
5 Value-Impact Analysis 

The discussions presented in this chapter generally apply to both power reactor and non-reactor facilities. Th simplify the 
presentation. the term " facility ~ has been selected to serve as the generic indicator for both types. Where the discussion is 
specific to power reactor versus non-reactor facilities, this will be indicated. Material supplemental to that presented in 
this chapter for power reactor and nOD-reactor value-impact analyses is included in Appendixes B and C, respectively. 

5.1 Background 

Value-impact analysis is one form of formal decision analysi~. not necessarily binding. Formal decision methods can 

• help the analyst and decision-maker clearly define and think through the problem 

• segment complex problems into conceptually manageable portions 

• provide a logical structure for the combination of issues contributing to a decision 

• clearly display beneficial and detrimental aspects of a decision 

• provide a record of the decision rationale, helping to provide documentation, defensibility, and reproducibility 

• focus debate on the specific issues of contention, thereby assisting resolution 

• provide a framework. for the sensitivity testing of data and assumptions. 

However, limitations must be noted. Fonnal decision methods cannot 

• completely remove subjectivity 

• guarantee that all factors affecting an issue are considered 

• produce unambiguous results in the face of closely valued alternatives and/or large uncertainties 

• be used without critical appraisal of results; to use a decision analysis method as a black box deeision-maker is both 
wrong and dangerous. 

5.2 Methods 

The value-impact portion of a regulatory analysis encompasses the third and founh steps of the complete six-step regula
tory analysis process discussed in Section 1.2.2. Value-impact analysis ideniifies and estimates the ,relevant values and 
impacts likely to result from a proposed NRC action . The methodology outlined in this chapter guides the systematic 
definition and evaluation of values and impacts. It also provides guidance on the reporting of results. 
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Values and impacts are classified as "attributes." Attributes are the principal components of value-impact assessment that 
are used to characterize the consequences of a proposed action. Any given NRC action can affect a large number of fac
tors within the public and private sectors. The attributes represent the factors that are most frequently affected by a 
proposed NRC action. The attributes affected by any given proposed action will vary, however, and the analyst will have 
to determine the appropriateness of each attribute. Attributes, whether values or impacts, can have either positive or nega
tive algebraic signs, depending on whether the proposed action has a favorable or adverse effect. The sign conventions are 
as folloW'S: favorable consequences are positive; adverse consequences are negative. Each attribute measures the change 
from the existing condition due to the proposed action. Attributes are discussed in detail in Sections 5.5 and 5.7. 

Section 4.4 of the Guidelines requires that the value-impact of an alternative be quantified as the "net value" (or "net bene
fit"). To the extent possible, all attributes, whether values or impacts, are quantified in monetary terms and added 
together (with the appropriate algebraic signs) to obtain the net value in dollars. The net value calculation is generally 
favored over other measures, such as a value-impact ratio or internal rate of return (RWG 1996, Section III.A.2).(I) 

The net-value method calculates a numerical value that is intended to summarize the balance between the favorable and 
unfavorable consequences of the proposed action. The basic perspective of the net-value measure is national economic 
efficiency. All values and impacts are added together and the total. is intended to reflect the aggregate effect of the pro
posed action on the national economy. The net-value measure does not, and is not intended to, provide any information 
about the distribution of values and impacts within the national economy. The values and impacts to all affected parties 
are simply added together. 

Section 4.4 of the Guidelines states that if significant differences exist getween recipients of values and those who incur 
impacts, the distribution of values and impacts on various groups should be presented and discussed. Section IIlA.8 of 
the 1996 RWG report supports this position. . 

To calculate a net value, all attributes must be expressed in common units, typica1ly dollars. Person-rerns of averted expo
sure, a measure of safety value, is convened to dollars via a dollar/person-rem equivalence factor (see Section 5.7.1.2). 
Net value is an absolUle measure. It indicates the magnitude of the proposed action's contribution toward the specified 
goals. When faced with a choice between two mutually exclusive actions, the "optimalM decision is to select the action 
with the larg~r net value. 

5.3 Standard Analysis 

Section 2.4 introduced the concept of a standard regulatory analysis, generally expected to encompass approximately one 
to two person-months of effort using specific guidance provided in this Handbook. The standard analysis should be 
adequate for most regulatory analyses, requiring guidance only from the NRC Guidelines, Handbook, and appropriate 
references. 

Sections 5.4~5.8 and Appendixes A, B, and C provide information for the level of detail deemed sufficient for a standard 
regulatory analysis. For those issues which require major levels of effort, this Handbook suggests additional methods and 
references which should prove useful. In genera1, the numerical values provided by this Handbook represent "generic" 
values which, in practice, apply better to multiple licensees than to individual licensees. For regulatory actions involving 
individual licensees, plant-specific values are recommended. However, as these are oflen unavailable, the analyst may be 
limited in some cases to applying generic values to plant-specific cases. 
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5.4 Treatment of Uncertainty 

Chapter 4 of the NRC Guidelines requireS that uncertainties be addressed in regulatory analyses, both for exposure and 
cost measures. In addition, NRC's Final Policy Statement on the use of probabilistic risk assessment (PRA) in nuclear 
regulatory activities (NRC 1995b) states that sensitivity studies, uncertainty analysis, and imponance measures should be 
used in regulatory matters, where practical within the bounds of the state-of-the-art. Uncenainties in exposure measures, 
especially those related to facility accidents, have traditionally been difficult to estimate. With respect to power reactor 
facilities, much has been written about uncertainty analysis in risk assessments. The more rigorous assessments typically 
provide an uncertainty analysis, usually performed via stochastic simulation on a computer. Briefly, the analyst 
determines probability distributions for as many of his input parameters as deemed necessary and practica1. A computer 
code then samples values from each distribution randomly and propagates these values through the risk equation to yield 
one result. When repeated a large number of times (at least several hundred), a probability distribution for the result is 
generated, from which the analyst can extract meaningful statistical values (e.g., mean, standard deviation, median, and 
upper and lower bounds for giv.en confidence levels). 

Risk assessments for non-reactor facilities often identify best estimates only. Some have provided uncertainty ranges (see 
Appendix C), but their development has generally been less rigorous than that for reactor facilities. On the positive side, 
accident scenarios for' non-reactor facilities are much less complex than for power reactors, facilitating uncertainty 
estimation, at least from a calculational perspective. 

This Handbook is not intended to provide basic information on probability and statistics, and therefore does not attempt to 
describe the details of uncertainty analysis techniques. The analyst needing information on these topics is referred to text
books on probability and statistics, as well as the following references: Seiler (1987), Iman and Helton (1988), Morgan 
and Henrion (1990), and DOE (1996). Instead, this Handbook presents a general discussion of the types of uncertainty 
that will be encountered in a regulatory analysis, primarily the value-impact ponion, and oullines some of the more recent 
approaches to deal with them. 

5.4.1 Types of Uncertainty 

Vesely and Rasmuson (1984) identified seven categories of uncertainties in PRA, the majority of which, if treated at all, 
have only recently begun to receive attention. The seven categories are uncertainties in data, ana1yst assumptions, 
modeling, scenario completeness, accident frequencies, accident consequences, and interpretation. These seven 
categories, going from first to last, represent a progression from uncertainties in the PRA input to higher-level 
uncertainties with the PRA results. Vesely and Rasmuson considered these categories to be generally applicable to any 
modeling exercise, not just a PRA. Thus, they would also apply to the cost analysis ponion of the regulatory analysis. 

The first category, data uncertainty, is the most familiar and most often treated. It can be divided into four groups: popu
lation variation, imprecision in values, vagueness in values, and indefiniteness in applicability. Population variation refers 
to parameter changes from scenario to scenario, usually due to physical causes. The variations occur among the random 
variables which, when treated as constants, give a false impression of the stability of the results. Parameter imprecision 
and vagueness refer to separate concepts. Imprecision occurs when only limited measurements are available from which 
to estimate parameter values. Vagueness occurs when definitive values or intervals cannot be assigned to parameters, 
Indefinite applicability deals with the extrapolation of parameter values to situations different from those for which they 
were derived (e.g., extrapolating component failure data for nonnal environments to accident conditions). 

The second category, analyst uncertainty, refers to variations in modeling and quantification which arise when different 
analysts perform different portions of the analysis. Often included with data uncertainty, analyst uncertainty provides its 
own separate contribution. Modeling uncenainty, the third category, arises from the indefiniteness in how comprehensive 
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and how well characterized are the numerous models in the analysis. Do the models account for all significant variables? 
How well do the models represent the phenomena? Is the dependence between two phenomena accurately modeled? Simi
lar to modeling uncertainty is completeness uncertainty, the fourth category. It differs only in that it occurs at the initial, 
identification stage in the analysis. When the analytic "boundaries· are drawn at the start of the analysis, how can one be 
sure that all "important" items have been included (e.g., the Three-Mile Island core-damage scenario was not specifically 
identified in PRAs until it had occurred)? Even if the important items have been included, are their interrelationships ade
quately defined (if even known)? 

The last three uncertainty categories-those for accident frequencies and consequences, and interpretation-deal with the 
analytic output and results. Accident frequency uncertainties arise from two sources: variations between accidents of the 
same type and limited knowledge of the data, models, and completeness. Accident consequence Wlcertainties parallel 
those in accident frequency, except that they involve consequence modeling rather than frequency estimation. Interpreta
tion uncertainty arises from the combination of all previous uncertainties plus the difficulty in conveying the information to 
the decision-maker. Even the most precise uncertainty analysis can be wasted if the meaning cannot be transferred to the 
decision-maker. Often, this results from difficulty in the way the results are presented. Ernst (1984) provides insight on 
reducing the uncertainty in interpretation of results. 

5.4.2 Uncertainty Versus Sensitivity Analysis 

As defined by Vesely and Rasmuson, uncertainty and sensitivity analyses are similar in that both strive to evaluate the 
variation in results arising from the variations in the assumptions, models, and data. However, they differ in approach, 
scope, and the information tbey provide. 

Uncertainty analysis attempts to describe the likelihood for different size variations and tends to be more formalized than 
sensitivity analysis. An uncertainty analysis explicitly quantifies the uncertainties and their relative magnitudes, but 
requires probability distributions for each of the random variables. The assignment of these distributions often involves as 
much uncertainty as that to be quantified. 

Sensitivity analysis is generally more straightforward than uncertainty analysis, requiring only· the separate (simpler) or 
simultaneous (more complex) changing of one or more of the inputs. Expert judgment is involved to the extent that the 
analyst decides which inputs to change, and how much to change them. This process can be streamlined if the analyst 
knows which variables have the greatest effect upon the results. Variation of inputs one at a time is preferred, unless 
multiple parameters are affected when one is changed. In this latter case, simultaneous variation is required. Hamby 
(1993) provides a detailed description of the most common techniques employed in sensitivity analysis. 

Vesely and Rasmuson identify which of the seven types of uncertainties encountered in PRAs are best handled by uncer
tainty versus sensitivity analysis. They are as follows: 

I. Data Uncertainty: Use uncertainty analysis for population variation and value imprecision, sensitivity analysis for 
value vagueness and indefiniteness in applicability. 

2. Analyst Uncertainty: Use sensitivity analysis. 

3. Modeling Uncertainty: Use sensitivity analysis. 

4. Completeness Uncertainty: Use sensitivity analysis: 
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5. Frequency Uncertainty: Use uncertainty analysis for variation from one accident to another, sensitivity analysis for 
the limited knowledge of the data, models, and completeness. 

6. Consequence Uncertainty: Use uncertainty analysis for variation from one accident to another, sensitivity analysis for 
the limited knowledge of the data, models, and completeness. 

7. Interpretation Uncertainty: Use sensitivity analysis. 

5.4.3 Uncertainty/Sensitivity Analyses 

Three major NRC studies involving detailed uncertainty/sensitivity analyses were NUREG-1150, Severe Accident Risks: 
An Assessment for Five U.S. Nuclear Ibwer Plants (NRC 1991); NUREG/CR-5381, Economic Risk of Contamination 
Cleanup Costs Resulting from Large Non-Reactor Nuclear Material Licensee Operations (Philbin et al. 1990); and 
NUREG/CR-4832,' Analysis ojthe lASalie Unit 2 Nuclear Jbwer Plant: Risk Methods Integration and Evaluation 
Program (RMIEP) (Payne 1992). The first and third studies address reactor facilities, the second non-reactor facilities. 
The approach used in each study is summarized below. 

5.4.3.1 NUREG-1I50 

~ An important characteristic of the PRAs conducted in support of this report [NUREG-1150] is that they have explicitly 
included an estimation of the uncertainties in the calculations of core damage frequenC?' and risk that exist because of 
incomplete understanding of reactor systems and severe accident phenomena. to With this introduction. NUREG-1150 iden
tified four steps in the perfonnance of its uncertainty/sensitivity analysis: 

I. Define the Scope. The total number of parameters that could be varied to produce uncertainty estimates was quite 
large and limited by computer capacity. Thus, only the most important sources were included, these sources being 
identified from previous PRAs, discussion with phenomenologists, and limited sensitivity analyses. For those parame
ters important to risk and having large uncertainties and limited. if any, data, subjective probability distributions were 
generated by expert panels. 

2. Define Specific Uncertainties. Each section of the risk assessment was conducted at a slightly different level of detail, 
none of which to the degree involved in a mechanistic analysis. This resulted in the uncertain input parameters being 
~high level H or summary parameters, for which their relationships with their fundamental physical counterpart 
parameters were not always clear. This resulted in Vesely and Rasmuson's -modeling uncertainties. ~ In addition, 
~data uncertainties ft arose from limited knowledge of some important physical or chemical parameters. NUREG-II50 
included both types of uncertainty. with no consistent effort to distinguish between them. 

3. Define Probability Distributions. Probability distributions were developed by several methods, paramount among 
these being "expert elicitation" (discussed below). "Standard~ distributions employed in previous risk assessments 
were used when the experts' estimation was not needed. 

4. Combination of Uncertainties. The Latin hypercube method, a specialized form of stochastic simulation, was 
employed to sample from the various probability distributions. The sampled values were propagated through the con
stituent analyses to produce probability distributions for core damage frequenC?' and risk. Results were presented 
graphically as histograms and complementary cumulative distribution functions showing the mean, median, and two
sided 90% confidence intervals. 
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A major innovation of the NUREG-1150 project was the development of a forma1 method for elicitation of expert judg
ment. Nine steps were involved: 

I. Selection of Issues. The initial list of issues was identified from the important uncertain parameters specified by each 
plant analyst. 

2. Selection of Experts. Seven expert panels were assembled to address issues in accident frequency (two panels), acci
dent progression and containment loading (three panels), containment structural response (one panel), and source 
terms (one panel). Selection was based on recognized expertise in the nuclear industry, the NRC and its contractors, 
and academia. Each panel contained 3-10 experts. 

3. Elicitation Training. Decision analysis specialists trained both the experts and analysis team members in elicitation 
methods, including the psychological aspects of probability estimation. The experts perfected their estimation tec~
niques by conjuring probabilities for items for which "true" values were known. 

4. Presentation and Review of Issues. The analysis staff fonnally presented the relevant issues to each panel over the 
course of several days. Interactive discussions ensued, 

5. Preparation of Expert Analyses. Over a periods ranging from one to four months, each panel deliberated on its 
issues. However, each panel member arrived at his/her own quantitative results, 

6. Expert Review and Discussion. At a final meeting, each expen presented his/her analysis .which, in some cases, 
resulted in members modifying their preliminary results subsequent to the meeting, 

7, Elicitation of Experts. Two analysis staff members, one trained in elicitation techniques, the other familiar with the 
technical SUbject. interviewed each expert privately. The expert's final quantitative results were documented. 

8, Aggregation of Judgments. From each expert's results, the analysis 's[aff Composed probability distributions which 
were then aggregated to produce a single composite for each issue. Each expert was equally weighted in the 
composite, 

9. Review by Experts. Each expert's probability distribution, as developed by the analysis staff from the expert's inter
view, was reviewed privately with that expert to correct any misconceptions that may have arisen. The probability 
distribution was then finalized, as was the composite, 

5.4.3.2 NUREG/CR·5381 

In NUREG/CR-5381 .• Philbin et aI. took advantage of some of the convenient combinatorial properties of the 10gnorma1 
distribution to facilitate a straightforward uncertainty analysis. NUREG/CR-5381 assessed the economic risk of cleanup 
costs resulting from non-reactor NRC licensee contamination incidents (see Section c'4). The calculational procedure 
involved three steps: estimating the frequency and cleanup cost of each accident scenario, taking their product to yield the 
~cleanup risk" (probabilistically-weighted cleanup cost) per scenario, and summing the scenario risks to yield the total 
facility risk. The uncertainty analysis paralleled these three steps, 

For both the accident frequency and cleanup cost, probability distributions were selected from the avaUable data, if possi
ble, or by expert judgment. When using historical data to obtain frequency estimates, the assumption was made that the 
number of incidents for a specified scenario followed the Poisson distribution .. This was deemed reasonable in light of the 
small number of incidents over a relatively large number of operating years and the absence of any obvious trends. The 
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Poisson point estimate incident rate was taken to be the historical rate, with two-sided 80% confidence bounds derived 
from the propenies of the Poisson distribution. 

When a calculational model was used to estimate the frequency, the uncenainty was based on expert judgment. Unless 
deemed inappropriate, the frequency distribution was taken to be lognormal with an error factor of 10. If previous 
analyses provided oruy a frequency range, the distribmion was again assumed to be lognormal, with the upper and lower 
bounds taken as the endpoints of this range. Thus, tbe point estimate (median, in this case) became their geometric mean. 
For the cleanup costs, the point ~timates were derived from historical data of calculational models. These costs were 
assumed to be lognonnally distributed with error factors of 1.25. 

Philbin et al. defended their choice of the lognonnal as a ~generically" representative probability distribution for s~ral 
reasons. The lognormal has a minimum value of zero, a realistic limit on the minimum frequency and cost, and is slrewed 
in a way which yields relatively wider error bounds on the upper than lower side. Thus, it produces an uncertainty band 
which is conservative. Also, the lognormal has two convenient combinatorial properties. The product of two lognormally 
distributed variables is lognormally distributed, while the sum can be approximated by another lognormal provided one 
variable dominates the other. 

The economic risk per accident scenario was estimated by propagating the frequency and cost uncertainties through their 
product . When both frequency and cost were lognonnally distributed, this product was also lognormal. When the fre
quency distribution was Poisson, it was approximated by a lognonnal to simplify the calculation. Each scenario thus 
resulted in an economic risk which was lognormally distributed. These were summed to yield the total economic risk per 
facility. The individual variances were summed and the resultant total economic risk was assumed to be approximately 
lognormal, a reasonable assumption if it was dominated by one scenario risk. Referring to Thbles C.4-C.8 in Section C.4, 
one can see that this assumption was generally valid for three of the five facilities (i.e., one scenario risk contributed over 
50% to the total facility risk). The final results were reported as two-sided 80% confidence bounds. 

5.4.3.3 NUREG/CR4832 

In NUREG/CR-4832, Payne generally followed an uncertainty/sensitivity calculational procedure similar to that employed 
in NUREG-1150. The major contribution was the development of a new computer code, TEMAC (Iman and 
Shortencarier 1986) to perform the final quantification of the accident sequence uncertainties via the Latin hypercube 
sampling method. The TEMAC code also calculated various risk importance measures (Vesely et al. 1983) and ranked the 
basic events by their contribution to mean core damage frequency. 

Three importance measures were estimated in NUREG/CR-4832. The first, risk reduction importance, calculates the 
decrease in the total core damage frequency which could result if a single basic event's probability were set to zero (i.e., 
the component could not fail or the event could not occur). The second, risk increase importance, calculates the increase 
in the core damage frequency which could result if a single basic event's probability were set to one (Le., the component 
would always fail or the event would always occur). The third, Wlcertainty importance, estimates the extent to which the 
uncertainty in the total core damage frequency depends upon the underlying uncertainty in a common contributor to a set 
of related basic events (e.g., a failure to actuate in aU motor-operated valves). These importance measures represent a 
combination of sensitivity with uncertainty analyses which feature some of the better aspects of each. 

5.4.4 Suggested Approach 

The value-impact portion of a regulatory analysis will often require use of an existing risk assessment for the estimation of 
some of the attributes. If the risk assessment has an uncertainty/sensitivity analysis accompanying it, the analyst sbould 
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try to adapt it for use in the value-impact analysis. Unfortunately, this is often impractical for the standard analysis since 
the analyst does not have access to the computer code and numerous data and assumptions necessary to generate the resul
tant probability distributions. 

When a detailed uncertainty/sensitivity analysis is not possible or practical, the following approach is suggested for the 
standard analysis. The standard analysis should attempt to include an uncertainty/sensitivity analysis approaching the level 
of that conducted by Philbin et al . in NUREG/CR-5381 (see Section 5.4.3.2). This analysis can be done with varying 
degrees of fonnality and rigor. First, a systematic attempt should be made to identify all of the pertinent factors (assump
tions, data, models) that could affect the results. Since the number of such factors is usually very large, not all of them 
can be treated in detail. Nevertheless, it is useful to make a systematic effort at least to identify them. As a second step, 
the list of factors should be screened to select a subset for detailed examination. The screening process should concentrate 
on eliminating unimportant factors (for example, those that are known to contribute little to the overall uncertainty or those 
that have minimal effect on the bottom line reSUlts) and reducing the list to manageable size. Typically, the screening will 
be done on the basis of judgment and experience, but more fonnal methods and calculations may be appropriate in some 
circumstances (e.g., an abridged form of the "expert elicitation~ procedure in NUREG-1150 [see Section 5.4.3. t]). The 
third step is to define a set of cases to be evaluated. The most common approach is to define a best estimate, establish a 
range of interest for each factor, and then systematically vary the factors, one or more at a time. The results are then 
expressed as a range (low value, best estimate, high value) which indicates the effect on the output of variations in the 
factors, and thus provides some insight concerning uncertainties and their effects. 

