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ABSTRACT

The basic purpose of this handbook is to document a set of systematic
procedures for providing information that can be used in performing value-
impact assessments of Nuclear Regulatory Commission (NRC) regulatory actions.
The handbook describes a structured but flexible process for performing the
assessment.

Chapter 1 is an introduction to the value-impact assessment process.
Chapter 2 describes the attributes most frequently affected by proposed NRC
actions, provides guidance concerning the appropriate level of effort to be
devoted to the assessment, suggests a standard format for documenting the
assessment, and discusses the treatment of uncertainty. Chapter 3 contains
detailed methods for evaluating each of the attributes affected by a regulatory
action. The handbook has five appendixes containing background information,
technical data, and example applications of the value-impact assessment proce-

dures.

This edition of the handbook focuses primarily on assessing nuclear power
reactor safety issues.
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FOREWORD

From the outset, producing a credible, useful value-impact handbook has
been accepted as an evolutionary process. The present version of the handbook
is intended to provide a basis for applications by a wide range of users both
within the NRC and elsewhere. As experience is gained using the procedures
described in the handbook, it is likely that a variety of possible extensions
and refinements of the procedures will be identified. In order to ensure that
insights obtained through experience are fully reflected in future revisions of
the handbook, readers are invited to send their comments to A. J. DiPalo, Divi-
sion of Risk Analysis, Office of Nuclear Regulatory Research, NRC, and M. F.
Mullen, Energy Systems Department, Pacific Northwest Laboratory.
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1.0 - INTRODUCTION

In January 1983, the NRC published guidelines for pérforming the regqula-
tory analyses required for a broad range of NRC regulatory actions (U.S. NRC
1983). The principal purpose of the guidelines is’

"to ensure that the NRC regulatory decisions are based on adequate
information concerning the need for and consequences of a proposed
regulatory action and to ensure that cost-effective regulatory
actions, consistent with providing the necessary protection of the
public health and safety and common defense and security, are identi-~
fied.,"

The guidelines establish a structured framework for NRC regulatory
analyses and describe in general terms the information that must be included.
According to the guidelines, a central element in all reqgulatory analyses is an
evaluation of the costs and benefits of the proposed regulatory action and any
reasonable alternatives. In the NRC, such cost-benefit evaluations have tradi-
tionally been cailled value-impact assessments.

The basic objective of this handbook is to document a set of systematic
procedures for providing information that can be used in performing value-
impact assessments. The use of these procedures in such assessments is
intended to support the purpose of the Regulatory Analysis Guidelines, quoted
earlier, and to help provide a coherent, understandable, well-documented
account of the basis for NRC regulatory actions. ”

The handbook is designed to assist the analyst in carrying out a value-
impact assessment and displaying the results. A systematic but flexible proce-
dure for performing the assessment is ‘described. For each step in the proce-
dure, several options are presented and specific guidance is given for each.
The analyst is expected to tailor the assessment to fit the needs of the prob-
lem under consideration. ‘ '

The handbook can be a useful guide for the analyst if properly used and
interpreted; however, a few words of caution are appropriate. First, while a
value-impact assessment can document an important part of the information
needed to support regulatory decisions, the quantitative portions of such
analyses cannot, and are not intended to, serve as the sole or even the prin-
cipal basis for regulatory decisions. Other inputs are needed, including, for
example, policy judgments, uncertainty considerations, budgetary constraints,
and statutory requirements. ~Second, a value-impact assessment can provide only
an approximate measure of the costs and benefits of proposed regulatory
actions. Even a rough approximation can be very useful, but it is essential
for the analyst to recognize and attempt to make explicit both the uncertainty

1.1



in the analysis and its implications. The handbook provides guidance for
treating uncertainties, but no routine procedure can eliminate the need for
careful consideration by both analyst and decisionmaker of the dependence of
the conclusions ‘on uncertain data -and assumpt1ons. :

