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ABSTRACT 

There is a growing interest in defining numerical safety 
, goals for nuclear power plants as exemplified by an ACRS 
recommendation. This paper proposes a lower frequency limit 
of approximately 10-4lreactor-year for design basis events. 
Below ttiis frequency, down, to a small frequency such as 
l~-~/reactor-~ear, safety margin can be provided b?, say, 
site emergency plans. Accident sequences below 10-5 should 
not impact public safety, but it is prudent that.safety 
research programs examine sequences with significant conse- 
quences. Once tentatively agreed upon, quantitative safety 
-8oals'together with associated implementation tools would be 
factored into regulatory and design processes. 

INTRODUCTION 

There is a growing interest in defining numerical safety goals 
for nuclear power plants as exemplified by an ACRS recommendation [l] 
arid a request by Chairman Hendrie to the ACRS [Z] to come forward with' a 
proposal. Numerical safety goals in some other applications are well 
advanced; for example, the goa'ls for autopilot landing sys tem reliability 
for aircraft at London Heathrow Airport, FAA criteria ' for airport traffic 
towers, HUD siting of housing projects in proximity of hazardous industrial 
c.omplexes, em., etc. 

The General Atomic Company has been advocating use of Probabilistic 
Risk Assessment techniques in nuclear plant design, safety assessment and 
R6D guidance as well as in the regulatory process for several years [3], 
[41, 151, [61. 

Maj or steps in the deve1,npmen.t and implementation of quantified safety 
goals are summarized in Figure 1. The figure suggests two avenues in de- 
riving quantified safety goals. One avenue derives knowledge from compre- 
hensive safety studies such as RSS [7], AIPA [8], and Deutsche ~isikostudie 
'[9]. 'These studies, plus subsequent improvements in uncertainty estimates, 
better understanding of consequences and explanations of meaning of low 
frequencies constitute sufficient basis for proposing interim, quantitative 
safety goals. .The second avenue in deriving goals is by means of the risk 
budget concept . 



INTERIM SAFETY GOALS 

A great variety of accident.sequences are exatnined when studying 
nuclear. safety. A*' important aspect is the width of the spectrum of 
accident frequencies under consideration as shown in Figure 2. In the 
figure,. the accident frequency or probability per unit time and per reactor 
is plotted against its consequences. Therefore, each accident sequence 
analyoed can be shown as a point on the diagram. 

.There is a range of accident frequencies from, say, once per year down 
to somewhat less than once per hundred reactor-years (10'~l~ear) where there 
egists an experience base for nuclear power plants. The limits on consequen-. 
ces, such as'radiation doses, in this region are also fairly well established. 

Some sequences of lower frequency must be accounted for in design so 
that more serious accidents which have a high probability .of happening in 
the forthcoming years of the nuclear power program yield small.and, thereby, 
hopefully acceptable consequences, Theref ore, the design basis events must 
include accident sequences having frequencies below 10'2Iyear. 

The dividing line between the region where design. basis acci- 
dent candidates are plotted and the lower regions where the sequences plot- 
ted are too unlikely to be DBA candidates is defined as the frequency limit 
line. The numerical value of this frequency was difficu1.t to determine in 
the early years of nuclear power plant regulation because of limited devel- 
opment of the field of prob~bilistic risk assessment coupled with a lack of 
experience as to practicably achievable goals. In recent years, however, 
values for such a frequency have entered the regulatory process in some 
cases, and the capabilities for deriving.such frequencies are rapidly 
improving. One derivation is given in Refs. 10 and 11, and a further step 
in the derivation process is given here. 

-6 A frequency of 10 /reactor-year has received widespread consideration 
as a future or ideal safety goal. The U.S. Atomic Energy Commission used 
this number in 1973 in a report on anticipated transients without scram 
(ATWS) (WASH-1270, Ref. 12) but did not examine whether it was practicable 
for nuclear power plants or reasonable compared to risks from other forms 
of electrical generation. The details of the definition of that frequency 
evolved over the years until in April 1978, in report NUREG-0460, Volume 1 
[13], the frequency of 10-6lreactor-year was the goal for the requirement 
that ATWS not cause core melting or doses greater than lOCFRlOO [14] values. 
In December 1978, in Volume 3 of NUREG-0460 [15], the frequency goal for 
ATWS was withdrawn. This action may facilitate a fresh look at what has 
been achieved in the licensing of nuclear power plants to date and how 
that insight influences practicable and reasonable goals. 