C ;, 

Uncertainty/sensitivity analysis for the cost measures is generally simpler than that for exposures. Complex accident sce
narios are not involved. Moreover, the analyst usually has a better M feel ~ for cost-related measures (e.g., labor rates, 
interest rates, and equipment costs) than for risk-related ones. Thus, such analyses require no more than the straight-
forward variation of interest rates, labor hours, contingency factors, etc. However, the analyst is cautioned that, while the ( 
calculational techniques may be simple. wide ranges can still result . 

To assist the analyst in performing uncertainty/sensitivity analyses for the standard analysis, this Handbook provides high 
and low values for selected best estimates in the evaluation of certain attributes (see, for example, Section 5.7.3.1). 
Should the analyst have access to better estimates, they should be used. In the cases where the analyst has access to a 
computerized assessment, the uncertainty/sensitivity analysis results obtainable via computer can be incorporated into the 
standard analysis. However. it is felt that more formal uncenainty/sensitivity analyses will only be practical for regulatory 
analyses requiring major efforts. 

Finally, automated uncertainty calculations using default distributions are a feature of the FORECAST computer code for 
regulatory effects cost analysis (Lopez and Sciacca 1996). Uniform, lognormal, and several user-specified probability 
distributions are options. 

5.5 Identification of Attributes 

For every value-impact analysis to be performed. those attributes that could be affected by the proposed action must be 
identified. Once identified, the attributes may be quantified using the techniques presented in Sections 5.6 and 5.7. Note 
that the subsections of this section and Section 5.7 are numbered so as to correspond to one another in their discussions of 
the attributes. This section introduces the most commonly used attributes. Most of the attributes presenled may be 
quantified in monetary terms, either directly or through use of a radiation exposure-Io-money conversion factor (see 
Section 5.7.1.2). The remaining attributes are not readily quantifiable and are treated in a more qualitative marlller. 
However, the analyst should attempt quantitative estimation whenever possible, relying on qualitative descriptions when no 
quantification is feasible. 
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Table 5.1 is a checklist for identifying affected attributes. The analyst is encouraged to use this check1ist when first deter
mining the attributes that will need to be evaluated. For each attribute listed. a check should be made if it is affected. 
Each affected attribute can then be evaluated according to the instructions included in Sections 5.6 and 5.7. 

'Thble 5.1 Checklist for identification or affected attributes 

Attribute Affected 

Public Health (Accident) 0 

Public Health (Routine) 0 

Occupational Health (Accident) 0 

Occupational Health (Routine) 0 

Offsile Propeny 0 

Onsile Propeny 0 

Industry Implementation 0 

Industry Operation 0 

NRC Implementation 0 

NRC Operation 0 

Other Government 0 

General Public 0 

Improvements in Knowledge 0 

Regulatory Efficiency 0 

Antitrust Considerations 0 

Safeguards and Security Considerations 0 

Environmental Considerations 0 

Other Considerations (Specify) 0 
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5.5.1 Public Health (Accident) 

This attribute is a value which measures expected changes in radiation exposures to the public due to changes in accident 
frequencies or accident consequences associated with the proposed action. For nuclear power plants, expected changes in 
radiation exposure should be measured over a 50-mile radius from the plant site. The appropriate distance for other types 
of licensed facilities should be determined on a case-by-case basis. In most cases, the effect of the proposed action would 
be to decrease public exposure. A decrease in public exposure (given in person-rems) assumes a positive sign. Therefore, 
this decrease multiplied by the monetary conversion factor ($/person-rem) will give a positive monetary value. 

It is possible that a proposed action could increase public exposure due to potential accidents. In this case, the increase in 
public exposure (person-rerns) assumes a negative sign. When this increase is multiplied by the monetary conversion 
factor ($/person-rem), the resulting monetary lenn is interpreted as negative. 

5.5.2 Public Health (Routine) 

This atlrihUle is a value which accounts for cbanges in radiation exposures to the public during normal facility operations 
(i.e., non-accident situations). It is expected that this attribute would not be affected as often in reactor regulatory analy
ses as in non-reactor ones. When used, this attribute would employ an actual estimate; accident probabilities are not 
involved. 

Similar to the attribute for public health (accident), a decrease in public exposure would be positive, Therefore, the prod
uct of a decrease in exposure and the monetary conversion factor (assumed to be the same factor as that for public health 
[accident)) would be taken as positive. The product of an increase in public exposure and the monetary conversion factor 
would be taken as negative. 

5.5.3 Occupational Health (Accident) 

This attribute is a value which measures health effects, both immediate and long-tenn, associated with site workers as a 
result of changes in accident frequency or accident mitigation. A decrease in worker radiological exposures is taken as 
positive; an increase in worker exposures is considered negative. 

As is the case for public exposure, the directly calculated effects of a particular action are given in person-rems. A mone
lary conversion factor must be used to convert the effect into dollars. Under current NRC policy the value to be used is 
$2000 per person-rem (see Section 5.7.1.2). This value is subjecl to future revision. 

5.5.4 Occupational Health (Routine) 

This attribute is a value which accounts for radiological exposures to workers during normal facility operations (Le., non
accident situations). For many types of proposed actions, Ihere will be an increase in worker exposures; sometimes this 
will be a ·one-time effect (e.g .• installation or modification of equipment in a hot area), and sometimes it will be an 
ongoing effect (e.g., routine surveillance or maintenance of contaminated equipment or equipment in a radiation area). 
Some actions may involve a one-time increase with an offsetting lowering of future exposures. 

This attribute represents an actual estimate of health effects; accident probabilities are not relevant. As is true of other 
types of exposures, a net decrease in worker exposures is taken as positive; a net increase in worker exposures is taken as 
negative. This exposure is also subject to the dollar per person-rem conversion ·factor (see Section 5.7.1.2). 
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5.5.5 Offsite Property 

This attribute is a value which measures the expected total monetary effects on offsite property resulting from the proposed 
action. Changes to offsite property can take various fonns, both direct (e.g" land, food. and water) and indirect (e,g., 
tourism) . This attribute is typically the product of the change in accident frequency and the property consequences 
resulting from the occurrence of an accident (e.g., costs of interdiction measures such as decontamination, cleanup. and 
evacuation). A reduction in offsite property damage is taken as positive; an increase in offsite property damage is 
considered negative. 

5.5.6 Onsite Property 

This attribute is an impact which measures the expected monetary effects on·ansite property, including replacement power 
(specifically for power reactors), decontamination, and refurbishment costs, from .the proposed action. This attribute is 
typically the product of the cbange in accident frequency and the onsite propeny consequences given that an accident were 
to occur. A reduction in expected onsite property damage is taken as positive; an increase in onsite propeny damage is 
considered negative. Particular care should be taken in estimating dollar savings associated with this attribute because 
1) values for this attribute are difficult to accurately estimate, and 2) estimated values can potentially significantly 
outweigh other values and impacts associated with an alternative. 

5.5.7 Industry Implementation 

This attribute is an impact which accounts for the projected net economic effect on the affected licensees to install or 
implement mandated cbanges. Costs will include procedural and administrative activities, equipment, labor, materials, 
and shutdown costs, including the cost of replacement power in the case of power reactors (see Section 5.7.7.1), as 
appropriate; Additional costs above the starus quo are considered negative; cost savings would be considered positive. 

This attribute. and the following five, reflect actual estimated costs; accident probabilities are not involved. In this regard, 
these attributes are measured very differently from those associated with accident-related health effects and onsite and 
offsite property. 

5.5.8 Industry Operation 

This attribute is an impact which measures the projected net economic effect due to routine and recurring activities 
required by the proposed action on all affected licensees. If applicable, replacement power costs (power reactors only) 
directly attributable to the proposed action will be included. Additional costs above the starus quo are taken to be negative; 
cost savings are taken to be positive. 

Costs fa1ling in this category, and those associated with NRC operational considerations, generally occur over long periods 
of time (the facility lifetime). These costs are particularly sensitive to the discount factor used. 

5.5.9 NRC Implementation 

This attribute is an impact which measures the projected net economic effect on the NRC to place the proposed action into 
operation. Costs already incurred, including all pre-decisional activities performed by the NRC, are viewed as MsunkW 

costs and are not to be included. Additional costs above the status quo are taken to be negative; cost savings are taken to 
be positive. 
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The NRC may seek compensation (e.g., license fees) from affected licensees to provide needed services; any 
compensation received should not be subtracted from the cost to the NRC because the NRC is the entity consuming real 
resources (e.g., labor and capital) to meet its responsibilities. Any fees provided by licensees are viewed as transfer 
payments, and as such are not real costs from a societal perspective. 

5.5.10 NRC Operation 

This attribute is an impact which measures the projected net economic effect on the NRC after the proposed action is 
implemented. Additional inspection, evaluation, or enforcement activities would be examples of such costs. Additional 
costs above the status quo are taken to be negative; cost savings are taken to be positive. As with indusny operation costs, 
NRC operation costs generally occur over long periods of time and are sensitive to the assumed discount factor. 

Here 100, the NRC may seek compensation from the licensee to provide needed services; any compensation received 
should not be subtracted from the cost to the NRC. 

5.5.11 Other Government 

This attribute is an impact which measures the net economic effect of the proposed action on the federal government (other 
than the NRC) and state and local governments resulting from the action's implementation or operation. Additional costs 
above the status quo are taken to be negative; cost savings are taken to be positive. 

This attribute will be affected less often tban some attributes. but can be material in certain types of actions (e.g .• changes 

( 

to offsite emergency planning, provision of offsite services, and new requirements affecting Agreement States). The ( " 
government entities may seek compensation from the licensee to provide the needed services; any compensation received . 
should not be subtracted from the cost to the government units. 

5.5.12 General Public 

This attribute is an impact which accounts for direct, out-of-pocket costs paid by members of the general public as a result 
of implementation or operation of a proposed action. Examples of these costs could include items such as increased 
cleaning costs due to dust and construction-related pollutants. property value losses due to the action, or inconveniences 
(e.g. , testing of evacuation sirens). Increases in costs from the status quo are taken to be negative; decreases in costs from 
the status quo are taken as positive. 

This attribute is not related to the attribute associated with offsite property losses due to accidents. The general public 
attribute measures real costs that will be paid due to implementation of the proposed action, subject to the uncertainties 
involved in estimation. These costs exclude taxes as they are simply transfer payments with no real resource commitment 
from a societal perspective. Any costs which are reimbursed by the applicant or licensee should be accounted for here and 
not duplicated under industry costs. 

5.5.13 Improvements in Knowledge 

This attribute accounts for the potential value of new infonnalion. especially from assessments of the safety of licensee 
activities. Some NRC actions have as their goal the improvement in the state of knowledge for such factors as accident 
probabilities or consequences, with an ultimate objective of facilitating safety enhancement or reduction in uncertainty. 

Quantitative measurement of improvements in knowledge depends largely on the type of action being investigated. The 
value of assessments directed at a fairly narrow problem (e.g., reducing the failure rate of a particular component) may be 
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quantifiable in terms of safety or monetary equivalent. If this is the case, such values and impacts should be treated by 
other attributes and not included under this attribute. On the other hand, if potential values from the assessments are diffi
cult to identify or are otherwise not easily quantified, then they should be addressed under this attribute. 

5.5.14 Regulatory Efficiency 

This attribute attempts to measure regulatory and compliance improvements resulting from the proposed action. These 
may include changes in industry reporting requirements and the NRC's inspection and review efforts, Achieving consis~ 
{ency with international standards groups may also improve regulatory efficiency for both the NRC and the groups. This 
auribute is qualitative in nature. 

In some instances, changes in regulatory efficiency may be quantifiable, in which case the improvements should be 
accounted for under other attributes, such as NRC implementation or industry operation, Regulatory efficiency actions 
that are not quantifiable should be addressed under this attribute. 

5.5.15 Antitrust Considerations 

The NRC has a legislative mandate under the Atomic Energy Act to uphold U,S, antitrust laws, This qualitative attribute 
is included to account for antitrust considerations for those proposed actions that have the potential to allow violation of the 
antitrust laws, 

If antitrust considerations are involved, and it is determined that antitrust laws could be violated, then the proposed action 
must be reconsidered and, if necessary, redefined to preclude such violation. If antitrust laws would not be violated, then 
evaluation of the action may proceed based on other attributes. The decision as to whether antitrust laws could be violated 
must rely on a criterion of reasonable likelihood, since it is difficult to 'anticipate the consequences of a regulatory action 
with absolute certainty. 

5.5.16 Safeguards and Security Considerations 

The NRC ~as a legislative mandate to mainlain the common defense and security and to protect and safeguard national 
security information in its regulatory actions. This attribute includes such considerations. 

In applying this attribute, it must be determined whether the ·existing level of safeguards and s~curity is adequate and what 
effect the proposed action has on achieving an adequate level of safeguards and security. If the effect of the proposed 
action on safeguards and security is quantifiable, then this effect should be included among the quantitative attributes. 
Otherwise the contribution of the action will be evaluated in a qualitative ~ and treated under this attribute. 

5.5.17 Environmental Considerations 

Section 102(2) of the National Environmental Policy Act (NEPA) requires federal agencies to take various steps to 
enhance environmental decision·making. NRC's procedures for implementing NEPA are set forth in 10 CFR Part 51. 
Many of the NRC's regulatory actions are handled through use of a generic or programmatic environmental impact state
ment (EIS), environmental assessment (EA), or categorical exclusion. If these vehicles are used, no further consideration 
is required in a regulatory analysis covering the same subject matter as the environmental document, although a summary 
of the most salient results of the environmental analysis should be included. Otherwise, an evaluation of the action with 
respect [0 its impact on the environment is required. Such an evaluation is usually handled separately from the value~ 
impact analysis described in this Handbook. It could be the case that mitigation or other measures resulting from the 
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environmental review may result in cost increases that should be accounted for in the regulatory analysis. Alternatives 
examined in an EIS or EA should correspond as closely as possible to the alternatives examined in the corresponding 
regulatory analysis. 

5.5.18 Other Considerations 

The above set of attributes is believed to be reasonably comprehensive for most value-impact analyses. It is recognized 
that any particular analysis may also identify attributes unique to itself. Any such attributes should be appropriately 
described and factored into the analysis. 

5.6 Quantification of Change in Accident Frequency 

As expressed in this Handbook, rhe tenn "accident" should be viewed generally as an unplanned occurrence which 
potentially releases radioactive materials, applicable to both power reactor and non-reactor facilities. Discussions in this 
section assume familiarity with the concepts of risk as related to rhe nuclear industry, as well as knowledge of event- and 
fault-tree tenninology. The reader unfamiliar with these conceptS or in need of review is directed to existing risk 
assessments or such standard references as the PRA Procedures Guide (NRC 1983a) and the Fault Tree Handbook 
(Vesely et al. 1981). The NRC formally endorsed the use of PRA methods in nuclear regulatory activities with its 
issuance of a Final Policy Statement in 1995 (NRC 1995b). The Policy Statement includes four elements, the first of 
which states that 

The use of PRA technology should be increased in all regulatory matters to the extent supported by the state-of
the-art in PRA methods and data and in a manner that complements the NRC's detenninistic approach and 
supports the NRC's traditional defense-in-depth philosophy. 

SECY-95-079 contains a status update of NRC's PRA implementation plan. SECY-95-280 contains a framework for 
applying PRA in reactor regulation. As noted in Section 3, as this version of the Handbook was being completed a 
number of NRC staff activities were underway which relate to PRA use in NRC regulatory activities. These include 

• completion of the staff's review of licensee-submitted IPEs 

• evaluation of these IPEs for potential use in other regulatory activities, documented in a draft repOl1 to be publisbed as 
NUREG·1560 (NRC 1996b) 

• development of guidance on the use of PRA in plant-specific requests for license cbanges, including regulatory guides 
for use by licensees in preparing applications for changes and standard review plans for use by the NRC staff in 
reviewing proposed changes. 

These activities should result in a more consistent and technically justified application of PRA in NRC's regulatory 
process. In particular, draft NUREG-1560 contains a detailed and explicit description of acceptable attributes of a quality 
PRA. The activities, along with staff work planned for FY 1997 to initiate improvements to the economic models now 
used in NRC's offsite consequence analyses (e.g., the MACCS code), should have a significant impact on the PRA-related 
portions of this Handbook. Consequently, the discussion in this Handbook on the use of PRA and offsite consequence 
estimates should be viewed as interim guidance that may be relied upon until the Handbook is updated to accommodate the 
NRC's new position on these regulatory issues. The staff expect to initiate this update as the preceding PRA guidance 
nears completion. 
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Estimates of the change in accident frequency resulting from a proposed NRC action are based on the effects of the action 
on appropriate parameters in the accident "equation."m Examples of these parameters might be system or component 
failure probabilities, including those for the facility's containment structure. The estimation process involves two steps: 
1) identification of the parameters affected by a proposed NRC action (see Section 5.6.1); and 2) estimation of the values 
of these affected parameters before and after the implementation of the action (see Section 5.6.2) . 

The parameter values are substituted in the accident equation to yield the base- and adjusted-case accident sequence 
frequencies. The sum of their differences is the reduction in accident frequency due to the proposed NRC "action. 

The process can be viewed as follows. The frequency for accident sequence ij is(3) 

where M Yk = the frequency of minimal cut set k for ~ident sequence i initiated by event j. 

A minimal cut set represents a unique combination of occurrences at lower levels in a structural bieran:hy (e.g., compo
nent failures in power reactor systems) which produces an overall occurrence (e.g .• reactor core damage) at a higher level. 
It takes the fonn of a product of these lower level occurrences. The affected parameters comprise one or more of the mul
tiplicative terms in the minimal cut sets. Thus, the reduction in accident sequence ij's frequency is· 

loF, • [(F,,)_ - (F.) ..... ] 

= ~ [(M~\... - (M .. ) ..... ] 
The reduction in accident frequency is the sum of the reductions for each affected accident sequence: 

loF = E E loF. 
, J 

Note that a negative reduction represents an increase in accident frequency from the base to the adjusted case (i.e., an 
increase resulting from the proposed action). 

5.6.1 Identification of Affected PArameters 

The level of effort required to identify the parameters affected by implementation of an action depends primarily on the 
availability of one or more existing power reactor or non-reactor risk/reliability studies which include those parameters. 
For nuclear power plants. Table 5.2 provides a list of risk studies. The following characteristics are included. as 
available: 

• plant type (BWRlPWR and vendor) • external events inclusion (yes/no) 

• year of commercial operation • program under which performed (if any) 

• level of risk/reliability analysis(·) • report reference 
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Thble S.2 Nuclear power plants risk assessments 

'''" 
...,,.. 

""""" ... ot Typo Commerdal Wd" Events? """~ Rd'ermcu 

Brunswick-112 GE BWRs 1977n5 No h~ustry April 1988 
Reviewed NUREGfCR-!546!5 

November 1989 

Grand Gulf-I GEBWR 1983 3 No NUREG-II!50 NUREGfCR-4S!50, V.6, 
September 1989 
Brown el aI . 1990 

Indian Poinl-2 WPWR '07' 3 Yo, Industry PASNY 1982 
NRC Repon NUREGfCR-141O and 1411. 

August 1980 
Reviewed NUREGfCR-2934, 

December 1982 
Reviewed NUREG/CR..()8!50, 

November 1981 

LaSalle GEBWR 1984 3 y" Industry Call el aI. 1985 
Counly-I RMIEP.NRC NUREG/CR-4832, 

1992 and 1993 

Peach GEBWR '07' 3 Yo, NUREG-l1!50 NUREG/CR-4!5!50, VA, 
BolIDm-2 ·Augusl 1989 
(Also train level) Payne el al. 1990 

Sequoyah-I WPWR 1981 3 No NUREG-11!50 NUREG/CR-45!50, V.5, 
April 1990 
Gregory et a1. 1990 

Surry-I WPWR '072 3 y" NUREG-1I50 NUREGfCR-4550, V3, 
April 1990 
Breeding el aI. 1990 

Zion-I WPWR '073 3 No NUREG-IISO NUREG/CR-4550, V.7, 
May 1990 
Parkelal.l990 

AP-600 WPWR • • Reviewed ~ NRC 1993 

CESAR CEPWR • • Reviewed by NRC 1992 
System 80+ 

• Advanced reaclOr designs 

In addition to the studies shown in Table 5.2, IPE reports covering vulnerabilities to severe accidents and IPEEE reports 
can serve as additional references. Generic Letter 88-20, issued in November 1988. required all holders of nuclear power 
plant operating licenses and construction permits 00 prepare IPE reports. Supplement 4 to General Letter 88-20, issued in 
July 1991, required these licensees to prepare IPEEE reports. IPE and IPEEE reports are available through the NRC 
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Public Document Room. The status of the IPE and IPEEE programs is discussed in SECY-96-S1 (NRC 1996a) and draft 
NUREG-1S60 (NRC 1996b). NRC staff prepare an evaluation report documenting staff conclusions on each IPE and 
IPEEE report submitted to NRC (NRC 1996a). 

When evaluating generic power reactor issues, where many types of plants may be affected, the five risk assessments per
formed as part of the NUREG-llSO program (NRC 1991) are particularly useful. One of the primary objectives of that 
program was to "provide a set of (risk assessment) models and results that can support the ongoing prioritization of poten
tial safety issues and related research ft (NRC 1991). As such, these provide a valuable resource for both quantitative and 
qualitative infonnation on a set of five commercial nuclear power plants of different design. 