Third, the most important 1ngred1ent in produc1ng a high quality. va]ue-
impact assessment is the judgment and understanding of the analyst. The hand-
book can assist .the analyst, by setting out a uniform format, suggesting an
overall approach, providing guidance -for performing certain calculations or for
obtaining certain kinds of data, and organizing these procedures in a conve-
nient form. There is, however, no substitute for sound judgment on the part of
the analyst. : : :

Finally, the real strengths of a consistent, systematic analysis are the
disciplined approach that it fosters and its clear.display of the important
information in understandable form so that the assumptions and analysis can be
scrutinized and, if appropriate, challenged by interested parties. The analyst
should view the handbook as a flexible tool hﬁt can assist in documenting the.
analysis and clearly displaying the results.

1.1 OVERVIEW OF VALUE-IMPACT APPROACH

A simplified schematic of the value-impact assessment process and its
role in the logic flow of NRC regulatory decisions is shown in Figure 1.,1. The
assessment process has three steps. First, based on an exact description of
the progosed NRC action, the attributes affected by the action are identi-
f1ed The effect of the proposed action on each attribute is then evalu-
ated. Next, these individual evaluations are summarized, and the value-impact
results displayed. If appropriate, sensitivity studies are performed to show
the effect of changing underlying assumptions or data in the value-impact
assessment. ?r each alternative to be considered, the same three-step process
is followed. (C The insights from the value-impact assessment together with
other regulatory considerations serve as input to the decision maker, who may
then accept, reject, or modify the proposed regulatory action. Only those
items within the dashed lines in Figure 1.1 are part of the va]ue -impact ‘asses-
sment and within the scope of this handbook.

(a) Appendix A contains additional 1nformat1on on the background and role of
value-impact assessment.

(b) The term "attributes" is commonly used in decision ana]ys1s to denote the
categories of consequences that are relevant in assessing a particular
decision. Examples’of attributes are industry implementation
consequences, offsite property consequences, and effects on public health.

(c) The identification and analysis of a]ternat1ve regulatory actions are
discussed further in Appendix A.
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For the purposes of this handbook, the terms "value" and “impact" are
described as foHows.(a Values measure the public benefits that the NRC is
required to seek as its statutory mission., Examples include safety improve-
ments and improvements in safety-related knowledge. Impacts measure the other
consequences of the proposed action. Examples include increases in NRC and
industry implementation and operating costs resulting from the action. Conse-
quences are measured in terms of a change from the existing condition. Hence,
the base represents the status quo or "no action" alternative.

Any given NRC action can have a number of effects. Ideally, all signifi-
cant effects should be considered in the assessment. In practice, however, the
conclusions will not be affected very much if minor effects are disregarded.
The attributes identified in this handbook (and listed in Table 1.1) are inten-
ded to capture the major potential effects of NRC actions. They were developed
in conjunction with NRC staff from RES, NRR, and DEDROGR. Although these
attributes were developed primarily for assessing reactor safety issues, they
can be applied, with extensions and modifications, to other NRC regulatory
decision-making activities. In any particular appiication, the analyst should
carefully consider 1) whether these attributes are complete, i.e., whether they
encompass all of the important consequences of the proposed action; and
2) whether they are all necessary or appropriate for the particular action
under consideration. The analyst should then supplement or modify the attri-
butes as appropriate. Chapter 2 contains a more complete discussion of the
attributes and their role in value-impact assessment.

TABLE 1,1, Attributes

Public Health

Occupational Exposure (Accidental)
Occupational Exposure (Routine)
Offsite Property

Onsite Property

Regulatory Efficiency
Improvements in Knowledge
Industry Implementation
Industry Operation

NRC Development

NRC Implementation

NRC Operation

(a) These definitions coincide with those currently in use by NRR and are
intended to emphasize the NRC's statutory responsibilities for protection
of the public health and safety and for common defense and security.

1.4



Chapter 3 of this handbook describes evaluation procedures for each attri-
bute. To the degree possible, specific guidance is given. Where detailed
descriptions cannot be given, appropriate references are provided. The hand-
book has five appendixes with supporting information and examples of value-
impact assessments.