Probabilistic risk assessments of some reactors have been made which 
can give some insight into practicable goals. Two that are important to 
consider here are the Reactor Safety study and the HTGR AIPA study. (The , 

German risk study [9], whose Appendices are'not yet released, will also 
become important.) In these reports, the retrospective estimate,for the 
median frequency. for core melt in LWRs is 5 x 10'~/reactor-~ear and the 



prospective estimate for core heatup in HTGRs is 3 x The uncertainty 
factors for these estimates (the number by which the median frequency is 
multiplied to obtain the upper bound frequency at the 95th percentile) are 
about 5 and 6, respectively. The estimate of the mean core melt frequency 
for LWRs is 8 x 10-5 based on the uncertainty factor of 5. The Risk Assess-. 
ment Review Group concluded that the RSS uncertainties are greatly under- 
stated. In addition, the risk assessments described.above were made prior 
to the accident at TMI and on only two specific plant designs. An examina- 
tion of the TMI accident and the Reactor Safety Study shows that the TMI- 
type event was included in the RSS but raises the likelihood that probability 
values used in the RSS are not being achieved in all plants. This could 
lead to higher predictions of mean core melt frequencies 'for the totality 
of plants in the U.S. However, these accident frequencies implied by this 
line of reasoning are not considered acceptable; and, because of this,'many 
improvements in safety are now being made in and for the power plants. Some 
of these improvements are in the direction to restore the former confidence 
that the frequency for severe accidents is low. It would appear to be 
possible to achieve a mean frequency for core melt as low as 8 x 10-5 if 
that was judged to be important. STnce core melt is not a design basis 
accident, this.frequency gives some insight about the limit line frequency 
for design basis accidents which is practicable. 

Another consideration &s of great :importance in choosing the frequency 
limit line. Much effort, time, and money are spent on design features and 
associated research and development based on the choices of design basis 
events. We suggest that this effort is.worthwhile if the chosen accidents 
are more likely to happen than not sometime in the entire nuclear power 
programof the United States. On the other hand, if it is more likely that 
the accident will not happen; it should not be chosen as a design basis 
event. For a national reactor program of 200 reactors, and assuming a 35 
year lifetime for each, an accident with a mean frequency of 10-~/reactor- 
year .has about a 50% chance of happening. 

-4 Therefore, 10 /reactor-year is proposed as a future frequency limit 
line which forms a "design basis region" on Figure 2. The consequence limit 
proposed is that there be no identifiable public injury. 

A "safety margin region" is needed below the design basis region to 
provide safety margin against some events whose probability of happening in 
the U.S.program is not very far below 50%. Events predicted to lie in the 
region of safety margin would not be expected to happen in the duration of 
a national reactor program, and so the~;e should be no blanket requirement 
to automatically design for them therebp potentially unneccessarily increas- 
ing the cost of electricity generation. However, suitable margin againsc 
the unlikely chance that they may happen can be obtained by site emergency 
plans. If there are any cases where predicted consequences are particularly 

. high, such as above some emergency reference level (ERL), then value/impact 
considerations are proposed to be used to consider choice of special design 
or operational options. This rationale for special provisions is only 
reasonable down to a certain small frequency suggested to be 10-~/~ear. 

The accident sequences below should not impact public safety. 



However, it is prudent that sequences with significant consequences be 
treated as candidates for a thorough safety research program with the 
ultimate objective of confirming a frequency below 10-~/~ear. This pa er, 
however, recommends dismissal of accident sequences below - 10Q level, 
subject to collegial review (peer review) of low frequency, high consequence 
cases. 