Several computer codes containing reactor risk assessment information are also available which can be used to support 
regulatory analyses. Particularly well suited 10 this type of analysis is the System Analysis and Risk Assessment (SARA) 
code (Stewart et al. 1989), which contains the dominant accident sequences and cut sets for each of the NUREG-lISO 
plants. The Integrated Reliability and Risk Analysis System (IRRAS [Russell and Sattison 1988]) is an integrated risk 
assessment software tool. Using this code, the analyst can create and analyze custom-made fault trees and event trees 
using a microcomputer. 

In addition to these assessments of total plant risk/reliability, some studies focus on specific systems, accident initiators, or 
accident sequences. For certain actions, such specialized studies may be more appropriate for identifying affected parame
ters than the various plant-wide assessments. 

While risk/reliability assessments have been performed for selected non-reactor facilities, these are generally much less 
comprehensive than their power reactor counterparts. Available data for accident frequencies at non-reactor facilities have 
been assembled into composite lists in Section C.2. 1.1 . They may be used as presented to identify affected parameters in 
a non-reactor accident equation, or as guides 10 the more detailed assessments from which they have been extracted. 

Additional information sources for non-reactor facility accidents may be found among the numerous Safety Analysis 
Reports conducted for U.S. Department of Energy (DOE) fuel-cycle facilities. For example, the DOE's Savannah River 
Site has roughly 30 such reports for fuel fabrication, chemical separation, research laboratories, analytical laboratories, 
wasle handling, irradiated fuel stornge, and radioactive material transportation. 

At the simplest level, the standard analysis assumes that appropriate risk/reliability studies from which the affected 
parameters are easily identified are readily available. For example, all currently available reactor risk/reliability studies 
include accident sequences involving loss of emergency AC power. If the minimal cut sets used in the analytical modeling 
of these sequences contain parameters appropriate to an action related to loss of emergency AC power, then these 
risk/reliability studies (supplemented by any new studies published subsequent to this Handbook) would be appropriate for 
use in the standard analysis. The affected parameters can be readily identified, and the estimation of changes in accident 
frequency can proceed to the next step (parameter value estimation). Similarly, a major fire accident scenario has been 
investigated for most non-reactor facilities (see Section C.2.I.I). If a proposed action relates to reducing the fire potential 
at one or more types of non-reactor facilities, then these risk/reliability studies (supplemented by any new studies 
published subsequent to this Handbook) would be appropriate for use in the standard analysis. A useful source of data for 
non-standard events at non-reactor facilities is that maintained at DOE's Savannah River Site (Durant et al. 1988). 

At a more detailed level, but still within the scope of a standard analysis, the identification of affected paramelers may 
require more than direct use of existing risk/reliability studies. Existing studies may need to be modified without sacrific
ing their analytical consistency. The effort may involve performing an expanded or independent analysis of the accident 
sequences associated with an action, using previous studies only as a guideline, or several existing risk/reliability studies 
may be combined to form some ncomposite~ study more applicable to a generic action. 
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Beyond the standard analysis lies the major effort, where identification of affected parameters requires the type of analysis 
associated with a much greater level of detail and, most likely, a significantly expanded scope. Typical of major efforts 
are NRC programs related to unresolved power reactor safety issues. Such programs tend to be multi-year tasks con
ducted by one or more NRC contractors. Clearly, the expected degree of detail and quality of analysis made possible 
through a major effort to identify affected parameters should be ~state-of-the-art,· significantly bener than could be 
obtained from the standard effort. 

5.6.2 Estimation of Affected Parameter Values 

Presumably, the analyst has identified the parameters affected by action implementation. (If not, it is still possible to esti
mate changes in accident frequencies through expert opinion, discussed as part of the standard analysis.) The next step is 
to estimate the base- and adjusted-case frequencies/likelihoods of the affected parameters, which are then used to estimate 
the base- and adjusted-case total accident sequence frequencies. The sum of the differences between the base and adjusted 
cases is the reduction in accident frequency resulting from the action (a negative reduction is an increase). 

At the simplest level, the standard ana1ysis assumes that frequenciesllikelihoods for affected parameters are readily availa
ble or can be derived easily. The most convenient sources of data are the existing risk/reliability assessments; these pro
vide parameter frequencies/likelihoods in forms appropriate for accident frequency ca1culations (e.g., frequencies for 
initiators and unavailabilities or demand failure probabilities for subsequent system/component failures). 

For power reactors, NUREG/CR-4639 (Gertman et al . 1988) provides a Nuclear Computerized Library for Assessing 
Reactor Reliability (NUCLARR). Glher data sources are available, including the Nuclear Plant Reliability Data System 

( 

(NkPRDS);(S) and the LERs. Th~le maYfai0.r may not repofort data in the forms directly appli~lblbelasfparamDeter freqduePencikins~1 ( .. 
Ii elihoods. For non-reactor faCI ities, lure rate data r non-reactor components are aVaJ a e rom exter an r 
(1982), Wilkinson et al. (1991), and Blanton and Eide (1993). 

The derivation of frequencies/likelihoods from available dala should require no more than standard statistical ana1ysis tech
niques. In addition to statistics textbooks, other sources provide methods for deriving failure rates and probabilities more 
specifically for use in risk/reliability analyses. McCormick (1981) is a standard reference of this type. If derivation 
requires more detailed modeling, the analyst should consider the possibility of estimating frequencies/likelihoods through 
expert opinion. A formalized procedure like the Delphi technique may yield adequate estimates (Da1key and Helmer 
1963; Humphress and Lewis 1982). Also recommended are the "Formal Procedures for Elicitation of Expert Judgment, " 
employed in the NUREG-1150 analyses (NRC 1991) and reviewed in Section 5.4.3.1. 

Earlier, it was mentioned that an analyst unable to identify affected parameters for an action can still estimate changes in 
accident frequency. This removes the need for propagating the effect of change in individual risk parameters through the 
risk equation to obtain the accident frequency. It involves expert judgment of changes in accident frequency based on the 
total core-melt frequency of a representative nuclear power plant (although less applicable to the total radioactive release 
frequency for a non-reactor facility, see below). A: formalized procedure like the Delphi method could be used to provide 
an overall consensus from expert estimates of percent changes in total accident frequency due to action implementation. 
However, caution is advised, since direct estimation, as compared to more detailed calculations, can result in inaccurate 
estimates. 

Because of the nature of the radioactive material, its multiple locations, and near inconceivability of an ~ident capable of 
releasing the total inventory (except, possibly, an "external event"), estimating the frequency of total radioactive release 
from a non-reactor facility by expert judgment is difficult. It would be more realistic to use the experts to estimate fre
quencies for individual release locations and initiators. 
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Expert opinion may also play a prime role in estimating adjusted-case parameter values. Typically, existing data are 
applied to yield base-case values, leaving only engineering judgment for arriving at adjusted-case values. Consensus can 
reduce uncertainties, and the magnitudes of parameter values normally encountered in risk/reliability studies can serve as 
rough guidelines. 

At a more detailed level , but still within the scope of a standard analysis, the analyst would be expected to conduct reason
ably detailed statistical modeling or extensive data compilation when frequenciesf1ikelihoods for affected parameters are 
not readily available. While· existing risk/reliability assessments may provide some data for use in statistical modeling, the 
level of detail required would normally be greater than they could provide. Statistical modeling may use stochastic simula
tion methods and may also involve relatively basic statistical analysis techniques using extensive data. 

Beyond the standani analysis lies the major effort, where estimation of affected parameter values requires much greater 
detail and a significantly expanded scope. When frequencies/likelihoods are unavailable for affected parameters, a major 
analytical effort is required. The analyst may need to develop specialized statistical models or possibly seek experimental 
data. On the other hand, data may be so abundant as to require extensive statistical analysis to produce a more workable 
base. Typically, both detailed statistical modeling and extensive data compilation will be required as part of a major 
effort. ·State-of-the-art" data analysis techniques should be employed. 

Estimation of adjusted-case affected parameter values should involve more than just expert opinion for a major effort. 
Engineering judgment can be incorporated into an overall framework, but this framework should be analytical, not 
judgmental. If the need for expert opinion proves inevitable, only a rigorous application of the Delphi or other such 
methods will suffice for a major effort . 

5.6.3 Change in Accident Frequency 

The change in accident frequency is a key factor for several of the value-impact analysis attributes. Having identified base
and adjusted-case values for the parameters in the plant risk equation affected by the proposed regulatory action, the ana

lyst proceeds to calculate the reduction in accident frequency as the sum of the differences between the base- and adjusted
case values for all affected accident sequences. Section 5.6 presented this calculation in the format of an equation. 
Reduction in accident frequency is algebraically positive; increase is negative (viewed as a negative reduction). 

An error factor(6) of at least five (typical for a 90% confidence level) on the best estimate of the reduction in total acci-
dent frequency may be used to estimate high and low values for the sensitivity calculations in a standard analysis for pcnver 
reactor facilities. If no better information is available, higher error factors (at least to) can be assumed for non-reactor 
standard analyses. Ifbeuer values are known (e.g., error factors from the specific risk assessment being used), they 
should be employed. Rigorously derived error factors via computer simulation would be appropriate for a major analysis 
beyond the standard scope. 

NUREGfCR-2800 (Andrews et al. 1983) provides a useful conceptual discussion on the calculation of change in core-melt 
accident frequency for power reactors, along with detailed examples. Such calculations would be typical of what is 
expected to be appropriate in the standard value-impact analysis portion of a regulatory analysis. 

The FORECAST computer code for regulatory effects cost analysis (Lopez anq Sciacca 1996) allows input for the change 
in accident frequency. 
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5.7 Quantification of Attributes 

The following sections provide specific guidance in estimating the values of each attribute. However, before looking at 
specific attributes, there are several generic concepts that need to be explored. 

Value and impact estimates are perfonned relative to a baselQIe case, which is typically the no-action alternative. In estab
lishing the baseline case, an assumption should be made that all existing NRC and Agreement State requirements and 
written licensee commitments are already being implemented and that values and impacts associated with these require
ments are not part of the incremental estimates prepared for the regulatory analysis. Similarly, the effects of formally 
proposed concurrent regulatory actions that are viewed as having a high likelihood of implementation need to be 
incorporated into the baseline before calculating lhe incremental consequences of the regulatory action under 
consideration. 

The treatment of voluntary incentives on lhe part of industry also bas important implications on the baseline and therefore, 
the incremental consequences of the proposed action. Section 4.3 of the NRC Guidelines discusses lhe treatment of 
voluntary activities by affected licensees when establishing a baseline reference. Basically, analysts should give no credit 
for voluntary actions in making base case estimates. However, for-completeness and sensitivity analysis purposes, lhe 
analyst should also display results with credit being given for voluntary actions by licensees. 

Section 4.3 of the NRC Guidelines requires lhe use of best estimates. Often these are evaluated in terms of the mean or 
"expected value, " the product of the probability of some event occurring and the consequences which would occur assum
ing the event actually happens. Sometimes, measures other lhan the expected value may be appropriate, such as the 
median or even a point estimate. However, lhe expected value is generally preferred. 

There are four attributes used in value-impact analysis for which expected value is normally calculated: public heallh (acci
dent), occupational health (accident), offsite property, and onsite property. All four of these auributes usually rely on esti
mation of the change in probability of occurrence of an accident as a result of implementation of the proposed action. 
(Changes in the consequence of lhe accident [i.e., dose or cost] would also affect these attributes.) 

Four attributes involve radiation exposure: 1) public health (accident), 2) public health (routine), 3) occupational heallh 
(accident), and 4) occupational health (routine). In quantifying each measure, the analyst should assess the reduction (or 
risk averted) relative to the existing condition. For accident-related exposures, the measure will be probabilistically 
weighted (Le., the potential consequence is multiplied by its probability of occurrence).{7) The non-accident terms (e.g., 
routine occupational exposure) are given in terms of annual expected effect. 80lh types of terms would be integrated over 
lhe lifetime of the affected facilities to show the total effect. Each of the attributes involving radiation exposure can be 
characterized in terms of person-rerns, either averted by or resulting from implementation of the proposed action. 

The four attributes associated with radiation ex.posure require a person-rem-to-dollars conversion factor to be ex.pressed 
monetarily (see Section 5.7.1.2). The remaining quantitative attributes are nonnally quantified monetarily in a direct 
manner. When quantified monetarily, attributes should be discounted to present value (see Section B.2 for a discussion of 
discounting techniques). This operation involves an assumption regarding the remaining lifetime of a facility. If 
appropriate, the effect of license renewal should be included in the facility lifetime estimate (see Section 4.3 of the 
Guidelines). The total dollar figures capture both the number of facilities involved (in the case of generic rulemaking) and 
the economic lifetime of the affected facilities. 
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Based on OMB's guidance in Circu1ar A·94, Section 4.3.3 of the Guidelines requires that a 7% real (i.e., inflation· 
adjusted) discount rate be used for a best estimate. For sensitivity an~ysis, the Guidelines recommend a 3 % discount rate. 
However, for certain regulatory actions involving a timeframe exceeding 100 years (e.g., decommissioning and waste dis· 
posal issues), Section 4.3.3 of the Guidelines stipulates the following; 

... [T]be regulatory analysis should display results to the decision·maker in two ways. First, on a present worth 
basis using a 3 percent real rate, and second, by displaying the values and impacts at the time in which they are 

. incurred with no present worth conversion. In this latter case, no calculation of the resulting net value ... should 
be made. 

MQualitativeM attributes do not lend themselves to quantification. To the degree to which the considerations associated with 
these attributes can be quantified, they should be; the quantification should be documented, preferably under one or more 
of the quantitative attributes. However, if the consideration does not lend itself to any level of quantification, then its 
treatment should take the form of a qualitative evaluation in which the analyst describes as clearly and concisely as possi
ble the precise effect of the proposed action. 

1b estimate values for the accident-related attributes in a regulatory analysis, the analyst ideally can draw from detailed 
risk/reliability assessments or statistically-based analyses. Numerous sources exist for power rellctor applications (e.g., 
see Section 5.6). To a lesser extent, Sections C.3-C.6 and C; 10 provide similar data for non-reactor applications. Most 
regulatory analyses for power reactor facilities are based on detailed risk/reliability assessments or equivalent statistically 
based analyses. 

However, the analyst will sometimes find limited factual data or infonnation sufficiently applicable only for providing a 
quantitative perspective, possibly requiring extrapolation. These may often involve non-reactor licensees since detailed 
risk/reliability assessments and/or statistically-based analyses are less available than for power reactor licensees. Two 
examples illustrate this type of quantitative evaluation. 

In 1992, the NRC performed a regulatory analysis for the adoption of a proposed rule (57 FR 56287; November 27, 1992) 
concerning air gaps to avert radiation exposure resulting from NRC-licensed users of industrial gauges. The NRC found 
insufficient data to determine the averted radiation exposure. To estimate the reduction in radiation exposure should the 
rule be adopted, the NRC proceeded as follows. The NRC assumed a source strength of one curie for a device with a 
large air gap, which produces 1.3 remlhr at a distance of 20 inches from a Cs-137 source. Assuming half this dose rate 
would be produced, on average, in the air gap, and that a worker is within the air gap for four hours annually, the NRC 
estimated the worker would receive 2.6 rem/yr. The NRC estimated that adopting the proposed air-gap rule would be 
cost-effective if 347 person-rem/yr were saved. At the estimated. average savings of 2.6 person-rem/yr for each gauge 
licensee, incidents involving at least 133 gauges would have to be eliminated. Given the roughly 3,000 gauges currently 
used by these licensees, the proposed rule would only have to reduce the incident rate by roughly 4%, a value the NRC 
believed to be easily achievable. As a result. the NRC staff recommended adoption of the air-gap rule. 

In 1992, the NRC responded to a petition from General Electric (GE) and Westinghouse for a rulemaking to allow self
guarantee as an additional means for compliance with decommissioning regulations. An NRC contractor estimated the 
default risks of various types of financial assurance mechanisms, including the proposed self-guarantee. The contractor 
had to collect data on failure rates both of finns of different sizes and of banks, savings and loans, and other suppliers of 
·financial assurance mechanisms. The contractor estimated a default risk of 0.13% annually for the GE-Westinghouse 
proposal, with a maximum default risk of only 0.055% annually for third-party guarantors, specifically a small savings 
and loan issuing a letter of credit. Based on these findings, the NRC initiated a proposed rulemaking which would allow 
self-guarantee for certain licensees. The final rule was issued December 29, 1993 (58 FR 68726). 

Additional examples of this more limited type of quantitative approach to estimation can be found in Sections C.8 and C.9. 
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5.7.1 Public Health (Accident) 

Evaluating the effect on public health from a change in accident frequency due to proposed regulatory actions is a multi
step process. For each affected facility, the analyst first estimates the change in the public health (accident) risk associated 
with the action and reports this as person-rem avoided exposure. Requction in public risk is algebraically positive; 
increase is negative (viewed as a negative reduction). Next the analyst converts person-rerns to their monetary equivalent 
(dollars) and discounts to present value. Finally, the analyst totals the change in public health (accident) as expressed in 
discounted dollars over all affected facilities. 

The steps are as follows: 

1. Estimate reduction in accident frequency per facility (see Section 5.6). 

2. Estimate reduction in public health (accident) risk per facility (see Section 5.7.1.1). 

3. Convert value of public health (accident) risk avoided (person-rerns) per facility to monetary equivalent (dollars) via 
monetary valuation of health effects (see Section 5.1.1.2). 

where ZPKA = monetary value of public health (accident) risk avoided per facility-year before discounting ($/facility
year) 

DPA = avoided public dose per facility-year (person-rem/facility-year) 
R = monetary equivalent of unit dose ($/person-rem). 

4. Discount to present value per facility (dollars) (see Section 5.7.1.3). 

5. Tola! over all affected facili ties (dollars). 

where V pHA 

W .. , 
N 

---

VPHA 0:: NWPHA 

discounted monetary value of public health (accident) risk avoided for all affected facilities ($) 
monetary value of public health (accident) risk avoided per facility after discounting ($/facility) 
number of affected facilities. 

If individual facility values rather than generic values are used, the formulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.1.1 Fstimation of Accident-Related Healtb Eft'ects 

The results of the formulations given in Section 5.6 are reductions in accident frequency. These form the first ponion of 
the public health (accident) risk estimate. For the standard analysis, the analyst would employ data developed in existing 
risk srudies which include offsite effects, if possible. Sucb studies provide population dose factors that can be applied to 
accident release categories to yield dose estimates as follows: 
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[ 
.. 1 [PopulatiOn Dose 1 Reducuon m Release F t r for Release 

Category Frequency x ac °c I 
( IfacT) aegory 

. events l11y-yr (person-rem/event) 

If the risk assessment being used by the analyst to estimate public health (accident) employs its own unique accident 
release categories with corresponding population dose factors, then these should be used. Otherwise, population dose fac
tors should be based on Thble 5.3 (see Appendix B.4 for development of this table). For non-reactor accidents, population 
dose factors for accident scenarios at selected facilities have been assembled into composite lists in Section C.2.1.2. An 
error factor of at least five is considered appropriate for use in sensitivity studies. 

Thble 5.3 Expected popUlation doses for power reactor release categories 

Plant Ro._ Accidtnt Pro&rusion Charac:teristl.cs I'tlpulaUon Dose 

1)" Category CFTim, PDS SPBypus RB Cct CFMode 
Th,," "Lo", 

B' .... (l'trson-Rem) n~ 

RSUR. CfatVB 
. 

Rupru~ 6.15E+6 63 

RSUR2 Late CF LOSP Look 2.30E+6 88 

RSUR3 NoCF 
Dry 

NoCF 2.50E+2 67 

RSUR. Bypass Bypass BY(lisS 4.29E+6 80 

RZI CfatVB Shallow Ruptu~ 5.77E+6 6' 

RZ2 to""P LOCA !.uk 1.3IE+5 38 
No< FIoodot 

PWR RZ3 NoCF 
Applicable 

NoCP 3.3IE+2 67 

RZ4 Bypass Bypass Dry Bypass 4.80E+6 76 

RSEQI CFdurCD 1.31£+7 ,. 
LOSP Dry CalRup 

RSEQ> CFatVB 5.77E+6 56 

RSEQ3 Late CP Ruptu~ 1.33£+5 42 
LOCA Floodot 

RSEQ4 NoCF NoCP 4.06£+2 7t 

RSEQ5 Bypass Bypass Dry Bypass 4.94E+6 76 

BWR RPBI LOSP 5.25E+6 
CfatVB EadylLate Sm/None DWMm 8. 

RPB2 5.32£+6 
ATWS Dry 

RPB3 CPdurCD No~ WWvent 3.26B+6 8' 
RPB4 Lale CP Early/Late 

... ~, 
DWrup 1.13B+6 92 

RPB' NoCP LOSP NOM SmlNone Shallow NoCF 8.27B+3 

RPB6 CfatVB EadylLate to~, 
62 

Dry DWMm l.lIE+7 

RLASI CFdurCD Thm EarlylLate SmlNone Dry WWawrup 5.25B+6 8. 
RLAS2 WWaw-lk 3.2tE+6 81 

CFatVB Shallow 
RLAS3 DWrup 4.66B+6 82 

RLAS4 CFdurCD Dry 5.92E+6 73 
WWvent 

RLAS' SmlNone Shallow 1.75E+6 82 
Late CP 

RLAS6 to~, Dry CF-Ped 4.18E+6 73 
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Table 5.3 (Continued) 

Piant IW .... 
Accident Progression Character1stlcs I'IJpulatiOD Dose 

Typo Catelory CF11me PDS SP Bypass RB 
CCI CFMode 

....... , % ..... 
B,.... (Ptnoo-Rem) .... = 

BWR RLAS? NoCF Thm None Sm/None Shallow No CF 3.33E+2 ., 
RGO' CFaIVB Early/Late 5.17E+6 " RGG2 CFdurCD None Flood'" 2.74E+6 90 

ROG' taft CF STSB Late Only ...... Rupture 
2.3SE+6 lID 

RG<J4 CFdurCD Early/Late 2 .70E+6 93 
NoCCI 

ROGS NoCF N,~ NoCF 1.18E + 2 " NaIt: Tbt 1nI!laU RSUR . RZ, I nd II.SEQ refor., suny. Zloft, '" s."",)'lh rdcaK""letoriu fapetllvely fDlkIwod by Iho .. ltao. ClIeIOl)' ......... r. 
Tbt InIrlo" II.PB, II.LAS,'" ROO rdr '" IUch BotIOm. l.aSaIl . .... Grand Gull .. leau CIIOplloJ r"'P"'rlvoly Ii:lllowod by "'" .. leaK CItetor)' ........... 

