRAs have led to safer and better performing plants, systems, and facilities. PRA applications 
have now reached many industries beyond nuclear: aerospace, chemical and petroleum, defense, 
food and drug, agriculture, and transportation to mention just a few. There is one example where 
PRAs are a fundamental part of the business culture. That example is an impressive one. Notice 
that I say business culture, not just safety culture, something I wish to address in some detail. 

Specifically, PRA has flourished in the US commercial nuclear power industry, not just because 
it answers the "risk" questions and has been a major factor in the industry having an impeccable 
safety record since its recovery from the Three Mile Island accident, but also because of its 
impact on overall plant performance. While PRA was conceived as a safety tool, it has 
facilitated an entire spectrum of system performance variables, including operations, outage 
planning, maintenance, inspection and surveillance, plant upgrades and modifications, and the 
depth and sophistication of the whole decision making process. Nuclear power plant operators 
make no major decisions in any of these areas without considering the impact of the decision on 
risk. PRA has made a major contribution to balancing cost, generation, and risk in nuclear 
power plant operations. I don't believe any other industry has achieved this level of making 
probabilistic risk assessment a part of their business culture. That is what sets nuclear apartfrom 
other industries using PRA. 

How did this come about and are there any threats to PRA continuing to be part of such a success 
story, and finally how can we extend the benefits ofPRA to other applications? 

As to how it came about, we often hear the phrase, ''to make something like this happen requires 
a partnership between government and the private sector." Too many times such partnerships 
don't meet the expectations of the excitement surrounding their conception. But in this case it 
did, in spite of a few bumps along the way and some gathering storm clouds that I'll address 
later. Overall, the partnership worked the way it was intended to work-the government jump
starts the effort and the private sector seizes the initiative to implement and manifest the benefits 
to the citizenry. In the case of nuclear plant PRAs, the US Nuclear Regulatory Commission 
provided the jump-start with the Reactor Safety Study. But the story that sets this government-
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private sector partnership apart from so many others, and the story seldom told, is the role the 
private sector played, mainly the nuclear utilities. While the initial push for PRA may have 
come from government and in particular the Reactor Safety Study, the specialization of the 
process to specific plants and sites received its biggest push from the private sector. 

Looking back, in my opinion there were three primary events that took place in the 1970s and 
early 1980s that triggered a dramatic change in direction in nuclear power plant safety analysis 
and performance in the United States. These events were the Reactor Safety Study, the Three 
Mile Island accident including the attendant President's report on the accident, and the initial 
industry PRAs on the Zion and Indian Point commercial nuclear power plants. These activities 
set the stage for 25-years of outstanding safety and operating performance of nuclear power 
plants. 

The Reactor Safety Study and the large scope industry PRAs of the 1980s became the standard 
for assessing and implementing such important safety and performance tools as co"ective action 
programs, symptom-oriented procedures, and plant-specific simulators. New institutions were 
created by industry following the Three Mile Island accident such as the Institute for Nuclear 
Power Operations for operator training and nuclear plant performance oversight. The Electric 
Power Research Institute (EPRI) responded with innovative initiatives to facilitate the recovery 
from the Three Mile Island accident and to strengthen the role ofPRA. 

Prior to and following the Three Mile Island accident, many PRA innovations were developed by 
industry starting with the Zion and Indian Point PRAs in the late 1910s and early 1980s. For 
example, industry introduced such innovations to risk assessment as the scenario approach 
(modular event tree models) to structuring a risk model, a basic definition of a risk framework, 
namely the "set of triplets" definition that has now been adopted by industry, NRC, and many 
other agencies; the concept of plant damage states and pinch points in modeling scenarios to 
accommodate concurrent analysis of the major segments of a risk model; the first comprehensive 
core and containment response analysis (the Zion and Indian Point studies); the first uncertainty 
analysis that propagated uncertainty through the risk scenarios; the "evidence based" approach to 
quantifying uncertainty using Bayes theorem; the first methods of "importance ranking" of risk 
scenarios; and the first dose models to account for directional variability, close-in effects of less 
than elevated releases, and other dynamic effects in atmospheric dispersion models. 

All of these important developments derived from the large scope PRAs performed by industry 
during the 1980s and 90s before there were any specific PRA requirements from the government. 
Perhaps, the major contribution of the industry sponsored Zion/Indian Point PRAs was the role 
they played in the courtroom. In particular, it was the industry Zion and Indian Point PRAs that 
were the primary evidence for convincing the court that there was no scientific basis for 
regulatory discrimination of the so-called high population nuclear plant sites near such 
metropolitan areas as New York City and Chicago. 

