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ABSTRACT 

Some of the principal concepts and issues that are pertinent 
to risk-based regulation are reviewed. There is a growing 
interest in most countries in the use of risk-based methods and 
results to facilitate decision-making associated with regulatory 
processes. A summary is presented of the challenges and 
opportunities related to expanded use of risk-based regulation. 

1. INTRODUCTION 

This paper reviews some of the principal concepts and issues 
that are pertinent to risk-based regulation. The landmark study 
of nuclear power plant risks was conducted more than two 
decades ago by a team led by N. Rasmussen [1]. In the 
aftermath of that study, there was much caution advocated with 
regard to the use of the results because of their uncertainties. In 
particular, it was recommended [2] that the study and its 
methodology not be used uncritically in the regulation of 
nuclear power plants. Over the last twenty years, we have 
witnessed a gradual but steady movement toward increased 
usage of risk-based methods and results in the regulatory 
process. The "risk perspective" as a supportive view to existing 
(non-risk-based or deterministic) information used in decision 
making has a firm foothold now in most countries that regulate 
nuclear power. Furthermore, in the areas outside the nuclear 
power fie1 i, such as health risk assessment, risk-based 
information is used increasingly to make decisions on potential 
impacts of chemical, biological, and radiological exposures. 

There is much interest in increased use of risk-based 
approaches to regulation. Notably, in the U.S. Congress, there 
is legislation being developed that calls for risk assessment and 
cost-benefit analysis for a wide range of activities and programs. 
Legislation is being proposed that would require the Department 
of Energy and other agencies to determine the risks and costs 
associated with cleanup of various sites that were part of the 
weapons production complex. It is thus important to present, 
based on extensive experience with the use of risk assessment 
as it relates to regulated activities, the challenges and 
opportunities associated with a potentially more fully developed 
relation between regulation and risk. 

* Work performed under the auspices of the U.S. Department of 
Energy under Contract No. DE-AC02-7600016. 
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The Nuclear Regulatory Commission in the USA has been at 
the vanguard of developing and applying approaches to risk-
based regulation in recent years [3]. In another paper at this 
conference [4], a status report is given on progress in the 
program designed to develop a risk-based methodology for 
regulatory processes. 

2. RISK INFORMATION AND DECISIONS 

Perhaps the highest level challenge relates to the question: 
should we modify risk assessments to be more useful in 
connection with existing regulations or should regulation be 
changed to reflect the content and form of state-of-the-art risk 
assessments? While both of these options will likely (and 
probably should) proceed simultaneously, they are rather 
distinct and are usually performed by different groups in 
different subdisciplines. 

Regulations and rules for complex technologies have 
traditionally been formulated in a deterministic context. 
Requirements have been put forth in terms of redundancy of 
safety equipment, physical limits (e.g. temperature and 
pressure), etc. Probabilistic statements of required (or desired) 
performance have been formulated more recently and are still in 
a state of evolution. Given that regulations are 
deterministically based, how does one construct a probabilistic 
risk assessment and its output parameters such that it will be 
useful for risk-based regulation? 

In a review [5] of deterministic and probabilistic approaches 
to safety analysis for the preclosure phase of a high level waste 
repository, it was noted that it is important to distinguish 
methodology choices from decision making choices. Figure 1 
illustrates, in a two-dimensional space, the range of choices 
available. The vertical axis denotes the range of methodologies 
with "purely" probabilistic and "purely"' deterministic at the 
extremes of this axis. In practice, safety analysis methods are 
not at either extreme, but fall somewhere between the extremes. 
For example, "Chapter 15 Accident Analysis" of a Preliminary 
Safety Analysis Report would perhaps fall below the midpoint 
but certainly not at the purely deterministic extreme (because 
judgmental likelihoods were used to select the accident 
scenarios that are evaluated). Similarly, probabilistic risk 
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assessment would fall above the midpoint but not at the purely 
probabilistic extreme (because much deterministic analysis is 
done, or at least cited, within the context of a PRA). 
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Figure 1 Methodology/Decision Making Space 

The horizontal axis denotes styles of decision making, with 
"prescriptive" and "flexible" defining the two extremes. 
Prescriptive refers to rule-based decision making (yes or no 
questions) and flexible refers to decision making in a case-by-
case fashion by recognizing the total amount of information that 
is pertinent to the decision at hand. 