"'" CF T1rne - CONIlnmonr fii l .... (CP II..,.) 
CParVB - CF II ..... W bteacb (VB) 

CN orCO - CF durl~ c:c>U.w..,. (bdDn: VB. if ~ OOCIIII) 

c..c' - CF dunna c:c>U -.unclon ilJmtclkrna (eel) 
No CF - ®" ' .... - b)pus of conIIlDII>O:'" ( .. lIIlly r/nUihOul durM"'" of "",Idem) 

"" - Pia", ..... III'" (PDS) 

"'" - lOll of 011'1;'" power 

'-OCA - lOll of a>olll1l "",ide", 

' ''''' - b)pus of tonlIlDII>O:'" (In1<rfacina; 1)"11e ... LOCA or I ...... IOnetallY tube """"') 

A""" - I",iclpoltd mwlo", wi\holll .."..., 

"'. - """,. 
~, - l bort-term lwion black«ll ce, - ~ of """ten core """""'''' iflltrac:rioru (00) 

"" - CCI..,.,.... In I dry """Ity 
~ .. - eel ..,.,.... In a "'" cavil)' (,.,..,I ... lly 5 It ol ""lU) , ...... - CCI o:N"' In I deeply ftoockd ClI'iry (nominally ]4 Ii. of ""'let) 
No CCI - Thtn: I< no CCI (tho debrl< bod I. a>olable with repe.nilhoble ... ",r or no VB) 

CF Mode - Conrai ..... '" fi il .... """'" 
c..~ - Cawtrophic """" fiil .... ,- - Ruprur. fii lun: or ootIIainrntm 

' ''''' - bypu. ol""""""",,nr. 

"" - I...eak f:iolhn d conlainrno:nl 

~ " - 00 " ......, - lI.upluro abo .... Iho ......... 11 WI\U level ..... " - I...eak above the _ -..I I Wlte r level 

DWIl. .... - R~ I. tho drywel! 
~.m - \1:",1 ... of Iho """,,"II e,,,,, - Rupnare In tho dryweU wall, ""used by I .. fi~ .... diM rCllOIDI" P«<slll 
~M. - M.II·throuth dlho drywell qll by direct _, <litho """len ""'" 

SP Byp ... - Supprc .. ion pool (SP) l>ypu. 
EarlylLate - SP iJ bypoued from tho rime of VB ihrw&flou! the """Ide", - - SP II ncllU bypus<d 
La", Only - SP Ia 0fI11 II)p . ..... au., in tho """!de,,, (durI", cel) 

RB BYI*O - RCIIOlDf bulldire (RB) b)t>U1 , ...... - Nominal or Im.1I loab,. II"", tho RB ..... - ~ ~. rm.. "'" RB or bypuI of the RB (lor Grand Gulf,.U CDlD.lnmcnr. fill .. " ""~ .. ,"mod to be obo~ .... RB) 

Should the nature of the issue require that the reduction in accident frequency be expressed as a single number, a single 
population dose factor, preferably one that has been probabitistically weighted to reflect those for all accident release cate
gories. is generally needed. For this approach , the calculation of avoided public dose becomes: 
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Mubayi et al. (1995) have calculated population doses weighted by the frequencies of the accident release categories for 
the five power reactors analyzed in NUREG-1150 (NRC 1991). These are listed in Thble 5.4 based on Version 1.5.11.1 
of the MAces computer code (Chanin et aI. 1993). The population doses have been calculated as the sum of those for 
emergency response and long-term protective action, defined as follows: 

• For early consequences, an effective emergency response plan consisted of evacuation of all but 0.5 % of the population 
within a ten-mile radius at a specified speed and delay lime following notification of the emergency . 

• For long-term relocation and banning of agricultural products, the interdiction criterion was 4 rem to an individual over 
five years (2 rem in year one, followed by 0.5 rem each successive year). 

For regulatory analyses involving nuclear power plants, doses should be estimated over a 50-mile radius from the plant 
site (see Guidelines Section 4.3 .1). Do~es for other distances can be considered in sensitivity analyses or special cases, 
and are available in Mubayi et al. (1995). 

It is possible that the proposed action will affect public health (accident) through a mitigation of consequences instead of 
(or as well as) through a reduction in accident frequency.(1) Shou!d this be the case, the previous general formulations 
are replaced with the following: 

or 

Avoided Public 
Dose 

[Release Category 
l Frequency 

x Category Population 1 
Dose Factor ~ .. 

[Release Category x Category PopUlatiOn] 
l Frequency Dose Factor Mt._. 

"'"'" 

Avoided Public = [ Accident Population Dosel _ [AcCident x Population DOse] 
Dose Frequency x Factor .Js!.an. Frequency Factor AIW .. "'"'" 

Thble 5.4 Weighted population dose factors for the five NUREG-llSO power reactors 

Person-rem Within SO miles 
Reactor Type from the Plant 

Zion PWR 1.95E+5 

Surry PWR I.60E+5 

Sequoyah PWR 2.46E+5 

Peach Bottom BWR 2.00E+6 

Grand Gulf BWR 1.93E+5 

Average 1.99E+5 
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Public risks from non-reactor accidents have been assembled into composite lists in Section C.2.L3. These represent the 
products of accident frequencies and population dose factors, whether calculated as release category summations or single 
frequency and dose numbers. 

Beyond the standard analysis lies the major effon. In parallel with the more involved effort to identify and quantify 
affected parameters in appropriate accident sequences (see Section 5.6) would be an equivalent effort to quantify popula
tion dose factors and possibly even specific health effects. Such effort at the ~consequence end~ of the risk calculation 
would increase the likelihood of obtaining representative results. Non-representative results can arise through the use of 
inappropriate or inapplicable dose calculations just as readily as through inappropriate logic models and failure data. 

Several computer codes exist for estimation of population dose. Most for reactor applications have been combined under 
MACCS (Chanin et al. 1990, 1993; Summers et al . 1995a,b). Three codes for non-reactor applications are GENII 
(Napier et aI. 1988), CAP-88 (Beres 1990), and COMPLY (EPA 1989). There have also been recent upgrades 10 

MELCOR itself for modeling severe accidents in light water reacton, including estimation of severe accident source terms 
and their sensitivities/uncertainties (Summers et al. 1995a,b). 

The GENII code package detenrunes individual and population ra.diation doses on an armual basis, as dose conunitments. 
and as accumulated from acute or chronic radionuclide releases to air or water. It has an additional capability to predict 
very-long-teno doses from waste management operations for periods up to 10,000 years. 

The CAP-88 code package is generally required for use at DOE facilities to demonstrate compliance with radionuclide air 
emission standards where the maximally exposed offsite individual is more than 3 km from the source [40 CFR 61.93(a»). 

( 

The code contains modules to estimate dose and risk to individuals and populations from radionuc1ides released to the air. (_ 
It comes with a library of radionuc1ide-specific data and provides the most flexibility of the EPA air compliance codes in . 
tenos of ability lO input site-specific data. A personal computer version of the CAP-88 code package (Parks 1992) was \ 
released in March 1992 under the name CAP88-PC and is also approved for demonstrating compliance at DOE facilities. 

The COMPLY code is a screening model intended primarily for use by NRC licensees and federal agencies other than 
DOE facili ties. It is approved for use by DOE facilities where the maximally exposed offsite individual is less than 3 kin 
from the emissions source [40 CFR 61 .93(a)). The code consists of four screening levels, each of which requires 
increasingly detailed site-specific data to produce a more realistic (and less conservative) dose estimate. COMPLY runs 
on a personal computer and does not require extensive site-specific data. 

5.7.1.2 Monetary Valuation of Accident-Related Health Effects 

Section 4.3.3 of the Guidelines states that the conversion faclOr to be used to establish the monetary value of a unit of 
radiation exposure is $2000 per person-rem. This value will be subject to periodic NRC review. The basis for selection 
of the $2000 per person-rem value is set out in NUREG-1530 (NRC 1995d). The $2000 per person-rem value is to be 
used for routine and accidental emissions for both public and occupational exposure. UnJike past NRC practice, offsite 
propeny consequences are to be separately valued and are not part of the $2000 per person-rem value. Monetary 
conversion of radiation exposure using the $2000 per person-rem value is to be performed for the year in which the 
exposure occurs and then discounted to present value for purposes of evaluating values and impacts. 

5.7.1.3 Discounting Monetized Value of Accident-Related Health Effects 

The present value for accident-related health effects in their monetized form can be calculated as follows: 

WPHA ::: C X ZI'HA 
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where W'"' 
C 

~ 

~ 

monetary value of public health (accident) risk avoided per facility after discounting ($/facility) 
[exp( -rti) - exp( -rtf)]It 

If 

'i 
t 

~ 

~ 

~ 

years remaining until end of facility life 
years before facility begins operating 
real discount rate (as fraction, not percent) 

Z 
'"' 

~ monetary value of public health (accident) risk avoided per facility-year before discounting 
($/facility-year) . 

If a facility is already operating, ti will be :zero and the equation for C simplifies to 

c = [I - exp(-rt,)]'t 

Should public health (accident) risk not be discounted in an analysis, r effectively becomes zero in the preceding equations. 
In the limit as r approaches :zero, C = tf - ti (or, C = tf when ti = 0). This new value of C should be used to evaluate 
W PHA in the undiscounted case. 

The quantity W PHA must be interpreted carefully to avoid misunderstandings. It does nOl represent the expected reduction 
in public health (accidem) risk due to a single accident. Rather, it is the present value of a stream of po tenti.a1 losses 
extending over the remaining lifetime of the facility. Thus, it re8ects the expected annual loss due to a single accident 
(this is given by the quantity ZPHA); the possibility that such an accident could occur. with some small probability, at any 
time over the remaining facility life; and the effects of discounting these potential future losses to present value. Since the 
quantity ZpH ... only accounlS for the risk of an accident in a representative year, the result is the expected loss over the 
facility life, discounted to present value. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the public 
health (accident) attribute. 

5.7.2 Public Healtb (Routine) 

As with the public health (accident), the evaluation of the effect on public health from a change in routine exposure due to 
proposed regulatory actions is a multi-step process. Reduction in exposure is algebraically positive; increase is negative 
(viewed as a negative reduction). 

The steps are as follows: 

I. Estimate reductions in public health (routine) risk per facility for implementation (Dn.,) and 
operation (DPRo) (see Section 5.7.2.1). 

2. Convert each reduction in public health (routine) risk per facility from person-rerns to dollars via monetary evaluation 
of health effects (see Section 5.7.2.2): 

where G pRI = monetary value of per-facility reduction in routine public dose required to implement the proposed 
action, before discounting ($/facility) 
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GPRO 

D", 
DpRO 

R 

~ 

~ 

~ 

~ 

monetary value of annual per~facility reduction in routine public dose to operate following 
implementation of the proposed action, before discounting ($!facility~year) 
per~facility reduction in routine public dose required to implement the proposed action (person~ 
rem/facility) 
annual per~facility reduction in routine public dose to operate following implementation of the proposed 
action (person~remlfacility~year) 
monetary equivalent of unit dose ($/person~rem). 

3. Discount each reduction in public health (routine) risk per facility (dollars) [see Section 8.2]. 

4. Sum the' reductions and total over all facilities (dollars); 

where Vrn• 

H"" 

HpRO 

N 

~ 

~ 

~ 

~ 

discounted monetary value of reduction in public health (routine) risk for all affected facilities ($) 
monetary value of per-facility reduction in routine;, public dose required to implement the proposed 
action, after discounting (S/facility) 
monetary value of per-facility reduction in routine public dose to operate following implementation of 
the proposed action, after discounting (S/facility) 
number of affected facilities. 

Note the algebraic signs for DPRt and DPRO, A reduction in exposure is positive; an increase is negative. The dose for 
implementation (DpRt) would normally be an increase and therefore negative. 

If individual facility values rather than generic values are used, the fonnulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.2.1 Estimation of Cbange in Routine Exposure 

A proposed NRC action can affect routine public exposures in two ways, It may cause a one~time increase in routine dose 
due to impiementation of the action (e.g., installing a retrofit), It may also cause a change (either increase or decrease) in 
the recurring routine exposures after the action is implemented, ffl For the standard analysis, the analyst may attempt to 
make exposure estimates, or obtain at least a sample of industry or community data for a validation of the estimates devel~ 
oped. Baker (1995) provides estimates of population and individual dose commitments for reported radionuclide releases 
from commercial power reactors operaled during 1991, TIchler et aI . (1995) have compiled and reported releases of 
radioactive materials in airborne and liquid effluents from conunerdal Light Water Reactors (LWRs) during 1993. Data 
on solid waste shipments are also included. This report is updated annually. Routine public risks for non-reactor facilities 
have been assembled into composite lists in Section C.2.2, 

5.7.2.2 Monetary Valuation of Routine Exposure 

As with public health (accident) (Section 5.7.1.2), monetary valuation for public health (routine) employs the value of 

r 'O. 
( C 

$2,OOO/person-rem as the best estimate of the monetary conversion factor (R). I , . 
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The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the public 
health (routine) attribute. 

5.7.3 Occupational Health (Accident) 

Evaluating the effect on occupational health from a change in accident frequency due to proposed regulatory actions is a 
multi~step process. Reduction in occupational risk is algebraically positive; incre'!Se is negative (viewed as a negative 
reduction). 

The steps are ~ follows: 

I. Estimate reduction in accident frequency per facility (see Section 5.6). 

2. Estimate reduction in occupational health (accident) risk per facility due to the following (see Section 5.7.3.1): 

• "immediate" doses 

• long~term doses 

3. Per facility, convert value of occupational health (accident) risk avoided (person~rems) to monetary equivalent 
(dollars) via monetary evaluation of health effects, due to the following (see Section 5.7.3.2): 

• "immediate ft doses 

• long-term doses Zt.ro = RY LTO 

where Z~ 

Zem 

Y,o 
Yem 

R 

~ 

~ 

~ 

~ 

~ 

monetary value of occupational health (accident) risk avoided per facility~year due to "immediate" 
doses, before discounting ($/facility-year) 
monetary value of occupational health (accident) risk avoided per facility-year due to long-term doses, 
before discounting ($/facility-year) 
avoided occupational -immediate M dose per facility-year (person-remlfacility-year) 
avoided occupational long-term dose per facility-year (person-remlfacility-year) 
monetary equivalent of unit dose ($/person-rem). 

4. Discount to present value per facility (dollars) (see Section 5.7.3.3). 

5. Total over all affected facilities (dollars) using 

where V""' ~ 

W~ ~ 

Wem 

N ~ 

discounted monetary value of occupational health (accident) risk avoided for all affected facilities 
monetary value of occupational health (accident) risk avoi~ed per facility due (0 "immediate" doses, 
after discounting ($/facility) 
monetary value of occupational health (accident) risk avoided per facility due to long-term doses, after 
discounting ($/facility) 
number of affected facilities. 
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If individual facility values rather than generic values are used , the formulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.3.1 Estimation of Accident-Related Exposures 

There are two types of occupational exposure related to accidents: "immediate" and long-term. The first occurs at the 
time of the accident and during the immediate management of the emergency. The second is a long-term exposure, 
presumably at significantly lower individual rates, associated with the cleanup and refurbishment or decommissioning of 
the damaged facility. The value gained in the avoidance of bolh types of exposure must be conditioned on the change in 
frequency of the accident's occurrence (see Section 5.6).(10) 

"Immediate" Doses 

Licensing of nuclear facilities requires the license applicant to consider and attempt to minimize occupationa1 doses, 
Radiation protection in a reactor control room is required to limit dose 10 5-rem whole body under accident conditions 
(10 CFR 50, Appendix A, Criterion 19). The experience al the Three Mile Island (TMI) Unit 2 nuclear power plant 
indicated lhat potential for significant occupationa1 exposures exists for activities outside the control room during a power 
reactor accident. (However, there was no individua1 occupational exposure exceeding 5-rem whole body at TMI-2.) 

For the standard analysis specifically applied only to power reactor facilities, the ana1yst may employ the TMI or 
Chernobyl experience. At TMI, the average occupational exposure related to the incident was approximately 1 rem. A 
collective dose of 1,000 person-rem could be attributed to the accident. This occurred over a 4-month span, after which 
time occupational exposure was approaching pre-accident levels. An upper estimate for sensitivity ana1ysis is obtained by 
assuming that the average individual receives a dose equal to that of the maximum individual dose at TMI. The ratio of 
maximum to average dose for TMI is 4.2 rem/1 rem; therefore. the upper estimate for the collective dose can be taken as 
4,200 person-rem. A lower estimate of zero indicates a case where no increase over the normal occupational dose occurs. 

The DOE (1987) summarized results on the collective dose received by the populace surrounding the Chemobyl accident. 
Average dose equivalents of 3.3 rem/person, 45 rem/person, and 5.3 rem/person were estimated for residents within 
3 lan, between 3 lan and 15 lan. and between 15 kIn and 30 kIn of Chemobyl, respectively (Mubayi et al. 1995, p. A·5). 
Although none of these translates readily into an occupational dose as that for TMI. a reasonable, but conservative, 
assumption would be that the average worker received the average dose for persons closest to the plant (Le., 
3,3 rem/person). For 1,000 workers, an average value of 3,300 person-rem is obtained, about three times that estimated 
for TMI-2. Given the greater severity of the Chemobyl accident, this seems reasonable. Using TMl's ratio of 4,2/1 for 
the maximum, an upper bound of 14,000 person-rem results, TM.J's average value of 1,000 person-rem would appear to 
be a reasonable lower bound for Chemobyl. 

Given the uncenainties in existing data and variability in severe accident parameters and worker response, the following is 
suggested as 0 10 (immediate occupational dose) specifically for power reactor accidents: 

Best estimate: 
High estimate: 
Low estimate: 
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3,300 person-rem 
14.000 person-rem 
1,000 person-rem 
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For a major effon beyond the standard analysis, specific calculations to estimate onsite exposures for various accidents 
could be performed. 

Long-'Thnn Doses 

After the immediate response to a major power reactor accident, a long process of cleanup and refurbishment or decom
missioning will follow. Significant occupational dose will result (individual exposures controlled by normal occupational 
dose guidelines). The values for the standard analysis specifically applied only to power reactors are based on a study 
(Murphy and Holter 1982) of decommissioning a reference LWR following postulated accidents. Table 5.S summarizes 
the occupational doses estimated by the study and is presented for perspective. 

Since this Handbook focuses on avoidance of major large-scale accidents, use of the following long-term doses based on 
Murphy and Holter (1982) is suggested specifically for power reactor accidents. 

DLTO (long-term occupational): 

Best estimate: 
High estimate: 
Low estimate: 

20.000 person-rem 
30,000 person-rem 
10,000 person-rem 

Thble 5.5 Estimated occupational radiation dose from cleanup and decommissioning after a power 
reactor accident (person-rem or person-cSV) 

Accldent Accident Accident 
Activity Scenario 1(0) Scenario 2(b) Scenario 3«) 

Cleanup 670 4,580 12,100 

Dismantlement and Decommissioning ~ ~ ~ 

Total 1,900 7,640 19,760 

(a) Accident Scenario 1 - a small Loss of Coolant Accident (LOCA) in which EmeIgency Core 
Cooling System (ECCS) functions as intended. Some fuel cladding ruptures, but no fuel 
melts. The coDlainment building is mod~tely contaminated, but there is minimal physical 
damage. 

(b) Accid.ent Scenario 2 - a small LOCA in which ECCS is delayed. Fifty percent of the fuel 
cladding ruptures, and some fuel melts. The containment building is extensively 
contaminated. but there is minimal physical damage. (This scenario is presumed to simulate 
the TMI-2 accident.) 

(c) Accident Scenario 3 - a major LOCA in which ECCS is delayed. All fuel cladding ruptures, 
and there is significant fuel melting and core damage. The containment building is 
extensively contaminated and physically damaged. The auxiliary building undeIgoes some 
contamination. 
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Avoided Doses 

To calculate the avoided accident-related occupational exposures, bo.th the ~immediate~ and long-term occupational dose 
are multiplied by the reduction in accident frequency (see Section 5.6) which is postulated as a result of the proposed 
action. 

where t.F 
Y,o 
0,0 

Y"" 
O,m 

~ 

~ 

~ 

~ 

~ 

reduction in accident frequency (events/facility-year) 
avoided occupational MimmediateM dose per facility-year (person-remlfacility-year) 
immediate occupational dose 
avoided occupational long-term dose per facility-year (person-remlfacility-year) 
long-term occupational dose. 

It is possible that the proposed action will mitigate accident-related occupational exposures instead of (or as well as) 
reducing the accident frequency. In any case, it is the change fro~ current condition to that following implementation of 
the proposed action that is sought. The formulation above can be replaced with the more explicit formulation below: 

Y,o = (F0,o)' - (F0,o), 
Y,m • (FO,m)' - (FO,m), 

where F = accident frequency (events/facility-year) 
S = status quo (current conditions) 
A = after implementation of proposed action. 