Critical lessons learned over this 25 year period were, (1) accidents that are most likely to cause 
the release of fission products to the atmosphere are disturbances in the normal operation of the 
reactor followed by multiple failures of equipment and operator mistakes, (2) the recognition that 
support systems (e.g., electrical power-both ac and dc, component cooling water, service water, 
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etc.) are important systems to risk, even though they may not be classified as "safety related" in 
the regulations, (3) certain initiating events (e.g., intersystem LOCAs and steam generator tube 
ruptures) can bypass the multiple fission product barriers and levels of protection and result in 
the release of fission products from a damaged reactor core directly to the atmosphere, and (4) 
many non-safety related systems, as defined by NRC, turn out to be important to risk such as 
BWR feedwater, service water, and control rod drive hydraulic systems. 

One other lesson learned during this same period relates to the risk of off-power and shutdown 
states associated with nuclear power plants. EPRI and industry together brought this issue to 
light by quantifying these risks on specific plants. While it was demonstrated that some risks 
exist with off power and shutdown states, quantifying these risks made it clear that the at-power 
risks should be the emphasis for managing the risk of nuclear power plants. 

Meanwhile the NRC was providing incentives for PRA applications with the PRA policy 
statement, changes in the regulations, and guidance documents "to address risk-informed 
applications that use PRA information." NRC actions have included the maintenance
monitoring rule (10 CFR 50.65), the method of inspection of nuclear power facilities (NRC 
resident inspectors), and the initiation of a risk oriented Reactor Oversight Program. The NRC 
decision to take a risk-informed and performance-based approach, as opposed to a totally risk
based approach to safety analysis and licensing, broke the logjam of the probabilistic versus 
deterministic debate. They followed this decision with an important white paper (SECY-98-144) 
on just what they meant by such terms and concepts as risk, defense-in-depth, risk insights, and 
the risk-informed and performance-based approach to regulation and licensing. I'm looking 
forward to Chairman Diaz's presentation in a few moments to hear about more recent NRC 
incentives and initiatives to employ PRA. 

There are some definite challenges to PRA continuing to be a centerpiece in the business culture 
of the nuclear power industry. These challenges for the most part take the form of small but very 
entrenched voices within both government and industry creating bureaucratic barriers to 
fulfilling the potential ofPRA. Examples are (1) accepting the use ofPRA to risk-inform the 
safety of plant operations, but not following through with the elimination and simplification of 
the regulations to the extent justified by the PRAs, (2) using surrogates to PRA such as 
integrated safety analysis and seismic safety margins that compromise the quantification of the 
total risk of an operation, (3) hanging on to such concepts as "design basis" methodologies, that 
have been demonstrated to be inferior to the probabilistic thought process for being the 
foundation to understanding plant safety, and (4) using core damage frequencies and large early 
release frequencies as measures of risk, when the real measure should be radiation doses to 
people and environmental damage. 

These barriers tend to put the progressive nuclear utilities on the defensive in trying to extend the 
use ofPRA. Extensions ofPRA could result in many benefits including a risk-informed basis 
for quality assurance and the movement towards risk assessments completely integrated with 
respect to such issues as external events, oversight of operations, emergency response, and 
research and development. 
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So, what this all boils down to is while the success of PRA has been unique in terms of the role it 
has played in the impressive performance of the nuclear power industry, there are challenges 
from segments of both the regulators and industry to sustain that role in the future. We may be at 
a crossroads, because if these challenges are not met, the possibility exists that nuclear power 
could backslide in terms of our knowledge about the risks involved and their management. But 
let us accentuate the positive. How can the successes ofPRA in nuclear power spread to other 
fields? I would not be representing my experiences of the last few years without making a few 
remarks about nuclear waste and PRA. Of course my comments are my own opinions and not 
necessarily the views of the NRC Advisory Committee on Nuclear Waste or the US Nuclear 
Waste Technical Review Board, two recent and on-going activities in which I have been 
involved. 

On the surface, it would seem that the most likely candidate after commercial nuclear power 
plants for adopting a risk-informed risk management process would be the nuclear waste 
management field. The reasons are (1) much of nuclear waste is part of the nuclear fuel cycle 
and thus can be considered an extension of nuclear power activities, (2) the nuclear waste 
regulatory process is rooted in NRC regulations, even with the States having the regulatory 
responsibility for low-level waste (LL W), and (3) the NRC is committed to a policy of a risk
informed licensing process. These reasons would lead you to believe that the transition to a risk
informed nuclear waste management process should be a smooth one. Well, it hasn't quite 
worked out that way. 

Nuclear waste regulated by different agencies in different ways with different compliance 
requirements for different types of nuclear waste have compromised a systematic and integrated 
approach to the management of radioactive waste. Take the two nuclear waste projects of 
current prominence in the US, the Waste Isolation Pilot Plant known as W1PP for the disposal of 
transuranic waste and the proposed Yucca Mountain high-level waste (HL W) repository. The 
US Environmental Protection Agency is the regulator for WIPP and the basis of compliance is 
curie release limits of specific radionuclides per million curies ofTRU waste per 10,000 years 
(40 CFR 191), translated into a cumulative probability distribution of releases as a function of 
something called "summed normalized release." 