Among the many methods available for summarizing and displaying the
results of the attribute evaluations, two of the more widely used methods have
been selected for treatment in the handbook:

® a ratio method. The total net public health value of the proposed
action, expressed in terms of the expected reduction in public expo- -
sure, is divided by the total costs (NRC, industry, and any other)
of the action. The units of the ratio are person-rem (averted) per
million dollars. Other factors and special considerations are dis-
played separately.

® a net-benefit method. To the extent possible, all attributes are
quantified in monetary terms and the dollar values are added
together (with the appropriate algebraic signs). The result is the
net .benefit, in units of dollars. Other factors and special con-.
siderations are displayed separately. When the net-benefit method
is used, the factors used to convert non-monetary attributes to dol-
lars should be explicitly stated. ‘

In selecting these two methods for inclusion in the handbook, the criteria
were that the methods must be understandable, well-accepted and have adequate
sophistication without undue complexity. The economics and decision analysis
literature abounds with alternative methods, some of which are very valuable in
particular applications. The reader interested in exploring these alternatives
should consult such references as Fischhoff et al. (1981), Keeney and Raiffa
(1976) and Mishan (1976). The ratio and net-benefit methods are described in
more detail in Chapter 2.

1.2 ADVANTAGES OF THE HANDBOOK FOR THE DECISION MAKER

The value-impact assessment methodology described in this handbook will
help ensure that the decision maker has a clear definition of all of the attri-
butes affected by a proposed regulatory action. While the present version of
the handbook concentrates on power reactor safety issues, the same attributes
can be expanded to cover a broader range of regulatory decisions. The quanti-
fication of the attributes applicable to a given decision will help the
decision maker evaluate the proposed action. The exposition of the decision
attributes in a clear, concise manner will help ensure that all applicable
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attributes have been considered. The definition of the methods for calculating
the attributes will demonstrate that the attributes have been evaluated in a
consistent manner. The methods described in the handbook provide enough flexi-
bility that the evaluation can be adapted to meet the needs of the issue under
consideration.

1.3 ADVANTAGES OF THE HANDBOOK FOR THE ANALYST

The handbook provides.a uniform framework for performing a value-impact
assessment and presenting the results. It defines a standard set of attributes
that can be used or modified according to the issue, and provides guidance on
evaluating the attributes. It suggests ways to summarize and display the
results. ‘It allows enough flexibility to adapt to the particular decision at
hand. The analyst is provided with guidance on the appropriate level of effort
to be expended. Suggested data values are given to assist in making approxi-
mate or limited analyses. Finally, references are provided to alternative
analytical methods and to potentially useful data bases.
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2.0 STRUCTURE OF VALUE-IMPACT ASSESSMENT

This chapter describes the structure of the value-impact assessment, pro-
viding both general guidance and specific instructions. It begins with a dis-
cussion of the basic methodology, describing the attributes considered, the
evaluation of these attributes, and methods for summarizing and presenting the
results of the assessment. It continues with guidance for scoping or evalu-
ating the appropriate level of effort to be committed to a given value-impact
assessment. This is followed by specific instructions for the conduct of the
assessment itself. The chapter concludes with a discussion of the treatment of

uncertainty.

2.1 BASIC METHODOLOGY

Value-impact analysis identifies and estimates the relevant values and
impacts likely to result from a proposed NRC action. The methodology outlined
in this handbook guides the systematic definition and evaluation of values and
impacts. It also provides guidance on the reporting of results.

The following sections present the basic attribute descriptions, attribute
evaluation procedures, and two methods for summarizing and displaying attri-
butes in a convenient and useful form.

2.1.1, Definition of Attributes

The principal components of value-impact assessment are the attributes
that are used to characterize the consequences of a proposed action. Any given
NRC action can affect a large number of factors within the public and private
sectors. VThe attributes described below 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 deter-
mine the appropriateness of each attribute. In each application, the analyst
should also carefully consider whether there are other important consequences
of the proposed action not covered by these attributes. If necessary, the
analyst should extend or modify the attributes so that all important conse-
quences are properly considered.