Occupational risks from non-reactor accidents have been assembled into composite lists for selected non-reactor facilities 
in Section C.2.3. As for the public risks from non-reactor accidents. these also represent the products of accident 
frequencies and dose factol'S. 

5.7.3.2 Monetary Valuation of Accident-Related Exposures 

The analyst should use the $2000 per person-rem conversion value discussed in Section 5.7.1.2 for the monetary valuation 
of accidenHelated exposures. 

5.7.3.3 Discounting Monetized ~Iues of Accident-Related Exposures 

The present values for ~immediateH and long-term accident-related exposures in their monetized forms are calculated in 
slightly different ways. 

"Immediatetl Doses 

For "immediate" doses, the present value is 

NUREGfBR-0184 5.32 

( 

i 

" 



where W,o 

C 
I, 

I, 

r 
Z,o 

~ 

~ 

~ 

~ 

~ 

~ 

monetary value of occupational health (accident) risk avoided per facility due to "immediateM doses, after 
discounting ($/facility) 
[exp(-nj) - exp(-nf))/r 
years remaining Wltil end of facility life 
years before facility begins operating 
real discoWlt rate (as fraction, not percent) 
monetary value of occupational health (accident) risk avoided per facility-year due to ~immediate" doses, 
before discounting ($/facility-year) . 

If a facility is already operating, ti will be zero and the equation for C simplifies to 

Should occupational health (accident) risk due to "immediate" doses not be discounted in an analysis, r effectively becomes 
zero in the preceding equations. In the limit as r approaches zero, C = If - ti (or, C = tf when ti = 0). This new value 
of C should be used to evaluate Wro in the undiscounted case. 

The quantity Wro must be interpreted carefully to avoid misunderstandings, It does not represent the expected reduction in 
occupational health (accident) risk due to "immediate" doses as the result of a .single accident. Rather, it is the present 
value of a stream of potential losses extending over the remaining lifetime of the facility, Thus, it reflects the expected 
annual loss due to a single accident (this is given by the quantity Z,ol; the possibility that such an accident could occur, 
with some probability, at any time over the remaining facility life; and the effects of discounting these potential future 
losses to present value. Since the quantity Zro only accounts for the risk of an accident in a representative year, the result 
is the expected loss over the facility life, discounted to present value. 

Long-'finn Doses 

For long-tenn doses, the present value is 

where We", 

m 
r 
I, 

I , 

Ze", 

~ 

~ 

~ 

-
~ 

~ 

~ lZe", /mr'~,p(-n,) 

"ll -exP(-~I, - t,))] [I - exp(-rm)j 

monetary value of occupational heallh (accident) risk avQ,ided per facility due to long-tenn doses, after 
discounting ($/facility) 
years over which long-tenn doses accrue(1) 

real discount rate (as fraction, not percent) 
years remaining until end of facility life 
years before facility begins operating 
monetary value of occupational health (accident) risk avoided per facility-year due to long-tenn doses, 
before discounting ($/facility-year). 

If the facility is already operating, tj will be zero and the equation for W LlO simplifies to 
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Should occupational health (accident) risk due to long-tenn doses not be discounted in an analysis, r effectively becomes 
zero in the preceding equations. In the limit as r approaches zero 

W L1'O = ZLTO(tr - tl) 

or 
WL1'O = ZL1'Ot,.. when ti = 0 

The quantity WLm must be interpreted carefully to avoid misunderstandings. It does not represent the expected reduction 
in occupational health (accident) risk due to long-tenn doses as a result of a single accident. Rather, it is the present value 
of a stream of potential losses extending over the remaining lifetime of the facility. Thus, it reflects the expected annual 
loss due to a single accident (this is given by the quantity ZLm); the possibility that such an accident could occur, with 
some probability, at any time over the remaining facility life; and the effects of discounting these potential future losses to 
present vaJue. Since the quantity ZLTO only accounts for the risk of an accident in a representative year, the result is the 
expected loss over the facility life, discounted to present value. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) aJlows input for the 
occupational health (accident) attribute. 

5.7.4 Occupational Health (Routine) 

( 

As with occupational health (accident), the evaJuation of the effect on occupational health from a change in routine ( 
exposure due to proposed regulatory actions is a multi-step process. Reduction in exposure is algebraically positive; \ 
increase is negative (viewed as a negative reduction). 

The steps are as follows: 

I. Estimate reductions in occupationaJ heaJth (routine) risk per facility for implementation (DORI) and operation (DORO) 

(see Section 5.7.4.1) 

2. Conven each reduction in occupational health (routine) risk per facility from person-rerns to dollars via monetary 
evaluation of health effects (see Section 5.7.4.2): 

where OORI ~ 

°ORO 
~ 

D OR I ~ 

DoRO 

R 

monetary value of per-facility reduction in routine occupationaJ dose 10 implement the proposed action, 
before discounting ($/facility) 
monetary value of annual per-facility reduction in routine occupational dose to operate following 
implementation of the proposed action, before discounting ($/facility-year) 
per-facility reduction in routine occupationaJ dose to implement the proposed action (person
remlfaci1ity) 
annual per-facility reduction in routine occupational dose to operate following implementation of the 
proposed action (person-remlfacility-year) 
monetary equivalent of unit dose (${person·rem). 

3. Discount each reduction in occupational health (routine) risk per facility (dollars) (see Section B.2)(9) 
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4. Sum the reductions and lOtaJ over all facilities (dollars) : 

where VOHR 
HORI 

HoRO 

N 

= 
= 

= 

= 

discounted monetary value of reduction in occupational health (routine) risk for all affected facilities ($) 
monetary value of per-facility reduction in routine occupational dose required to implement the proposed 
action, after discounting ($/facility) 
monetary value of per-facility reduction in routine occupational dose to operate following 
implementation of the proposed action, after discounting (S/facility) 
number of affected facilities. 

Note the algebraic signs for DORI and DORO' A reduction in exposure is positive; an increase is negative. The dose for 
implementation (DOR~ would nonnally be an increase and therefore negative. 

If individual facility values rather than generic valueS' are used, the formulations can be replaced with 

where i = facility (or group of facilities) index. 

5.7.4.1 Estimation of Change In Routine Exposure 

A proposed NRC action can affect routine occupational exposures in two ways. It may cause a one-time increase in 
routine dose due to implementation of the action (e.g., instaJling a retrofit). It may also cause a change (either increase or 
decrease) in the recurring routine exposures after the action is implemented. A new coolant system decontamination 
technique, for example, may cause a small implementation dose but may result in a decrease in annual exposures from 
maimenance thereafter. 

For the standard analysis, the analyst may attempt to make exposure estimates, or obtain at least a sample of industry or 
other technical data fur a validation of the estimates developed. There are two components in the development of an 
exposure estimate: estimating the radiation field (rem/hour) and estimating the labor hour.; required. The product is the 
exposure (per.;on-rem). In developing operational estimates, the annual frequency of the activity is also required. 

General estimates of radiation fields can be obtained from a number of sources. For power reactors. Chapter 12 of the 
Final Safety Analysis Report (FSAR) for the plant will contain a partitioning of the power plant into estimated radiation 
mnes. Both summary tables and plant layout drawings are usually provided. Some FSARs provide exposure estimates for 
specific operational activities. The analyst must be cautioned that the FSAR values are calculated, not measured. Actual 
data from operating facilities. as might be obtained from facility surveys, would have greater accuracy. Generic estimates 
of dose rates for work on specific Pressurized Water Reactor (PWR) and BWR systems and components are provided by 
Beal el al. (1987) and included in Section B.3. These are used by Sciacca (1992) in NUREG/CR-4627 along with labor 
hour.; and occupational exposure estimates for specific repair and modification activities. Appropriate references' are cited . 
The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) contains a database of 
default dose rates and ranges for both PWR and BWR systems. 

Work in a radiation mne inevitably requires extra labor due to radiation exposure limits and lower worker efficiency. 
Such inefficiencies arise from restrictive clothing, rubber gloves, breathing through filtered respirator.;, stan~ing on 

5.35 NUREGIBR.oI84 



Value-Impact 

ladders or scaffolding, or crawling into inaccessible areas. In addition, paid breaks must be allowed for during ajob. 
Basically, there are five types of adjustment factors identified for work on activated or contaminated systems. laGuardia 
et al. (1986) identify the following five time duration multipliers: 

1. Height (i.e., work conducted at elevations, e.g., on ladders or scaffolds) = 10-20% of basic time duration 

2. Respiratory Protection = 25-50% of basic time duration 

3. Radiation Protection = 10-40% of basic time duration 

4. Protective Clothing = 30% of adjusted time duration 

5. Work Breaks = 8.33% oftotal adjusted time duration. 

Sciacca (1992) provides infonnation from which to estimate relevant labor productivity factors, whose values can vary 
with the status of the plant and work environment at the time of the action. 

Keeping these factors in mind, the analyst can proceed with the estimation of implementation and operational doses. The 
implementation dose would be 

( 

where DORI ~ per-facility reduction in routine occupational dose required to implement the proposed action (person- ( ' 
rem/facility-year) 

F, ~ radiation field in area of activity (remlhour) 
W, ~ wor.k force required for implementation (labor-hours/facility) . 

As mentioned earlier, implementation dose normally involves an increase, hence the negative sign in the equation. 

The operational dose is the change from the current level; its fonnulation is 

where D ORO 

F, 
Wo 
A, 

S 
A 

~ 

~ 

~ 

~ 

~ 

~ 

annual per-facility reduction in routine occupational dose to operate following implementation of the 
proposed action (person-remlfacility-year) 
radiation field in area of activity (remlhour) 
work force required for activity (Iabor-hours/facility-activity) 
number of activities (e.g. , maintenance, tests, inspections) per year (activities/year) 
status quo (current conditions) 
after implementation of proposed action. 

Again, note the algebraic sign for DoRo. As mentioned earlier, an operational dose reduction is positive; an increase is 
negative. 

If the issue does not lend itself to the estimation procedure just presented, the analyst may use the following approximation 
specifically for reactor facilities. To estimate changes in routine operational dose, the analyst may directly estimate 
fractional changes for routine doses. The techniques for soliciting expert opinion discussed in Section 5.6.2 could be 
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employed. The average annual occupational dose for BWRs in 1993 was 330 person-rem/reactor and 0.31 person
remlworker (see Thble B.9). For PWRs, the average was 194 person-rem/reactor and 0.25 person-remlworker (see 
Thble B.IO). The overall average annual occupational dose at LWRs in 1993 was 240 person-remlreactor and 0.27 
person-rem/worker (see Thble B.ll). Additional data on routine occupational exposure for both power reactors and non
reactor facilities are provided in Section D.3. Also, routine occupational risks for selected non-reactor facilities have been 
assembled into composite lists in Section C.2A. 

For a major effort beyond the standard analysis, the best source of data to estimate both the implementation and 
operational exposures would be a thorough survey of health physicists al the affected facilities. This survey could be 
screened for bias and potential inflated value by a knowledgeable third party. 

5.7.4.2 Monetary Valuation of Routine Exposure 

The analyst should use the $2000 per person-rem conversion factor discussed in Section 5.7.1.2 for the monetary valuation 
of routine exposures. 

5.7.4.3 Nonradiological Occupational Impacts 

In some cases, it will be possible to identify nonradiologica1 occupational impacts associated with a proposed action. 
When possible, these should be identified and included in the regulatory analysis. One source of data on the incidence of 
occupational injuries for various industries is the report Occupational Injuries and Illnesses in the United States by 
Industry, published annually by the Department of Labor's Bureau of Labor Statistics (BLS). Data from this report can be 
accessed from the DLS Home Page on the Internet (URL: http: //stats.bls.gov:80/datahome.htm). 

Occupational injury data should be converted to a dollar valuation. The value of an injury should include medical costs 
and the value of lost production (RWG 1996, Section 5). The value of loss production is nonnally estimated using 
employee wage rates. Pain and suffering costs attributable to occupational injury can be identified qualitatively, but would 
not nonnally be quantified in dollar tenns. Potential information sources for occupational injury valuation data are the 
National Center for Health Statistics (URL: http://www.cdc.gov/nchswww/nchshome.htm) and the publication Accident 
Facts published annually by the National Safety Council based in Itaska, Illinois. 

5.7.5 Offsite Property 

Estimating the e.ffeet of the proposed action upon otfsite property involves three steps: 

1 . . Estimate reduction in accident frequency (see Section 5.6), incorporating conditional probability of 
containment/confinement failure, if applicable. 

2. Estimate level of property damage. 

3. Calculate reduction in risk to offsite property as 

VFP .. NAFD 

where V fP = monetary value of avoided offsite property damage ($) 
N = number of affected facilities 
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aF = reduction in accident frequency (events/ facility-year) 
D = present value of property damage occurring with frequency F ($-year). 

It is possible that the proposed action mitigates the consequences of an accident instead of, or as well as, reducing the acci
dent frequency. In that event, the value of the action is 

where F = accident frequency (events/facility -year) 
S = status quo (current conditions) 
A = after implementation of proposed action. 

Reduction in offsite property damage costs (Le., costs savings) is algebraically positive; increase (i.e. , cost accruals) is 
negative (viewed as negative cost savings) . 

An important tool fonnerly used by the NRC to estimate power reactor accident consequences is the computer program 
CRAC2 (Ritchie et aI . 1985). More recently, the computer code MACCS (Chanin et aI . 1990, 1993; Summers et al. 
1995a,b) has been developed to estimate power reactor accident consequences using currently available infomlation , 
MACCS was employed for the consequence analyses in NUREG-1150 (NRC 1991). The ~alyst interested in code 
descriptions for CRAC2 or MACCS is referred to the references cited, 

( 

For the standard analysis specifically applied only to power reactor facilities, estimates based on work by Mubayi et al, 
(1995) can be employed. Mubayi et al . (1995) have developed costs for offsite consequences for the five power reactors ( 
analyzed in NUREG-1150 (NRC 1991). These costs have been weighted by the frequencies of the accident release "-
categories for the five plants. The results (in 1990 dollars) are given in Table 5.6, The analysis used Version 1.5 ,11.1 of 
the MACCS computer code (Chanin et al. 1993) on a site-specific basis. Offsite costs have been calculated as the sum of 
those for emergency response and long-term protective action, defined as follows: 

• For early consequences, an effective emergency response plan consisted of evacuation of all but 0.5 % of the popula
tion within a ten-mile radius at a specified speed and delay time following notification of the emergency. 

Thble 5,6 Weighted costs for offsite property damage for the ftve NUREG-llSO power reactors 

Type 
Cost (1990 $) Within 50 Miles 

Reactor from the Plant 

Zion PWR 2.23E+8 

Surry PWR 2.30E+8 

Sequoyah PWR 3.19E+8 

Peach Bottom BWR 2.7IE+9 

Grand Gulf BWR 1.87E+8 

Average 2.46E+8 
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• For long-tenn relocation and banning of agricultural products, the interdiction criterion was 4 rem to an individual 
over five years (2 rem in year one, followed by 0.5 rem each successive year). 

Cost values within 50 miles are to be used in the regulatory analysis. Alternative values reffecting shoner and longer 
distances from the plan~ may be used for sensitivity analyses or special cases, and are available in Mubayi et al, (1995). 

The present value for offsite property damage can be calculated as 

D=CxB 

where D ~ present value of offsite property damage (S-year) 
C ~ [exp (-no) - exp (-n,)]" 

" years remaining until end of facility life 

'0 ~ years before facility begins operating 
r ~ real discoum rate (as fraction not percent) 

B ~ undiscounled cost of offsite property damage. 

If a facility is already operating, Ii will be zero and the equation for C simplified to 

c = [I - exp(-n,)]/r 

Should offsite property damage not be discounted in an analysis (e.g., when the time frame is sufficiently short to mitigate 
the need for discounting), r effectively becomes zero in the preceding equations. In the limit as r approaches zero, C "" If 
= II (or, C = If when tl = 0). This new value for C should be used to evaluate D in the undiscounted case. 

The quantity D must be interpreted carefully to avoid misunderstandings. It does not represent the expected olfsite prop
erty damage due to a single accident. Rather, it is the present value of a stream of potential losses extending over the 
remaining lifetime of the facility. Thus, it reflects the expected loss due to a single accident (this is given by the 
quantity B); the possibility that such an accidem could occur, with some probability. at any time over the remainjng 
facility life; and the effects of discounting these potential future losses to present value, When the quantity D is multiplied 
by the annua1 frequency of an accident, the result is the expected loss over the facility life, discounted to present value. 

Costs for offsite property damage from non-reactor accidents have been assembled in Section C,2.S. However, most are 
given as combined offsite and onsite damage costs and have not been as thoroughly estimated as those by Mubayi et al. 
(1995) for offsite property damage from power reactor accidents. 

At a more detailed level, but still within the scope of a standard analysis, the analyst can identify the affected facilities. 
then calculate the proper sum effect rather than relying on generic values. The following steps are required: 

1. Identify affected facilities. 

2. Identify reductions in accident frequency per facility. 

3. Calculate value of property damage per facility. 
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4. Calculate avoided property damage value per facility. 

5. Sum avoided property damage over affected facilities. 

In the 1983 Handbook, Heaberlin et aI. made extensive use of NUREG/CR-2723 (Strip 1982) for offsite property cost 
estimation. Strip reported the present value of offsite health and property costs, onsite costs, and replacement power costs 
for accidents in release categories SSTI through SST3 for 91 U.S. power reactor sites. The offsite property costs were 
based on CRAC2 results, with 1970 population estimates and state-wide land use. The analyst may find the site-specific 
emphasis in Strip (1982) helpful in a more detailed value-impact analysis. 

For a major effort beyond the standard analysis, it is recommended that the estimates be derived from information more 
site-specific than that used by Strip (1982). For power reactors, the MACCS code with the most recent data available 
should be used. This degree of effort would be relatively costly to conduct, both in tenns of computer costs and data col
lection and interpretation costs. However, it would provide the highest degree of reliability. 

Burke et aI . (1984) examined the offsite economic consequences of severe LWR accidents, developing costs models for the 
following: 

• population evacuation and temporary sheltering, including food, lodging, and transportation 

• emergency phase relocation, including food, housing, transportation, and income losses 

• intennediate phase relocation, begiIming immediately after the emergency phase 

• long-term protective actions, including decontamination of land and property and land area interdiction 

• health effects, including the two basic approaches (human capital and willingness-to-pay). 

Tawil et aI. (1991) compared three computer models for estimating offsite property damage from power reactor accidents. 
1\vo of the models are the CRAC2-and MACCS codes; the third is the computer code DECON (Tawil et aI. 1985). Three 
accident severity categories-SSTI-SSTI- are considered for the six Pasquill atmospheric stability categories (A-F). 
Offsite property damage is calculated for each pairing at cleanup levels from 10 through 200 rerns. A study is also 
perfonned comparing the effect of modeling offsite damage to radii of 50 and 500 miles. It indicates that the choice of 
radius is significant only for the SSTI accident category, the differences being quite pronounced. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allO\\lS input for the offsite 
property attribute. 

5.7.6 Onsite Property 

Section 4.3.1 of the NRC Guidelines states that onsite property damage cost savings (i.e. , averted onsile costs) need to be 
include~ in the value-impact analysis. In the net-value formulation it is a positive attribute. 

Estimating the effect of the proposed action on onsite property involves three steps: 

I . Estimate reduction in accident frequency (see Section 5.6). 

2. Estimate onsite property damage. 
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3, Calculate reduction in risk to onsite property as 

where Vo, 
N 

"F 
U 

----

Vop "" N.6.FU 

monetary value of avoided onsite property damage ($) 
number of affected facilities 
reduction in accident frequency (eventsffacility-year) 
present value of property damage occurring with frequency F ($-year). 

Value-Impact 

Reduction in onsite property damage costs (i.e., costs savings) is algebraically positive; increase (i.e., cost accruals) is 
negative (viewed as negative cost savings). 

For the standard analysis, it is convenient to treat onsite property costs under three categories: I) cleanup and decontami
nation, 2) long-term replacement power, and 3) repair and refurbishment. Each of these categories is considered below 
for power reactors with the focus on large-scale core-melt accidents. Additional categories of costs have been considered 
by Mubayi et aI. (1995) and Burke et al. (1984) as outlined in Section 5.7,6.4, but they were either found to be speculative 
or contributed small fractions to the costs identified below. 

5.7.6.1 Cleanup and Decontamination 

Cleanup and decontamination of a nuclear facility. especially a power reactor, following a medium or severe accident can 
be extremely expensive, For example, Mubayi et al. (1995) report that the total cleanup and decontamination of TMI-2 
cost roughly $750 million (in 1981 dollars). Murphy and Holter (1982) estimated cleanup costs for a reference PWR and 
BWR for the following three accident scenarios: 

• Scenario 1 - a small LOCA in wbich ECCS functions as intended, Some fuel cladding ruptures, but no fuel melts. 
The containment building is moderately contaminated, but there is minimal physical damage. 

• Scenario 2 - a small LOCA in which ECCS is delayed, Half of the fuel cladding ruptures, and some fuel melts, The 
containment building is extensively contaminated, but there is minimal physical damage. 

• Scenario 3 - a major LOCA in which ECCS is delayed. All fuel cladding ruptures, and there is significant fuel melt
ing and core damaged. The containment building is extensively contaminated and physically damaged, The auxiliary 
building undergoes some contamination, 

In 1981 dollars, Murphy and Holter estimated the following cleanup costs: 

Scenario 
1 
2 
3 

PWR 
$l.05E+8 
$2.24E+8 
$4.04E+8 

BWR, 
$1.28E+8 
$2.28E+8 
$4.2IE+8 

Mubayi et al. (1995) consider the TMI-2 accident to lie between Scenarios 2 and 3, lying closer (0 Scenario 3 in lenns of 
the contamination and damage to the core. Murphy and Holter's costs were SOltle\.Vbat less than those actually realized at 
TMI. Mubayi et al. (1995) attribute the difference to three factors: 
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I. The start of the TMI cleanup was delayed by 2.5 years due to regulatory and financial requirements. Murphy and 
Holter assumed no additional delays between the accident and start of the cleanup. Mubayi et al. (1995) consider this 
somewhat unrealistic. 