Also indicated on Figure 1 are some safety activities that 
have required bom a methodology and decision making process. 
The actual placement is qualitative and is given for illustrative 
purposes. 

An optimal approach to safety assessment will depend on the 
circumstances surrounding the decision process which the 
assessment is intended to serve: what kind of information is 
already available, how the surrogate questions have been 
defined, what regulatory requirements are being addressed, or 
whether compliance to other performance criteria is being 
demonstrated. 

3. SPECIFICITY OF REGULATION 

Another important issue that will need to be addressed is: the 
level of technical performance at which the risk/regulatory 
interface would be optimally placed. This is referred to here as 
specificity of regulation. If die risk/regulatory interface is set at 
a high level, then it might not be practical to verify compliance. 
If it is set at a low level, then me regulation could be regarded 
as too intrusive by the regulated industry and would not allow 
for flexibility with regard to the way in which a requirement is 
met. A discussion of the level of specificity is given in a paper 
on a methodology for reliability allocation [6] that is consistent 
with top level safety goals. 

4.1 Challenges: 
1. To obtain an acceptable methodology for risk assessment 

that is commensurate with the decisions to be made. 
2. To perform the needed, relevant risk assessments. 
3. To focus,regulatory questions so that risk assessments can 

be useful. 
4. To have a regulatory structure that encourages risk-based 

methods. 
5. To perform the necessary regulatory research that assures 

a robust, stable approach to risk based regulation. 
6. To effectively communicate the process, risks, and 

decisions to the public. 

4.2 Opportunities: 
1. To have a cost-effective approach to regulation. 
2. To assure that resources are focused on essential safety 

issues. 
3. To have a methodology that can be used to both enhance 

safety and manage operability. 
4. To be able to communicate results and decisions clearly. 
5. To attain an open, fair, and predictable regulator}' 

framework. 

5. ACKNOWLEDGMENT 

I am grateful to J. Higgins for helpful suggestions on the 
manuscript. 

5. REFERENCES 

[1] Reactor Safety Study: An Assessment of Accident Risks in 
U.S. Commercial Nuclear Power Plants, WASH-1400 
(NUREG-75-014), October 1975. 
[2] H.W. Lewis et al, "Risk Assessment Review Group Report 
to the U.S. Nuclear Regulatory Commission", NUREG/CR-
0400, September 1978. 
[3] USNRC Policy Paper SECY-94-219, "A Proposed Agency-
wide Implementation Plan for Probabilistic Risk Assessment 
(PRA)," memorandum from NRC Executive Director of 
Operations J. Taylor, Washington, DC (1994). 
[4] S. M. Wong, G. M. Holahan, J. W. Chung, And M. R. 
Johnson, "Risk-Based Methodology for Regulatory Processes", 
appears elsewhere in these conference proceedings. 
[5] R. A. Bari and R. W. Youngblood, "Deterministic and 
Probabilistic Elements of the Recommended Approach to 
Preclosure Safety Assessment in the Geologic Repository 
Program", BNL Letter Report PRAM-06/01/87-RB, June 1987. 
[6] I. A. Papazoglou, N. Z. Cho, and R. A. Bari, "Reliability and 
Risk Allocation in Nuclear Power Plants: A Decision-Theoretic 
Approach", Nuclear Technology, Vol. 74, September 1986, 
pp.272-286. 

4. SUMMARY OF CHALLENGES AND OPPORTUNITIES 

Here we briefly summarize some of the challenges and 
opportunities associated with developing and implementing 
risk-based approaches to regulation. 