ACCOUNTING FOR UNCERTAINTIES 

Uncertainties in frequency and consequence predictions can be signifi- 
cant and could influence the assignment of events to the design basis region. 
A calculation including uncertainties is needed of the probability of whether 
an accident is likely to happen or not in the U.S. program. Single values 
for frequencies are used though it is known that the predictions-have un- 
certainty. The formula [lo] for the single value of frequency, X , is 

where (I is. the joint probability density function describing .the uncertainties 
in frequency, A, and consequence, C. This single value yields the. probability, 
P, that the event will happen in T reactor years of operation when used in 
the formula: 

- 
The formula [lo] for a single value of consequence, C , including uncertain- 
ties, yielding the same risk (defined as the product X and C) as all cases 
in the' uncertainty distribution is 

. RISK BUDGET CONCEPT 

To foster a higher level of public understanding, nuclear risks must be 
presented in a better perspective by comparing them with risks associated . . 
with operation of, say, other means of electricity generation or chemical 
plants. The comparison should also include risks :Qom other man-made hazards 
and natural phenomena, again, to balance public understanding. Technological 
assessment of risks is further supplemented by assessments of public percep- 
tions. These several considerations could .lead to a concept called "risk 
budget1' shown on Figure 1. The definition of a long-term "risk budget" 
expl4citly includes wha.t i s  probably an inevitable constraint on nuclear 
power growth. The constraint is directly related to assessments of the 
public'perc&ption.s on the accegtabi;bity of nuclear power. As the public 
becomes more informed, the disparity between perceived risks and assessed 
risks diminishes, leading ultimately to a rational assessment of risks from 
all technological activities. 

Since the range of technological activities is so broad and involves 
so many different organizations, there has been and will continue to be an 
institutional problem in adopting a risk budget . . .  More adequate mechanisms 
are needed with which to.resolve differences among.groups. One might think 



that a Risk Council or Risk Department in the Federal Government would be a 
constructive step. The risk budget concept should.be encouraged and 
developed. 

APPLICATION OF QUANTITATIVE GOALS 

There are several key activities for implementation and application of 
quantitative safety goals as seen in Figure 1. 

Implementation requires continuing development in. a number of areas. 
Methodology for fault tree and event tree analyses can be made more repro- 

. .  . 
ducible and eeori"omica1. Consequence analysis can utilize improved assess- 
ments of uncertainty. 'The continued growth in the equipment failure data 
base is important. Value/impact methods could provide valuable insights' 
for some problems. Supporting safety research can be more pertinent when 
guided by risk assessments. In some cases, options for safety enhancement 
may be needed. Common-cause failure development for redundant and diverse 
systems is of fundamental importance for highly reliable systems. 

The overall methodology hasmore applications than just setting the , 

top levei of quantified safety goals, which are the frequency and consequence 
limits discussed in relation to Figure 2. The top'-level goals are central 
tothe problem of providing a basis for balanced and visible rules, but 
consider the additional applications shown on.the right of Figure 1. 

Some operating safety decisions are made prior to operation such as 
some of those in the technical specifications of plants. The combinations 

-.6f equipment.,which are allowed to be out of service during operation should 
be' chosen 'with overall safety goals in mind. 

Decisions during operation could be improved by using computer modeling 
to. check the change in risk in a plant during operation when components are 
taken out of service. One conceptual computer model for this function heing 
developed at General Atomic is called the Predictive Incident...Evaluator (PIE). 

Quantitative safety criteria as proposed herein are compatible with the 
selection of design basis accidents (DBAs) for Safety Analysis Reports. This 
approach to design bases for safety allows the development. of deterministic 
licensing criteria for DBAs. 

Design criteria can also then benefit in conjunction with .determinis tic 
1icensing.criteria. This should improve the correlation between a suitably 
low safety risk and a suitably low investment risk by reducing, the chances 
of radioactivity release within the plant. This might. be.especially achieved 
by using the precursor events which happen in plants as input data to the 
risk assessments. 

Advanced concepts can be examined by prospective studies to. systematic- 
ally show where strong'or'weak points are in a design. This can provide 
valuable guidance iri'&veloping the safety characteristics of the concept. 

There are, therefore, many potential rewards in moving.to the use of 
quantitative safety goals. It is believed that continued development will 
reduce or solve the difficulties. The field should be given our- whole- 
hearted support. 



Figure 1 .  Major s teps  i n  development and implementation of quantified safety  goals 
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