2. Decontamination at TMI required facilities not included in Murphy and Holter's reference plants (e.g., a hot chemis
try laboratory, containment recovery service building, and conunent center/temporary personnel access facility). 

3. TMI required additional decontamination of the containmem building after the reactor was defueled. Murphy and 
Holter excluded this in their analysis. 

When these three factors are considered, the results from Murphy and Holter become reasonably consistent with the actual 
TMI cleanup costs ($7.50E+8 in 1981 dollars~ . 

Burke et aI. (1984) produced a very rough estimate of $1.7 billion (in 1982 dollars) for the cleanup and decontamination 
costs following a severe power reactor accident. An uncertainty range of approximately 50% was assigned, bringing the 
lower bound reasonably in line with the actual TMI cleanup cost. A study by Konzek and Smith (1990) updated the 
cleanup costs associated with Murphy and Holter's Scenario 3. Costs ranging from $1.22E+9 to $1.44E+9 (in undis
counted 1989 dollars) were estimated. based on real escalation rates of 4% to 8% during the cleanup period. A base cost 
of $1.03E+9 was estimated assuming no real escalation during the cleanup period. 

( 

After converting the costs to undiscounted 1993 dollars. the cost reported by Mubayi et al. (1995) for TMI is $1.2E+9, 
the base estimate from Konzek and Smith (1990) is $1.2E+9, and the estimate from Burke et al. (l984). which doubled 
the cost of TMI, is $2.5E+9. Based on these references, the total onsite cost estimates given in Section 5.7.604 are based 
on $1.5E+9 (undiscounted) for cleanup and decontamination (Cco in the equations that follow). For sensitivity analysis, t:" 
lower and upper bounds of $l.OE +9 and $2.0E+9 are recommended for evaluating severe accident effects. \ 

Assuming the $1.5E+9 estimate is spread evenly over a lO-year period for cleanup (Le., constant annual cost of Cco/m = 
$1.5E+8 in the equation below, with Cco = SI.5E+9 and m = 10 years), and applying a 7% real discounl rate, the cost 
translates into a net present value of $1.IE+9 for a single event. This quantity is derived from the follo~ing equation (see 
Section 8.2.3): 

where PV co = net present value of cleanup and decontamination costs for single event ($) 
CCD total undiscounted cost for single accident in constant year dollars ($) 

m = years required to return site to pre-accident state 
r = real discount rate (as fraction, not percent). 

Before proceeding, this present value must be decreased by the cleanup and decontamination costs associated with nonnal 
reactor end-of-life. The Yankee Atomic Electric Co. (NRC 1995c), Sacramento Municipal Utility District (NRC 1994), 
and Portland General Electric Co. (1995) provided the following estimates to the NRC for decommissioning their Y.tnkee 
Rowe, Rancho Seco, and Trojan nuclear power plants, respectively: $304IE+8 (1991 dollars), $2.80E+8 (1991 dollars). 
and $4.15E+8 (1993 dollars). These suggest a value of approximately $004E+9 (1993 dollars) for "nonnal" cleanup and 
decommissioning. The analyst can also consult Bierschbach (1995) for estimating PWR decommissioning costs and 
Bierschbach (1996) for estimating BWR decommissioning costs. 

When spread evenly over the same to-year period at a 7 % real discount rate. this translates into a net present value of 
$O.3E+9. However, since this value would "nonnally " be applied at reactor end-of-life (i.e .• 24 years later, using the 
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estimate from Table B.1), the net present value (at the same 7% real discount rate) is reduced to $O.06E+9. Since this 
amounts to only 5% of me net present value for cleanup and decontamination following a severe accident ($1.1E+9), it 
can be generally ignored. 

The total onsile cost estimates shown in Section 5.7.6.4 integrate this net present value over me average number of 
remaining service years (24 years) using the following equation: 

where UeD = net present value of cleanup and decontamination over life of facility ($-year) 
If = years remaining until end of facility life. 

The integrated cost is $1.3E+ 10 over me life of a power reactor. This cost must be multiplied by the accident frequency 
(F, expressed in events per facility-year), and the number of reactors, to determine the expected value of cleanup and 
decontamination costs. To determine averted costs, the reduction in accident frequency .6.F is applied as outlined in 
Section 5.7.6. 

For comparison, these costs can also be estimated for less severe accidents as defined by Murphy and Holter's Scenarios 1 
and 2. The estimates shown in the following table were obtained by using $1.lE+9 (1993 dollars) as a base value for 
Scenario-3 PV CD costs, and applying the same relative fractions as shown in Murphy and Holter's (1982) results for 
Scenario- l and 2 costs. The results from Murphy and Holter were not used directly because of the factors cited by 
Mubayi et al. (1995) in comparisons of those estimates with actual cleanup and decontamination costs at TMI. 

Scenario ---.£YeP-

1 $3.1E+8 
2 $6.0E+8 
3 $1.1E+9 

$3.7E+9 
$7.1E+9 
$1.3E+1O 

The issue of license renewal has only moderate implications for the integrated cost estimates (UCD)' With longer operating 
lifetimes, the reactors are at risk for more years, and the costs would be expected to increase accordingly. However, 
because the additional costs are discounted to present wonh tenns, the effect is not substantial. For example, an additional 
life extension of 20 years would only increase the value of UCD for a Scenario-3 accident 15% from $1.3E+ 10 to 
$1.5E+IO. 

5.7.6.2 Long-'Thnn Replacement Power 

Replaced power for shon-tenn reactor outages is discussed in Section 5.7.7.1. Following a severe power reacror accident 
(replacement power need be considered only for electrical generating facilities), replacement power costs must be 
considered for the remaining reactor lifetime. (12) 

ArgOJUle National Laboratory (ANL) has developed estimates for long-term replacement power costs based on simulations 
of production costs and capacity expansion for representative pools of utility systems (VanKuiken et 31. 1992). VanKuiken 
et al. examined replacement energy and capacity COSIS, including purchased energy and capacity charges required to pro
vide the same level of system reliability as available prior to the loss of a power reactor (VanKuiken et aI. 1993). In the 
event of a pennanent shutdown, it was assumed tbat a reacror would be replaced by one or more alternative generating 
units, after an appropriate delay for planning and construction. 
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Capacity expansion and production cost simulations were performed for six representative power reactors over 4O~year 
study periods. The results were used to estimate replacement power costs for each of 112 reactors which, at the time of 
the study, were expected to be in operation by 1996. Cost estimates for each reactor reflect the remaining lifetimes, 
reactor sizes, and ranges in short-term replacement energy costs (as encountered in each utility). Averages were deter
mined by summing the individual reactor costs and dividing by the number of reactors evaluated. Characteristics for the 
~generic~ reactor cited in Section 5.7.6.4 reflect an average unit size of 910-MWe and average life remaining of 24 years 
for reactors currently operating and planned. 

Simulation results were first used to estimate the present value costs of single accidents occurring in each year of 
remaining facility lifetimes (quantity PV RI' used in the discussions that follow). Each of these net present values represents 
a summation of annual replacement power costs incurred from the year of the assumed accident to the final year of 
service. For example, the average net present value for an event occurring in 1993 is $1.1 E+9. For 1994, the cost is 
$1.0E+9, and for 1995, the cost is SO.9E+9. The decline in costs with each successive year reflects present value 
considerations and the fact that there are fewer remaining service years requiring replacement power. 

The following equation can be used to approximate the average value of PV Rp for alternative discount rates. 

PV" - [$l.2E + 8"1 [I - exp(-rt ,lf 

where PVRp = net present value of replacement power for a single event ($). 

The $1.2E+8 value used in the above equation has no intrinsic meaning. It is treated in the equation similar to an 
equivalent annual cost, but it is actually a substitute for a string of non-constant replacement power costs that occur over 
the lifetime of the generic reactor after an event that takes place in 1993. The equation is on1y presented here for 
examining the effects of alternate discount rates and remaining reactor lifetimes. 

The above equation for PVRp was developed for discount factors in the range of 5%-10%. Unlike the equations for PVCD 

and Ueo, the equru:ion for PV RI' diverges from modeled results at lower discount rates. At a discount rate of 3% the 
recommended value for PVRI' is $L4E+9, as compared with the equation estimate of $1.1E+9. For discount rates 
between 1 % and 5% the analyst is urged to make linear interpolations using $1.6E+9 at 1 % and $1.2E+9 at 5%. At 
higher discount rates the equation for PVRI' provides recommended estimates of $1.2E+9 at 5% and $1.OE + 9 at 10%. 

The results that are applied in Section 5.7.6.4 sum the single-event costs over all years of reactor service. While these 
summations were calculated directly from simulation results, ANL found rnat the outcomes could be closely approximated 
with the equation that follows. The squared term in this equation serves as a proxy for the fact that costs for events in 
future years decline due to the reduced number of remaining service years for which replacement power is required: 

where URI' = net present value of replacement power over life of facility ($-year). 

Replacement power costs for the generic unit are estimated to be approximately $10 billion over the life of the facility. An 
uncertainty range for this average is estimated at approximately 20% . However, the range of estimates for specific power 
reactors varies directly with unit size, remaining life, and replacement energy costs. For example, costs were estimated to 
be $7.5 billion for the 1040-MWe Zion-2 reactor, assuming 16 years of remaining operating life. Zion-2 is in a power 
pool with approximately average replacement energy costs. In contrast, costs for Big Rock Point were $120 million due to 
its smaller size (67~MWe), shorter remaining life (8 years assumed), and average replacement energy costs. At the upper 
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limit were costs of $24 billion for the 1090-MWe Nine Mile Point 2 writ, assuming 34 years of service remaining. Nine 
Mile Point 2 is in a power pool with above average replacement energy costs~ 

As noted for PVRP , the equation for URP was developed for discount rates ranging from 5%-10%. For lower discount 
rates, linear imerpoiations for URP are reconunended between SI.9E+ 10 at 1 % and $1.2E+ 10 at 5%. The equation for 
URP yields the recommended values of $1.2E+ 10 at 5% and $0.8E+ 10 at 10%, based on PVRP values described 
previously. 

As discussed in Section 5.7.6.4, these summed costs must be multiplied by the accideDl frequency (expressed in events per 
facility-year) to determine the expected value of replacement power costs for a typical reactor. To determine the value of 
reductions in the accident frequency due to regulatory actions, the total integrated costs must be multiplied by the reduction 
in accident frequency .6.F and the number of reactors affected (N). 

The issue of license renewal has a much more significant impact on replacement power costs than on cleanup and 
decontamination costs. Extending the operating life by an additional 20 years would increase the net present value of a 
single event (PVRP) by about 38%, and would increase the present value of costs integrated over the reactor life (URP) by 
about 90% (VanKuiken et al. 1992). Thus, a license renewal period of 20 years would mean the generic reactor would 
have a remaining life of 44 years, PVRP would be estimated to be $1.5E+9, and URP would be approximately $1.9E+1O 
(1993 dollars). 

For less severe accidents such as characterized by Scenario-! events, the analyst is referred to Section 5.7.7.1 which 
addresses shon-term replacement energy costs. Replacement capacity costs, which contribute to severe accident costs, are 
not incurred for more temporary reactor shutdowns. 

5.7.6.3 Repair and Refurbishment 

In the event of recoverable accidents (i.e., for Scenario I , but not Scenarios 2 or 3), the licensee will incur costs to repairl 
replace damaged components before a facility can be returned to operation (these costs are not included in the total onsite 
cost estimates for severe accidents as addressed in Section 5.7.6.4). Burke et al . (1984) have estimated typical costs for 
equipment repair on the order of $1 ,OOOlhr of outage duration, based on data from outages of varying durations at 
reactors. They suggest an upper bound of roughly 20% of the long-term replacement power costs for a single event. 
Mubayi et aI. (1995) observe that the $1.OOOlhr figure corresponds closely to the repair costs following the Browns Ferry 
fire and also to the TMI-l steam generator retubing outage costs. 

5.7.6.4 Thtal Onsite Property Damage Costs 

Based on the infonnation included in Sections 5.7.6.1 and 5.7.6.2, ANL has estimated the total cost due to onsile propeny 
damage following a severe reactor accident for the Zion-2 reactor and a "generic" 91O-MWe reactor assumed to have a 
remaining life of 24 years. Total costs are assumed to consist of cleanup and decontamination costs and replacement 
power costs (repair and refurbishment costs are not included for severe accidents). The total costs described below 
correspond to the "risk-based" costs as defined by Mubayi et al . (1995): 

" ... risk-based cost, the discounted net present value of the risk over the remaining life of the plant, which is 
proportional to the accident frequency [F] ...• 

The risk-based costs (quantities U, UCD ' and URP in the equations that follow) must be interpreted carefully to avoid 
misunderstandings. They do not represent the expected onsite property damage due to a single accident. Rather, they are 
the present value of a stream of potential losses extending over the remaining lifetime of the facility. Thus, they reflect 
the expected loss due to a single accident (given by quantities PV CD and PV RP); the possibility that such an accident could 
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occur, with some small probability, at any time over the remaining facility life; and the effects of discounting those 
potential future losses to the present value. When the quantity U is multiplied by the annual accident frequency, the result 
is the expected loss over the facility life, discounted to the present value. 

The estimates for total risk-based costs attributed to regulatory actions that occur in 1993, expressed in 1993 dollars 
assuming a 7% real annual discount rate, are as follows: 

Variable 

U" 
Uco 
U 

Cost Component 

Replacement Power 
Cleanup & Decontamination 
Total 

$O.7E+I0 x F 
SI.OE+lO x F 
S1.7E+IO xF 

nGeneric~ Reactor 

SI.OE+lO x F 
SI.3E+1O x F 
S2.3E+1O x F 

Alternate values of U may be approximated for different discount rates, years of operation remaining, and estimates for 
CCD and PV RP' However, for changes in discount rate or final year of operation, the analyst is cautioned to revise the esti
mates for PVRP using the equation described in Section 5.7.6.2 prior to re-estimating U from the equation that follows. 
Also, for discount rates lower than 5 %, PV RP and URP should be estimated from interpolation guidelines presemed in 
Section 5.7.6.2 rather than from the equations. The relationship 'that defines total lifetime costs is 

U=UCD + URP 

= [cco/ mr 'l [I - exp(-n,)l [I - exp(-nn)] + [pV" / r] [I - exp(-n,)], 

where U = total net present value of onsile property damage ($-year). 

The procedure outlined in Section 5.7.6 may be used to evaluate averted onsite property damage using these estimates. 
For illustration, assume that the reduction in severe accident frequency (.6.F) is 1.0E-6 and the number of reactors affected 
(N) is Ill. The total averted onsite damage costs would be 

v ~ = N"PU = (Ill ) (I.OE-6) ($2.3E + 10) • $2.6E + 6 

The value of this reduction in accidem frequency is $2.6 million (net present value in 1993 dollars). 

The S2.3E+ 10 value used above is an appropriate generic estimate for regulatory requirements that become effective in 
1993 and that affect severe accident probabilities in that year. For regulatory actions that affect accident frequencies in 
future years, the cost estimates must be adjusted to recognize that the number of reactor-years at risk and the number of 
service years requiring replacement power are reduced. Table 5.7 shows how these factors affect cost estimates for the 
IO-year period of 1993-2002. The results are expressed as net present values discounted to the year that the rulemaking is 
assumed to take effect. 

Th illustrate the use of these estimates, assume a reduction in accident frequency of 1.0E-6 begins in 1998 and affects all 
III of the remaining reactors. The revised estimate for U would be SI.9E+ 10 and the total averted onsile damage costs 
for this reduction in frequency would be 

VOP '" (111) (1.0E-6)(S1.9E + 10) = $2.IE + 6 (1993 dollars) 
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Thble 5.7 Onsite property damage cost estimates (U) for ruture years (1993 dollars discounted to year of 
implementation) 

Cleanup and Decontamination 
(Ucol Replacement Power (UIU') 'lbtal (U) 

1993 $l.3E+1O $l.OE+1O $2.3E+1O 

1994 $l.2E+1O $9.6E+9 $2.2E+1O 

1995 $l.2E+1O $9.1E+9 $2.1E+1O 

1996 $l.2E+lO $8.6E+9 $2.1E+1O 

1997 $l.lE+1O $8.1E+9 $l.9E+1O 

1998 $l.lE+1O $7.6E+9 $l.9E+I0 

1999 Sl.IE+IO $7.1E+9 $l.8E+1O 

2000 $l.lE+1O $6.6E+9 $l.8E+1O 

2001 $l.OE+1O $6.2E+9 $l.6E+1O 

2002 $l.OE+1O $5.7E+9 $l.6E+1O 

This would indicate that the reduction in accident frequency valued at S2,6 million beginning in 1993 would be valued at 
$2.1 million if introduced in 1998 (1993 dollars adjusted to 1998). 

The following linear equation provides approximate cost estimates for implementation later than 10 years in the furore. 
The result represents net present value (1993 dollars) discounted to the year of implementation. The analyst must adjust 
the 1993 dollars for general inflation if costs are [0 be expressed in alternate reference-year dollars. (See Section 5.8 for 
information on ~justing dollar years.) 

U = $2.3E + 10 - ($6.7E +8) (I, - 1993) 

where tj = year of reduction in accident frequency, 

Thus, for regulatory actions that would affect accident probabilities for 86 reactors remaining in service in 2010, the 
revised estimate for U would be 

U • $2.3E + 10 - ($6.7E +8)(2010 -1993) 
= $1.2E + 10 (1993 dollan adjusted to 2010) 

The total averted oDSite damages costs for a reduction in accident frequency of 1.OE-6 would be 

V", = (86) (l.OE - 6)($l.2E + 10) 
:z Sl.OE +6 (1993 dollars adjusted to 2010) 
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This example also illustrates that the number of reactors at risk and the average remaining years of reactor service change 
in the evaluation of future regulatory initiatives. Because of the distribution of license expiration dates, the average 
remaining reactor life does not decrease on a one-to-one basis with each successive year in the future. 

For 20-year license renewa1 considerations, the estimates for U discussed above should be increased by approximately 
50% . In 1993, UCD would be estimated at $1 .5E+ 10 (versus $1.3E+ 10 for 40-year license), and URP would be estimated 
to be $1 .9E+ 10 (versus $I.OE+ 10 for 40-year license). This yields a total of $3.4E+ 10 (1993 dollars) as compared with 
$2.3E+ 10 for the 40-year license assumption. 

Costs for onsite property damage from non-reactor accidents have been assembled in Section Co2.5. However, most are 
given as combined offsite and onsile damage costs. 

For a major effort beyond the standard analysis, there are two general ways to achieve a greater level of detail: I) the 
analysis can be conducted for individual facilities or groups of similar facilities, using site-specific information; 2) the 
analysis can provide cost information in much greater delail. With regard to the first approach, the most relevant site
specific infonnation includes the cost of long-tenn replacement power and the value of the facility and equipment at risk, 
taking into account the remaining useful life of the facility. The ~alyst is referred to VanKuiken et al. (1992) for further 
detail on average shutdown costs for different categories of reactors (e.g., by region, reactor supplier, architect engineer, 
etc.), and guidance for scaling costs for different unit sizes and remaining lifetimes. 

( . 

With regard to providing greater detail on the cost information, the major cost elements (in addition to replacement power) 
are likely to include decontamination and other cleanup costs and repair or replacement of plant and equipment that is 
physically damaged. Other costs relate to transporting and disposing of contaminated materials and equipment. and startup 
costs. Costs for monitoring the site for radiation and fixing contamination at the site will likely be insignificant relative to ( ,. 
the other costs. The analyst is referred to Murphy and Holter (1982). and the follow-up study by Konzek and Smith \ 
(1990). for detailed cost estimates to decontaminate a nuclear power reactor following a postulated accident. 

Burke et al . (1984) examined the onsite economic consequences of severe LWR accidents, developing cost models for the 
following: 

• replacement power, drawing information mainly from Buehring and Peerenboom (1982) (which has been updated by 
VanKuiken et al. [1992]) 

• plant decontamination, including both medium and large consequence events 

• plant repair. spanning small to large consequence events 

• early decommissioning for medium and large consequence events 

• worker health effects and medical care, primarily for medium and large consequence events 

• electric utility ~business~ (i.e., costs resulting from changed risk perceptions in financial markets and the need to 
replace the income once produced by the operating plant after a power plant is permanently shutdown) 

• nuclear power "industry" (i.e., costs resulting from elimination or slowed growth in the U.S. nuclear power industry 
due to altered policy decisions and risk perceptions following a severe accident) 

• onsite litigation (Le., "legal fees for the time and effort of those individuals involved in the litigation process"). 
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The first three categories of costs have been covered in Sections 5.7.6.1-5.7.6.3 . The other categories are covered 
elsewhere in this Handbook or are considered to be either speculative or small in magnitude relative to replacement power, 
cleanup and decomamination, and repair costs. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows input for the onsite 
property attribute. 

5.7.7 Industry Implementation 

This section provides procedures for computing estimates of the industry's incremental costs to implement the proposed 
action. Estimating incremental costs during the operational phase that follows the implementation phase is discussed in 
Section 5.7.8. Incremental implementation costs measure the additional costs to industry imposed by the regulation; they 
are costs that would nOI have been incurred in the absence of that regulation. Reduction in the net cost (i.e., cost savings) 
is algebraically positive; increase (i.e., cost accrual) is negative (viewed as negative cost savings) . Both NRC and 
Agreement State licensees should be addressed, as appropriate. 