For Yucca Mountain where NRC is the regulator, the regulatory basis includes an individual 
protection standard of 15 mrem per year from all pathways 10,000 years following disposal (10 
CFR 63). An additional standard is currently out for public comment that extends beyond the 
time of peak dose. Radiological exposures to the reasonably maximally exposed individual 
(defined in 10 CFR 63) are estimated incorporating the probability that the estimated exposures 
will occur. Inconsistencies exist even within the same waste type in that two of the three
groundwater protection criteria for Yucca Mountain are based on concentration limits (picocuries 
per liter of water) rather than on dose. The safety assessments for these facilities, known as 
performance assessments, are really compliance assessments with probabilistic elements. They 
do not answer the question, what is the risk, but rather analyze their ability to meet regulatory 
standards. There is a difference. 

What about low-activity waste or, as the regulators define it in the U.S., low-level waste? To my 
knowledge probabilistic performance assessment (PPA) has not been a player in the regulation of 
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low-level or low-activity waste. There has been little to no use of PPA in the regulation of LL W 
to date. There have been isolated probabilistic performance assessment studies on DOE LL W 
disposal facilities, for example at the Nevada Test Site (Crowe, et. al, 2003), but none that I'm 
aware of in conjunction with the licensing process. What is the explanation for little or no PP A 
activity in the LL W field? Well, for one thing a PP A is not required, that is the LL W regulation 
10 CFR 61 is not designed to generate a risk-informed compliance approach. 

The NRC has taken some steps towards risk informing the licensing of LL W facilities, but 
evidently not enough for the licensees to seize the initiative a la commercial nuclear power. The 
underpin of NRC's commitment to a risk-informed licensing process is the PRA Policy 
Statement (60 FR 4266, 16 August 1995), which "formalized the Commission's commitment to 
risk-informed regulation through the expanded use ofPRA." The most visible step taken by 
NRC to risk-inform the regulation of LL W was the creation of a Performance Assessment 
Working Group (pAWG) to study the "risk" issue and make recommendations. The resulting 
study (USNRC, 2000) recommends two approaches to performance assessment, either of which 
may be used to represent post-closure system performance of a LL W facility: (1) a deterministic 
point estimate of system performance, or (2) a probabilistic assessment of performance with 
guidance. There have been essentially no takers for the "probabilistic" option. 

As to an incentive to engage PRA concepts in LL W, consider the low activity waste generated 
through the decommissioning of nuclear power plants. By far the major tonnage of these wastes 
contains very small amounts of radioactivity. A number that sticks in my mind from a National 
Research Council report (NRC, 2003) is that in the year 2000 the Class A waste sent to the 
Envirocare disposal facility amounted to 90 percent of the total LL W volume disposed, but 
amounted to only about 1 percent of the radioactivity (NRC, 2003). What if we could show 
through convincing risk assessments that calibrate the risk of all types of waste, radioactive and 
non-radioactive, that the majority of the decommissioning waste of all types of nuclear facilities 
could be disposed of in hazardous waste landfills? This would be a breakthrough not only with 
respect to public safety, but also with respect to the sensible use of our resources and the getting 
of the truth to the public about the real risk of nuclear waste in context with other risks to society. 

Thus, we see there are many opportunities for the PRA and PSA experts to apply their skills to 
unraveling what appears to be an unnecessarily complex risk management process for nuclear 
waste. There has been some progress with HL W and TRU waste, but little to no PRA activity 
with low activity waste. 

In closing, as practitioners of PRA our most important action is to maintain and improve the 
quality of the risk assessments we perform, and to seek opportunities to extend the use of PRA to 
other applications so that they can receive the same safety and performance benefits. We must 
structure our risk models to support meaningful decision-making and risk management, by which 
we mean not only calculating the risk, but making visible the rank-importance of contributors to 
the risk at the scenario, system, and event level; exposing the uncertainties involved; linking the 
risk results to the supporting evidence; and providing the connection between system safety and 
system performance. 

5 



Concerning the extension of PRA to other applications, the most important thing we can do is 
calculate their risks and demonstrate how such infonnation greatly enhances the decision-making 
process relating to any natural or engineered system in terms of its impact on public safety and 
the environment; meanwhile, allowing societies to have access to technologies that might 
otherwise be denied to them. The events of the 9/11 terrorist attacks, the Indian Ocean tsunami, 
and the New Orleans hurricane have dramatically demonstrated the need for better protection of 
societies from disasters. What better way to start providing such protection than with a 
quantitative risk assessment of such threats to intelligently guide the process? Thank you very 
much. 
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