In general, there are three steps that the analyst should follow in .order to estimate industry implementation costs: 

Step 1 - Estimate the amoum and types of plant equipment, materials, andlor labor that will be affected by the proposed 
action. 

Step 2 - Estimate the costs associated with implementation. 

Step 3 - If appropriate, discount the implementation costs, then sum (see Section 8.2). 

In preparing an estimate of industry implementation costs, the analyst should also carefully consider all cost categories that 
may be affected as a result of implementing the action. Example categories include 

• land and land-use rights 

• structures 

• hydraulic, pneumatic, and electrical equipment 

• radioactive waste disposal 

• health physics 

• monitoring equipment 

• personnel construction facilities, equipment, and services 

• engineering services 

• recordkeeping 

• procedural changes 
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• license modifications 

• staff training/retraining 

• administration 

• facility shutdown and restan 

• replacement power (power reactors only) 

• reactor fuel and fuel services (power reactors only) 

• items for averting illness or injury (e.g. , bottled water or job safety equipment). 

Note that transfer payments (see S~tion 4.3) should not be included. 

For the standard analysis, the analyst should use consolidated information to estimate the cost to industry for implementing 
the action. Sciacca (1992) is a prime source of such information, providing not only cost estimates, but also labor hours, 
cost rates, and adjustment factors, mainly for reactor facilities. Appropriate references are cited by Sciacca. The 
FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) incorporates much of the 
infonnation assembled by Sciacca (1992) into a computer database for lhe analyst's use in estimating industry implementa
tion as well as olher costs. 

Srep 1 - Estimate the amounts and types of plant equipment, materials, andlor labor that will be affected by the proposed 
action, including not only physical equipment and craft labor, but professional staff labor for design, engineering, 
quality assurance, and licensing associated with the action. If the action requires work in a radiation zone, the 
analyst should account for the extra labor required by radiation exposure limits and low worker efficiency due [0 

awkward radiation protection gear and tight quaners (see discussion of labor productivity in Section 5.7.4.1). 

When perfonning a sensitivity analysis, but not for the best estimate, the analyst should include contingencies, 
such as the most recent greenfield construction project contingency allowances supplied by Robert Snow Means 
Co., Inc. (1995). They suggest adding contingency allowances of 15% at the conceptual stage, 10% at the 
schematic stage, and 2 % at the preliminary working drawing stage. The FORECAST computer code (Lopez and 
Sciacca 1996) contains an option to include an allowance for uncertainty and cost variations at the summary cost 
level. The Electric Power Research Institute (EPRI 1986) offers guidelines for use in estimating the costs for 
~new and existing power generating technologies. ~ EPRI suggests applying two separate comingency factors, one 
for "projects" to cover costs resulting from more detailed design, and one for "process" to cover costs associated 
with uncertainties of implementing a commercial-scale new technology. 

Step 2 - Estimate the costs associated with implementation, both direct and indirect. Direct costs include materials, 
equipment, and labor used for the construction and initial operation of the facility during the implementation 
phase. Indirect costs include required services. The analyst should identify any significant secondary costs that 
may arise. One-time component replacement costs and associated labor costs should be accounted for here. For 
additional information on cost categories, especially for reactor facilities, see Schulte et al. (1978) and United 
Engineers and Constructors, Inc. (1979; 1988a, b). 
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Step 3 - If appropriate, discount the costs, then sum. If costs, occur at some future time, they should be discounted to yield 
present values (see Section B.2). If all costs occur in the first year or if present value costs can be directly 
estimated, discounting is not required. Generally, implementation costs would occur shortly after adoption of the 
proposed action. 

When performing value-impact analyses for non-reactor facilities. the analyst will encounter difficulty in finding 
consolidated infonnation on industry implementation costs comparable to that for power reactors. Comprehensive data 
sources such as Sciacca (1992) and the references from which he drew !iis information are generally unavailable for non
reactor facilities. Some specific information for selected non-reactor facilities is in Sections C.7-C. 10. The types of non
reactor facilities (see Section C.I) are quite diverse. Furthermore. within each type, the facility layouts typically lack the 
limited standardization of the reactor facilities. These combine to leave the analyst pretty much ~on his ownM in 
developing industry implementation costs for non-reactor facilities. The analyst should follow the general guidelines given 
in this Handbook section. Specific data may be best obtained through direct contact with knowledgeable sources for the 
facility concerned. possibly even the facility personnel themselves. 

For a major effort beyond the standard analysis, the analyst should obtain very detailed infonnation. in terms of the cost 
categories and the costs themselves. The analyst should seek gui~ance from NRC contractors or industry sources experi
enced in this area (AE firms, etc.). The incremental costs of the action should be defined at a finer level of detail. The 
analyst, should refer to the code of accounts in the Energy Economic Data Base (EEDB [United Engineers and Con
structors, Inc. 1988b]) or Schulte et aI. (1978) to prepare a detailed account of implementation costs. 

5.7.7.1 Short-'Thnn Replacement Power 

For power reactors, the possibility that implementation of the proposed action may result in the need for short-term 
replacement power must be addressed. Section 4.3.2 of the Guidelines indicates that replacement power costs are to be 
incorporated into a regulatory analysis when appropriate. Unlike the long-term costs associated with severe power reactor 
accidents discussed in Section 5.7.6.2, the replacement powet costs associated with industry implementation of a 
regulatory action would be short-term. 

For a ~typical ~ 91O-MWe reactor operating at an average capacity factor of 60%-65 %, VanKuiken et aI. (1992) suggests 
$31O,000/day (1993 dollars) as an average cost for short-term replacement power. The 60%-65% range in capacity factor 
is representative of annual averages, accounting for unplanned outage periods and planned outage periods for maintenance 
and refueling. However, if the timing of a short-term shutdown coincides with a time when a power reactor is expected to 
be fully operational, then a higher average cost per day is more appropriate. At a capacity factor of 100%. the average 
cost for the typical reactor is estimated to be $480,OOO/day (1993 doliars). 

At a more detailed level, VanKuiken et aI. (1992) project the seasonal replacement power costs for potential short-term 
shutdowns of 112 nuclear power plants over the five-year period from 1992 through 1996. These costs are estimated from 
probabilistic production-cost simulations of pooled utility-system operations. Average daily replacement power costs are 
presented by season for each of the 112 plants. The 20 U.S. power pools containing these plants are identified along with 
their following characteristics: total system capacity, annual peak load, annual energy demand, annual load. factor, prices 
for fuels, and mix of generation by fuel type. 

The sensitivity of replacement power costs to changes in oil and gas prices is quantified for each power pool. The effects 
of multiple plant shutdowns are addressed, with the replacement power costs quantified for each pool assuming all plants 
within the pool are shutdown. 
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The replacement power cost information compiled in an analogous but earlier study by VanKuiken et al. (1987) has subse
quently been incorporated into two cost analysis computer codes. The Replacement Energy Cost Analysis Package 
(RECAP [VanKuiken et aI . 1994]) detennines the replacement energy costs associated with shon-term shutdowns of 
nuclear power plants, and can be applied to detennine average costs for general categories based on location, unit type 
(e.g. , BWR), constructor, utility, and other differentiating criteria. Plant-specific costs are also available, and can be 
evaluated for user-specified outage durations and alternative capacity factor assumptions. FORECAST (Lopez and Sciacca 
1996), a computer code for regulatory effects cost analysis, provides the user with the capability to estimate replacement 
power costs in current year dollars. Sciacca (1992) also provides a discussion and data for use in estimating replacement 
power costs based on this earlier study by VanKuiken et al. (1987). 

Imposition of a new regulation often requires that a nuclear power plant be shutdown while the modification takes place. 
If the requirement is needed to meet adequate protection, the analyst can assume that the required downtime is independent 
of any scheduled downtime, thereby realizing full replacement power costs. However. the modification often is not 
needed to meet adequate protection, enabling it to be completed during already scheduled downtime. Only if the time 
needed to perform the modification exceeds that allotted for the scheduled downtime should any replacement power costs 
accrue, these being solely due to the excess time. 

The most likely scenario permits the modification to be accommodated completely within already scheduled downtime, and 
this has frequently been the policy adopted by the NRC. As a result, no replacement power costs accrue. While this 
assumption holds for a modification performed in the absence of others required by new regulations, it tends to 
underestimate the cost of multiple modifications resulting from the cumulative effect of new NRC requirements. When 
multiple modifications are performed. as they often are, the originally scheduled dowmime may be insufficient to 
accommodate all of them. Usually, this results from the limited number of available maintenance personnel and space 
restrictions for nearby component repair or service. 

Historic data indicate roughly 15 days per year, or 17% and 25% of the annually scheduled downtime for PWRs and 
BWRs, respectively, can be attributed to the cumulative impact of new regulatory requirements. Assuming the contribu
tion of each regulatory requirement to the incremental downtime equals the overall percentage increase, one can assign a 
prorated share to that requirement (Le., 17% for PWRs, 25 % for BWRs, or roughly 20% for LWRs in general). For 
example, if a regulatory requirement requires one-week of reactor shutdown time, 1.2 days (PWRs) , 1.8 days (BWRs), or 
1.4 days (LWRs) of additional downtime and, thus, replacement power costs would accrue. 

5.7.7 .2 Premature Facility Closing 

Several nuclear power plants have been voluntarily shut down prior to the expiration of their operating licenses. 
NOrmally, a decommissioning cost of approximately $O.3E+9 0.993 dollars) would be associated with an end-of-Iife 
shutdown (see Section 5.7 .6 , I). Howev~r, if a proposed regulatory requirement is expected to result in a premature 
shutdown, this cost is shifted to an earlier time with an associated net increase in its present value. For example, if a plant 
with an estimated t years of remaining life is prematurely closed, the net increase in present value, for a real discount rate 
of '. becomes ($O.3E+9) [1 - 1/(1 H)1. 

Thus, a plant closed 20 years early will incur an additional cost of $O.2E+8 for a 7 % real discount rate. 

5.7.8 Industry Operation 

This section provides procedures for estimating industry'S incremental costs during the operating phase (Le., after 
implementation) of the proposed action. The incremental costs measure the additional costs to industry imposed by the 
proposed action; they are costs that would not have been incurred in the absence of the action. Reduction in the net cost 
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(i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is negative (viewed as negative cost savings). 
Both NRC and Agreement State licensees should be addressed, as appropriate. 

In general, there are three steps that the analyst should follow in order to estimate industry operation costs: 

Step I - Estimate the amount and types of plant equipment, materials, andlor labor that will be affected by the proposed 
action. 

Step 2 - Estimate the associated costs. 

Step 3 - Discount the costs over the remaining lifetimes of the affected faciliti~s, then sum (see Section B.2). 

Costs incurred for operating and maintaining facilities may include, but are not limited to, the following: 

• maintenance of land and land-use rights 

• maintenance of structures 

• operation and maintenance of hydraulic, pneumatic, and electrical equipment 

• scheduled radioactive waste disposal and health physics surveys 

• scheduled updates of records and procedures 

• scheduled inspection and test of equipment 

• scheduled recertification/retraining of facility personnel 

• associated recurring administrative costs 

• scheduled analytical updates. 

The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows user input for 
industry (licensee) operation costs. 

For the standard analysis, the analyst should proceed as follows: 

Step I - Estimate the amount and types of plant equipment, materials, andlor labor that will be affected by the proposed 
regulation, including professional staff time associated with reporting requirements and compliance activities. 
Possible impacts on a facility's capacity factor shou1d be considered. The analyst may consult with engineering 
and costing experts, as needed. The analyst could seek guidance from NRC contractors, architect engineering 
firms, or utilities. 

Step 2 - Estimate the associated operation and maimenance costs. The analyst should consider direct and indirect effects 
of the action; for example, the action could have an impact on plant labor, which, in tum, could affect 
administrative costs. 

Step 3 - Discount the total costs over the remaining lifetime of the affected facilities (see Section B.2). 
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Much of the discussion on industry implementation COSlS in Section 5.7.7 for non-reactor facilities applies here for 
operation costs. Again, the analyst will generally not find consolidated cost information comparable to that for power 
reactors facilities. As before, Sections C. 7-C.1O provide some limited data. However, the analyst may again need to rely 
on "engineering judgement, • ahhougb specific data may be available through direct contact with cognizAnt industryl 
contractor personnel. 

For a major effort beyond the standard analysis, the analyst should seek specific guidance from contractor or industry 
SOUICes experienced in this area. The user may wish to use contractors who have developed explicit methodologies for 
estimating operating and maintenance costs. The following references can provide useful information for industry opera
tion costs: Budwani (1969); Carlson et aI. (1977); Clark and Chockie (1979); Eisenhauer et aI. (1982); EPRI (1986); 
NUS Corporation (1969); Phung (1978); Roberts et ai, (1980); Stevenson (1981); and United Engineers and Constructors, 
Inc. (1979; 1988a, b). 

5.7.9 NRC Implementation 

Once a proposed action is defined and the Commission endorses its application, the NRC will incur costs to implement the 
action. Implementation costs refer to those "front-end" costs· necessary 10 realize the proposed action. All costs associated 
with pre-decisional activities by the NRC are viewed as "sunk" costs and are excluded from the NRC implementation 
costs. Reduction in the net cost (i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is negative 
(viewed as negative cost savings). 

Implementation COSlS to the NRC may arise from developing procedures, preparing aids, and taking other actions to assist 

(, 

in or assure compliance with the proposed action. (13) The analyst should detennine whedler the proposed action will be ~ 

implemented entirely by the NRC or in cooperation with one or more Agreement States. Implementation costs shared by t 
Agreement States may reduce those of the NRC and are discussed in Section 5.7.11. 

NRC implementation costs include only the incrementa1 costs resulting from adoption of the proposed action. Examples of 
these COSlS are as follows: 

• developing guidelines for interpreting the proposed action and developing enforcement procedures 

• preparing handbooks for use by the NRC staff responsible for enforcement and handbooks for use by others 
responsible for compliance 

• supporting and reviewing a licensee's change in teclmical specifications 

• conducting initial plant inspections to validate implementation. 

Sciacca (1992) and the FORECAST computer code for regulatory effeclS cost analysis (Lopez and Sciacca 1996) assist the 
analyst in calculating these and MotherM implementation costs. Implementation costs may include labor costs and overhead, 
purchases of equipment, acquisition of materials, and the cost of tasks to be carried out by oUlSide contractors. Equipment 
and materials that would be eventually replaced during operation should be included under operating costs (see 
Section 5.7.10) rather than implementation costs. 

Three steps are necessary for estimating NRC implementation COSlS: 
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Step 1 - Detennine what steps the NRC must take to put the proposed action into effect. 

Step 2 - Determine the requirements for NRC staff, outside contractors, materials, and equipment. 

Step 3 - Estimate the costs of the required resources, discount if appropriate, lhen sum (see Section B.2). 

Implementation is likely to affect a number of NRC branches and offices. For example, the Office of Nuclear Regulatory 
Research (RES) may develop a regulatory guide, the Office of Nuclear Reactor Regulation (NRR) may review any 
licensee submissions, and the NRC Regional Offices may inspect against some portion of the guide in operating facilities. 
In developing estimates for the implementation costs, the analyst is encouraged to contact all of the NRC components 
likely to be affected by the proposed action. 

For the standard analysis, the analyst should identify the major tasks that must be perfonned to get the proposed rule 
implemented, major pieces of equipment (if any) that must be acquired, and major costs of materials. Major tasks are 
then assessed to estimate the approximate level of effort (in professional staff person-hours) necessary to complete them. 
The number of person-hours for each task is multiplied by the appropriate NRC labor rate and then summed over all of the 
tasks. In 1996 dollars, the average NRC labor rate (salary and benefits plus allocated agency management and support) is 
$67 .50/person-hr. (14) 

Similarly, the costs to complete tasks that would be contracted out also need to be estimated. In order to obtain a 
reasonably good approximation of contractor costs, the analyst should contact the NRC component that would be responsi
ble for contracting for the tasks. Finally, the costs of major pieces of equipment and quantities of materials are added to 
the labor and contract costs. . 

When other data are unavailable. the anaJyst may assume as an approximation that for a non-controversial amendment to 
an existing rule or regulation implementation will require lhe following: a total of one professional NRC staff person·year 
at a cost of $122,OOO/person·year (in 1996 dollars), no additionaJ equipment, and no additional materials. For a new rule 
or regulation, it is much more difficult to supply a rough but reasonable estimate of the implementation cost, because the 
level of effort and types and quantities of machinery and materials can vary dramatically. One recourse would be to use as 
a proxy the implementation costs for a recently adopted regulatory requirement that is similar to the proposed measure. 
The relative similarity of the two requirements should be judged with respect to the effort required to implement the 
proposed measure. 

For a major effort beyond the standard anaJysi~, a more detailed and complete accounting would be expected. The analyst 
can request the responsible NRC office to provide available information, such as paper submittals or records of initial 
inspections. 

5.7.10 NRC Operation 

After a proposed action is implemented, the NRC is likely to incur operating costs. These are the recurring costs that are 
necessary to ensure continued compliance. For example, adding a new regulation may require that NRC perfonn periodic 
inspections to ensure compliance. The analyst should determine whether operations resulting from the proposed action 
will be conducted entirely by the NRC or in coopera.tion with one or more Agreement States. Reduction in the net cost 
(i.e., cost savings) is algebraically positive; increase (Le., cost accrual) is negative (viewed as negative cost savings). 

There are three steps for estimating NRC operating costs: 
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Step 1 - Determine the activities that the NRC must perform after the proposed action is implemented. 

Step 2 - Estimate NRC staff labor, contractor support and any special equipment and material required. 

Step 3 - Estimate the costs of the required resources, discount (usually over the remaining lifetimes of the affected 
facilities. as fur industry operation costs) to yield present value, then sum (see Section 8.2). 

In detennining the required post-implementation activities, the analyst should carefully eAamine the proposed action, 
asking such questions as the following: 

• How is compliance with the proposed action to be assured? 

• Is periodic review of industry performance required? 

• What is an appropriate schedule for such review? 

• Does this action affect ongoing NRC programs, and, if so, will it affect the costs of those programs? 

Since recurring costs attributable to the proposed action may be incurred by several NRC branches and offices, the analyst 
is encouraged to contact all of the NRC components likely to be affected. The FORECAST computer code for regulatory 
effects cost analysis (Lopez and Sciacca 1996) allows user input for NRC operation costs. 

For the standard analysis, the analyst should obtain estimates of the number of full-time equivalent professional NRC staff 
person-hours that would be required to ensure compliance with the proposed rule. Each person-hour should be costed at 
$67.50/person-he (in 1996 dollars) (refer to endnote 14). Major recurring expenditures for special equipment and 
materials, and for contractors, should be added. Since operating costs are recurring, they must be discounted as described 
in Section B.2, usually over the remaining lifetimes of the affected facilities, 

A major effort beyond the standard. analysis would proceed along the lines described above, except that greater detail 
would be provided to account for 'acquisitions of special equipment and materials. 

5.7.11 Other Government 

This attribute measures costs to the federal government (other than the NRC) and state (including Agreement State) and 
local governments, The discussion parallels that for NRC implementation and operation in Sections 5,7.9-5.7,10. 
Reduction in the net cost (i.e" cost savings) is algebraically positive; increase (Le,. cost accrual) is negative (viewed as 
negative cost savings), 

Implementation costs to the federal (non-NRC) government and to state and local governments may arise from developing 
procedures, preparing aids, supporting license amendments, and taking action to assure compliance with the proposed 
action, For example, placing roadside evacuation route signs for the possibility of a radioactive release from a nearby 
power reactor would require expenditures from selected government agencies, As another example, requiring criminal 
investigation checks for nuclear reactor persoIUlel may require resources of the Federal Bureau of Investigation. When 
estimating the implementation costs, the analyst should be aware that they may differ between Agreement and non
Agreement States. Such differences should be taken into account in preparing cost estimates, 

Three steps are needed to estimate the other government implementation costs: 
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Step 1 - Determine what steps the other governments must take to put the proposed action into effect. 

Step 2 - Determine the requirements for government staff, outside contractors, materials, and equipment. 

Step 3 - Estimate the costs of the required resources, discount if appropriate, then sum (see Section B.2). 

Implementation is likely to affect a number of govenunent branches and offices. In developing estimates for the 
. implementation costs, the analyst is encouraged to contact all of the government components likely to be affected by the 
proposed action. The FORECAST computer code for regulatory effects cost analysis (Lopez and Sciacca 1996) allows 
inpUl for other govenuncnt costs. 

For the standard analysis, the analyst should identify the major tasks that must be perfonned to get the proposed rule 
implemented, major pieces of equipment (if any) that must be acquired, and major costs of materials. Major tasks are 
then assessed to estimate the approximate level of dfon (in professional staff person-hours) necessary to complete them. 
The number of person-hours for each task is multiplied by the appropriate labor rate and then summed over all of the 
tasks. 

-
Similarly, the costs to complete tasks that would be contracted out also need to be estimated. In order to obtain a 
reasonably good approximation of in-house and contractor costs, the analyst should contact the government agencies that 
would be responsible for carrying out or contracting for the tasks. Finally, the costs of major pieces of equipment and 
quantities of materials are added to the labor and contract costs. 

After a proposed action is implemented, the federal (non-NRC) government and state and local governments may incur 
operating costs. These are the recurring costs that are necessary to ensure continued compliance. For example, adding a 
new regulation may require that other government agencies in addition to the NRC perform periodic inspections to ensure 
compliance. The analyst should determine whether operations resulting from the proposed action will be conducted 
entirely by the NRC or in cooperation with one or more other govenunent agencies. 

The three steps for estimating the other government operating costs are 

Step 1 - Determine the activities that the other governments must perfonn after the proposed action is implemented. 

Step 2 - Estimate government staff labor, contractor support, and any special equipment and material required. 

Step 3 - Estimate the costs of the required resources, discount (usually over the remaining lifetimes of the affected facili
ties, as for NRC operation costs) to yield present value, then sum (see Section B.2). 

In detennining the required post-implementation activities, the analyst should carefully examine the proposed action, ask
ing such questions as the following: 

• Does compliance with the prop~sed action require non-NRC cooperation? 

• Is periodic review of industry performance required beyond that of the NRC? 

• What is an appropriate schedule for such review? 

• Does this action affect ongoing govenunent programs, and, if so, will it affect the costs of those programs? 
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Since recurring costs attributable to the proposed action may be incurred by several government branches and offices, the 
analyst is encouraged to contact all componems likely to be affected. 

For the standard analysis, the analyst should obtain estimates of the number of full-time equivalent professional staff 
person-hours that would be required to ensure compliance with the proposed rule. Each person-hour should be costed at 
the appropriate labor rate (an average. NRC labor rate of $67.50/person-hr [in 1996 dollars] maybe used as a substitute if 
no more specific value is available [refer to endnote 14]). Major recurring expenditures for special equipment and 
materials, and for comraclOrs, should be added. Since operating costs are recurring, they must be discounted as described 
in Section B.2, usually over the remaining lifetimes of the affected facilities. 

A major effort beyond the standard analysis would proceed along the lines described above, except that a more detailed 
and complete accounting would be expected. The analyst could request the responsible government agencies to provide 
available infurmation. 

5.7.12 General Public 

This attribute measures costs incurred by members of the general public, other than additional taxes, as a result of imple
mentation of a proposed action. Taxes are viewed simply as transfer payments with no real resource commitment from a 
societal perspective. Reduction in the net cost (i.e., cost savings) is algebraically positive; increase (i.e., cost accrual) is 
negative (viewed as negative cost savings). 

Typically, costs to the general public cover such items as increased cleaning due to dust and construction-related 
pollutants, propeny vruue losses, or inconveniences, such as testing of evacuation sirens. Care must be taken not to 
double count for general public and other government costs. If a cost could be assigned to either group, it should be 
assigned where more appropriate, the analyst remembering not to account for it again in the other auribute. 

The two steps to estimate costs to the general public are as follows: 

Step / - Identify the adverse impacts incurred by the general public to implement the proposed action. 

Step 2 - Estimate the costs associated with these adverse impacts, discount if appropriate, then sum (see Section 8.2). 

This attribute is not expected to be one commonly affected by regulatory actions. However, if relevant, the standard 
analysis would require the analyst to identify the major activities to implement the proposed action that will result in 
adverse impacts to the general pubHc. Public records or analogous experience from other communities could be used as 
infonnation sources to estimate the costs (0 the general public. 

5.7.13 Improvements in Knowledge 

This attribute relates primarily to proposals for conducting assessments of the safety of licensee activities. At least four 
major potential benefits are derived from the knowledge produced by such assessments: 

• improvements in the materials used in nuclear facilities 

• improvement or development of safety procedures and devices 

• production of more robust risk assessments and safety evaluations, reducing uncertainty about the relevant processes 

NUREGfBR~0184 5.58 

i ,. 
\. 



Value-Impact 

• improvement in regulatory policy and regulatory requirements. 

To the extent that the effects of regulatory actions can be quantified, they should be trealed under the appropriate quantita
tive attributes. On the other hand, if the effects from the assessments are not easily quantified. the analyst still has the 
burden of justifying the effort and providing some indication of its effect. If necessary. this justification would be 
expressed qualitatively under this auribute. An effort should be made to identify the types of values and impacts that are 
likely to accrue and to whom. 

Consider the following statement: 

This assessment effort has a reasonable prospect of reducing our uncertainty regarding the likelihood of contain
ment failure resulting from hydrogen burning. Such an accident may be a significant source of risk. The know
ledge from the proposed assessments would enable us to assess more accurately the overall accident risk posed by 
nuclear reactors. and this in tum should benefit the public through better policy decisions. 

While this statement describes why the proposed assessment is needed, no infonnation is provided for evaluating the 
merits of the proposed assessment. 

Providing answers to the following questions would help to fiU this information gap: 

• What are the likely consequences of a hydrogen-burning accident? 

• To what extent would the proposed assessment reduce the unceitainty in the likelihood of a hydrogen-burning 
accident? 

• Given our current information. what is the contribution of hydrogen burning to overall accident risk? 

The above questions are specific to a particular topic. For the broader problem of providing a value-impact ~ysis of an 
assessment proposal. it is recommended that the analyst be responsive to the following list of more general questions: 

• What are the objectives? 

• If the assessment is successful in meeting its objectives, what will be the social benefits? 

• Is there a time constraint on the usefulness of the results? 

• Who will benefit from the results. by how much. and when? 

• What is the likelihood that the assessment will fail to meet its objectives within the time and budget constraints? 

• What will be the social costs (and benefits) if the assessment is not successful, or if the assessment is not undertaken? 

5.7.14 Regulatory Efficiency 

Regulatory efficiency is an attribute that is frequently difficult to quantify. If it can be quantified. it should be included 
under one or more of the other quantifiable attributes. If quantification is not practical, regulatory efficiency can be 
treated in a qualitative manner under this attribute. For example achieving consistency with international standards groups 
may increase regulatory efficiency for both the NRC and the groups. However. this increase may be difficult to quantify. 
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If necessary. this justification would be expressed qualitatively under this attribute. An effort should be made to identify 
the types and recipients of values and impacts likely to accrue. If the proposed NRC action is expected to have major 
effects on regulatory efficiency, then a proper evaluation of these effects may require a level of effort commensurate with 
their magnitude. This may mean expending resources to obtain the judgments of experts outside of the NRC if the neces~ 
sary expertise is not available in~house. 

To obtain useful information, the analyst can solicit expert opinion in a number of ways. A general discussion of those 
methods and others is found in Quade (1975), especially Chapler 12, MWhen Quantitative Models are Inadequate. ~ One 
way is to convene the experts in a round~table discussion with the objective of reaching a consensus. This technique has 
some of the drawbacks of a committee meeting·oohen the assumptions are not made explicit, and strong~willed (or strong
voiced) individuals often carry undue weight. 

Another way of pooling expert opinion in a systematic manner is to use one of the numerous procedures for iterative group 
decision-making. For example, the Delphi technique (Dalkey and Helmer 1963; Humphress and Lewis 1982) is a proce
dure that features an anonymous exchange of information or expert opinion. This approach is designed to encourage the 
modification of earlier answers by each expert so that a group consensus·can be achieved. Even if consensus is not 
achieved, information is produced that allows the analyst to compile; statistical estimates of the responses. 

Whether the assessment is performed by a panel of experts or by the analyst, the following are questions that might be 
considered in order to focus on that assessment: 

• Does this action conniet with any other NRC/federal/state directives? 

• Are there any nuclear facilities for which (or conditions under which) this action might have unexpected or undesirable 
consequences? 

• Do you foresee any major enforcement problems with this action or regulation? 

• What sort of adjustments migl:lt industry undertake to avoid the regulation's intended effects? 

• How will the regulation impact productivity in the nuclear/electric utility industries? 

• How will this action affect facility licensing times? 

• How will this action affect the regulatory process within the NRC (and/or other regulatory agencies)? 

5.7.15 Antitrust Considerations 

This qualitative attribute is not expected to be one commonly affected by regulatory actions. However, the NRC does 
have a legislative mandate in Section 105 of the Atomic Energy Act to uphold the antitrust laws. Thus, this attribute can 
be relevant for those proposed actions which may potentially violate the antitrust laws. If applicable, antitrust considera~ 
tions should be explored with the NRC Office of the General Counsel early in the analysis to preclude analyzing an issue 
clearly in conflict with these laws. If antitrust considerations are involved, and it is determined that antitrust laws would 
be violated, then the proposed action must be reconsidered and, if necessary, redefined to preclude such violation. 
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5.7.16 Safeguards and Security Considerations 

Safeguards and security considerations include protection of the common defense and security and safeguarding restricted 
data and national security information. In more practical terms, tbis means providing adequate physical security and 
safeguards systems to prevent the diversion of certain types of fissionable and radioactive materials, the perpetration of 
acts of radiological sabotage, and the theft by unauthorized individuals of restricted data or national security information. 

The NRC bas a legislative mandate in the Atomic Energy Act to assure the objectives mentioned above. Through its 
regulations and regulatory guidance, the NRC has established a level of protection deemed to satisfy the legislative 
mandate. As is the case for adequate protection of the health and safety of the public, this level of protection must be 
maintained without consideration of cost. 

While quantification of safeguards and security changes may be difficult, the analyst should attempt quantification when 
feasible. If this process is impossible, the analyst may proceed with a qualitative analysis under this attribute. 
Section 5.7.14, where methods of evaluating expert opinion are discussed. may be helpful. 

5.7.17 Environmental Considerations 

Section 102 of the National Environmental Policy Act (NEPA) requires federal agencies to consider environmental impacts 
in the performance of their regulatory missions. NRC's regulations implementing NEPA are in 10 CFR Part 51. Any 
documentation prepared to satisfy NEPA and Part 51 should be coordinated with any regulatory analysis documentation 
covering the same or similar subject matter as much as possible. 

Environmental impacts can have monetary effects (e.g., environmental degradation, mitigation measures. environmental 
enhancements). which could render potential alternative actions unacceptable or less desirable than others. Therefore, at a 
minimum, such effects should be factored into the· value-impact analysis, at least to the extent of including a summary of 
the results of the environmental analysis. 

Many of the NRC's regulatory actions are subject to categorical exclusions as set forth in 10 CFR 51.22. In these cases, 
detailed environmental analyses are not performed, and there will be no environmental consideration to factor into the reg
ulatory analysis. In some cases, a generic or programmatic environmental impact statement (EIS) is prepared. If such is 
the case, Section 5.3 of the Guidelines allows portions of the EIS to be referenced in lieu of performing certain elements 
of the regulatory analysis. In the remaining cases, it may be that the regulatory analysis alternative being considered will 
initiate tbe requirement for review of environmental effects. For purposes of the regulatory analysis document, the 
preferred approach to be used in this situation is to perform a preliminary environmental analysis. identifying in general 
terms anticipated environmental consequences and potential mitigation measures. The results of this preliminary analysis 
should be quantified under the appropriate quantitative attributes. if possible, or addressed qualitatively under this 
attribute, if not quantified. 

5.7.18 Other Considerations 

There may be other considerations associated with a particular proposed action that are not captured in the preceding 
descriptions. Possible examples might include the way in which the proposed action meets specific requirements of the 
Commission, EOO. or NRC office director that requested the regulatory analysis; the way in which the proposed action 
would help achieve NRC policy; or advantages or detriments that the proposed action would have for other NRC programs 
and actions. If quantifiable, the effect should be included in essentially the same way as in the quantitative attributes. 
Because such considerations would be expected to be unusual, some additional discussion in the regulatory analysis 
document should be provided. 
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The analyst needs to give thoughtful consideration to the possible effects of the proposed action. Some of the effects may 
not be immediately obvious. The analyst may wish to consult with other knowledgeable individuals to aid in the identifica
tion of all significant effects. These considerations need to be presented clearly to facilitate the reader's understanding of 
the issues. 

When quantification of effects is not feasible, the analyst may still be able to provide some indication of the magnitude to 
facilitate comparison among alternatives, and comparison with quantifiable attributes. Comparative language (greater 
than, less than, about equal to) can be very helpful in achieving this objective, as long as the analyst can make the neces
sary judgements. Consultation with experts or other knowledgeable individuals may be required. 

5.8 Summarization of Value-Impact Results 

Having completed the value-impact analysis for one or more alternatives of the proposed action, the analyst should sum
marize the results for each alternative using a summary table such as tbat shown as Figure 5.1. Such a tabular 

Title of Proposed Action I Date 

Summary of Problem and Proposed Solution: 

Quantitative attribute 
Present value estimates -($) 

Low" Best High'" 

Public 
Accident 

Health 
RoUlme 

Occupational 
AcCident 
Routme 

Property 
OftSlte 

-On site 

Industry 
rnp ementatlon 

Operation 

NRC 
imPfementation 

( peratlon 
Other Govemment 

General PliOfIC 

f'fET-vAI:lJE1SUm) 

(a) - LOw estImates conespond to-the worst case, I.e. , highest costs and lowest benefits, 
relative to the baseline case. 

(b) Best estimates are nonnally the expected value, but could be other point estimates such as 
the mean or median (see Section 4.3 of the Guidelines). 

(c) High estimates conespond to lowest cost estimates and highest benefit estimates. 

Conunents: Discuss any other attributes considered, compliance with Safety Goal guidance, special considerations, etc. 

Flgure 5.1 Summary of V8lu~impact results 
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presentation provides a unifonn format for recording the results of the evaluation of all quantitative attributes plus a 
comments section to discuss other attributes considered, compliance with the Safety Goal guidance, special considerations, 
etc. It displays the results for the net-value measure, discussed in Section 5.2'. 

All dollar measures should be present valued and expressed in terms of the same year. This may require conversion of 
some dollar values from whatever years in which they have been expressed to one common year. Sciacca (1992) describes 
techniques for these conversions. The Gross Domestic Product (GDP) price deflator can be used to convert historical 
nominal dollars to dollars of one common year. Financial publications, such as National Economic Trends by the Federal 
Reserve Bank of St. Louis, supply implicit price deflators for the GDP, through the current year. GDP price deflator 
infonnation from the Federal Reserve Bank of Chicago is also available at the following Internet address: 
http://gopher.great-lakes.net:2200/0/partners/ChicagoFedJeconindJ. 

When recording the low and high estimates for an attribute, the analyst should genera1ly record the lowest and highest 
estimates if multiple estimates are made. For e:wnple, suppose the analyst calculated a best estimate of -$5.0E+5 for 
NRC implementation cost (the negative value indicates the cost will be an expense rather than a savings), The analyst then 
perfonned two separate sensitivity analyses, obtaining the following sets of low (more negative) and high (less negative) 
estimates: 

Sensitivity A 
Sensitivity B 

I...cw Estimate 
-$7.5E+5 
-$l.OE+6 

High Estimate 
-$2.5E+5 
-$3.0E+5 

The analyst should record the lowest (most negative) and highest (least negative) estimates in Figure 5.1 (i.e., -$1.0E+6 
and -$2.5E+ 5, respectively), even though each comes from a different sensitivity analysis. 

The net value is the required value-impact measure (see Section 5.2). Its calculation is the sum of the present value of all 
the quantitative attributes. Infonnation on computing present value is in Section 8.2. A positive net value result indicates 
an overall cost savings for the proposed action. A negative net value result indicates the opposite. As mentioned in 
Section 5.2, the net value is an absolute measure, reflecting the magnitude of the proposed action's contribution toward the 
specified goals. The results of the value-impact assessment can be displayed as a ratio and in tables andlor graphs, in 
addition to a summary table for additional perspectives. 

5.9 Endnotes for Chapter 5 

1. Section 4.4 of the Guidelines allows the analyst to display the results of a value-impact analysis as a ratio of values 
to impacts, all expressed in dollars. The numerator would sum the estimates for all quantifiable attributes classified 
as values, while the denominator would do likewise for impacts. Section 4.4 of the Guidelines views a value-impact 
ratio as supplemental to the net value, not as a replacement. 

2. The tenn "equation" is loosely used to indicate anything from a single mathematical expression (e.g., one for a 
major fire at a non-reactor facility) to a complete computer analysis (e.g., a core damage assessment for a power 
reactor). 

3. The double index notation indicates that an initiating event j can lead to several accident sequences i. 
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4. Levell analyses generally produce a list of core--damage accident sequences, together with the overall core-damage 
accident frequency as their fmal product. Level 2 analyses take the Levell analyses one· step further by evaluating 
the containment response to the accident sequences and the associated containment release magnitudes. Level 3 
analyses take the Level 2 analyses one step further by evaluating the public risk associated with the containment 
release frequencies and magnitudes. As a result, Level 3 analyses are the preferred tools for evaluating the effect of 
a proposed action on public risk. 

5. Developed. by the Southwest Research Institute, San Antonio, Texas. 

6. An error factor f is used as follows to estimate upper and lower bounds, presuming a positive value for the best 
estimate: 

Upper Bound = Best Estimate x f · 
Lower Bound ;;: Best Estimate I f 

7. As discussed in Section 5.7.1.1, public health (accident) may be affected through a mitigation of consequences 
instead of (or as well as) a reduction in accident probability, 

8. Andrews et al. (1983) provide .a conceptual discussion of assessing the risk for this type of proposed action. 

9. The equations included in this Handbook (e.g., Section 5.7.1.3) apply a discounting tenn to doses associated with 
both implementation and operational impacts. In practice, the implementation dose may be of such short duration 
that discounting is not necessary. Its inclusion here is in recognition that, in some cases, implementation may e;o;tend 
over a longer period than one year. 

10. NRC has required its contractors to estimate onsite dose rates in the Suny and Grand Gulf risk assessments during 
low power and shutdown operations (Brown et al . 1992; 10 et al . 1992). 

11. Based on ANL estimates, a cleanup period as long as 10 years may be needed following a major power reactor 
accident (see Section 5.7.6.1). Long·tenn doses will occur over some portion of this time. 

12. Accidents at non·reactor nuclear facilities could also lead to the need for replacement services of the same type 
provided by the facility where the accident occurred. 

13. NRC implementation costs associated with facility closure may be increased if the facility closes prematurely (see 
Section 5.7 .7.2) . 

14. The $67.50 hourly rate is derived from lune 1996 data and the technique described in Abstract 5.2 of Sciacca 
(1992). 
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Appendix B 

Supplemental Information For Value-Impact Analyses 

This appendix presents data on the number of operating power reactors and their remaining lifetimes, methods of eco
nomic discounting and present value calculation, data on occupational exposure experience at nuclear power plants and 
some nOD-reactor facilities, additional cost information, and a description of the calculational method. used to generate 
Thble 5.3. ftExpected Population Doses,· for power reactor plant damage states. These can be used by the analyst to 
support his evaluation of attributes during the-value-impact analysis portion of a regulatory analysis. 

B.1 Numbers of Operating Power Reactors and Their Remaining Lifetimes 

Table B.l lists the numbers of operating power reactors and their remaining lifetimes relative to 1993. The lifetimes are 
based on the years in which the Operating Licenses currently expIre, as reported in NUREG-1350. VolA (NRC 1992). 
Table B.t lists the plants by vendor and reactor type. 

Thble B.l Numbers and lifetbnes of operating nuclear power plants 

Reactor Supplier 

Westinghouse 

General Electric 

Combustion 
Engineering 

Babcock and 
Wdcox 

All PWRs 

All BWRs 

All Plants 

(a) Relative Q) 1993. 

Type 

PWR 

BWR 

PWR 

PWR 

N 

74 

37 

III 

Nwnber of Average Remaining 
Operating Units (N) Lifetime ('I) (years)(II 

52 25.4 

37 23.3 

15 23.7 

7 21.4 

T (yean) 

24.7 

23.3 

24.2 

B.2 Economic Discounting and Calculation of Present Value 

1b evaluate the economic consequenCes of proposed regulatory actions, the costs incuned or saved over a period of years 
must be summed. 
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This summation cannot be done directly because an amount of money available today has greater value than the same 
amount at a future date. There are several reasons for this difference in value: 

• the present amount of money can be invested and the total amount increased through accumulated interest 

• certain consumption today is superior to contingent consumption in the future 

• the option of present or future consumption is superior to future consumption alone. 

A method known as "discounting" is used to compare amounts; of money expended at different times. The result of dis
counting is called the "present value," the amount of money that must be invested today to achieve a specified sum in the 
future. To perform the discounting procedure, the analyst must know three parameters: 

• the discount rate 

• the time period over which discounting is to be perfunned 

• the amount of money or value that is to be discounted. 

B.2.1 Discount Rate 

( 

The appropriate discount rate to use is often a controversial issue in the application of value-impact analysis. NRC Guide
lines Section 4.3.3 states that the discount rates specified in the most recent version of OMB Circular A-94 are to be used 
in preparing regulatory analyses. Circular A-94 currently specifies use of a real discount rate (r) of 7% per year (' . 
(OMB 1992). NRC Guidelines Section 4.3.3 funher states that a discount rate of 3% should be used for sensitivity \ 
analysis to indicate the sensitivity of the results to the choice of discount rate. 

When the time horizon associated with a regulatory action exceeds 100 years, Section 4.3.3 of the Guidelines specifies that 
the 7% real discount rate should not be used. Instead the net value should be calculated using the 3% real discount rate. 
In addition, the results should be displayed showing the values and impacts at the time they are incurred with no 
discounting (see Section 5.7) . 

OMB Circular A-94 defines the term ~discount rate" as the interest rate used in calculating the present value of expected 
yearly benefits and costs. When a real discount rate is used as specified" in Section 4.3 of the Guidelines, yearly benefits 
and costs should be in real or constant dollars. Circular A-94 defines "real or constant dollar values" as economic units 
measured in terms of constant purchasing power. A real value is not affected by general price inflation. Real values can 
be estimated by deflating nominal values with a general price index, generally the GOP deflator as discussed in 
Section 5.8. 

B.2.2 Discrete Discounting 

The following fonnula is used to determine the present value (PV) of an amount (FJ at the end of a future time period: 

PV = F/(l + r)', 

where r = the real annual discount rate (as fraction, not percent) 
t = the number of years in the future in which the costs occur. 
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