In this handbook, values and impacts are described as fo]lows:(a)

(a) These definitions coincide with those currently in use by NRR and are
intended to emphasize the NRC's statutory responsibilities for protection
of the public health and safety and for common defense and security.
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Values measure the public benefits that the NRC is required to seek
as its statutory mission. Examples include safety improvements and
improvements in safety-related knowledge.

Impacts measure the other consequences resulting from the proposed
action., Examples include increases in industry implementation and
operating costs. '

Attributes can have either positive or negative algebraic signs, depending on
whether the proposed action has a favorable or adverse effect on a particular
attribute. The sign conventions are as follows: Favorable consequences are.
positive; adverse consequences are negative. Each attribute measures the
change from the existing condition due to the proposed action. The following
list briefly describes, each attribute used in the handbook. This 1ist is
oriented primarily toward reactor safety issues. However, with some extensions
and modifications, these attributes can also be used in assessing other. kinds
of issues. More detailed discussions of each attribute are given in Chapter 3.

Attributes

Public Health., Expected changes in public exposure to radiation due
to offsite radioactive releases, measured for all affected plants
during the remainder of their lifetimes. A positive sign would indi-
cate a reduction in expected public exposure while a negative sign
would indicate an increase.

Occupational Exposure (Accidental). Expected change in exposure to
employees as a direct result of postulated accidents (summed over all
affected plants for the remainder of their lifetimes). A positive
sign would indicate a reduction in expected exposure while a negative
sign would indicate an increase.

Occupdtional Exposure (Routine). Expected change in exposure to
employees as a result of installation, modification, and maintenance
of the proposed changes. A positive sign would indicate a reduction
in routine occupational exposure as a result of the change while a
negative sign would indicate an increase.

Offsite Property. The expected total monetary savings to offsite
property resulting from the proposed action, i.e., from reduced acci-
dent frequencies and consequences. A positive sign would indicate a
reduction in expected offsite property losses from postulated acci-
dents while a negative sign would indicate an increase.
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Onsite Property. The expected monetary savings to all affected
licensees from the proposed action, i.e., from averted plant damage
costs--including replacement power, decontamination, and refurbish-
ment costs. A positive sign would indicate a reduction in expected
onsite property losses from the postulated accident while a negative
sign would indicate an increase.

Regulatory Efficiency. Expected regulatory and compliance improve-
ments resulting from the proposed action. These may include changes
in industry reporting requirements and the NRC's inspection and

review efforts.

Improvements in Knowledge. The potential value of new information,
especially from research 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 uncertainty reduction.

Industry Implementation. The projected net economic effect on the
licensee to install or implement mandated changes. Costs will
include capital equipment, staff labor, materials, and shutdown
costs, including the cost of replacement power as appropriate. Addi-
tional costs above the status quo would have a negative sign (since
they are adverse consequences of the proposed action) while cost sav-
ings would have a positive sign.

Industry Operation. The projected net economic effect on the licen-
see due to changes in routine, periodic operation and maintenance
caused by the proposed action. This shall include, if appropriate,
replacement power costs attributable to required operating and main-
tenance tasks. Additional costs above the status quo would have a
negative sign while cost savings would have a positive sign.

NRC Development. The projected net economic effect on the NRC of
preparing the proposed action for implementation. Research activi-
ties in support of a proposed action would be included here. How-
ever, costs already incurred are sunk costs and should not be
included. Additional costs above the status quo would have a nega-
tive sign while cost savings would have a positive sign.

NRC Implementation. The projected net economic effect on the NRC to
place the proposed new requirements into operation. Additional costs
above the status quo would have a negative sign while cost savings
would have a positive sign.,
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® NRC Operation. The projected net economic effect on the NRC after
the proposed action takes effect. Additional inspection activities
would be one example of such costs.  Additional costs above the
status quo would have a negative sign while cost savings would have
a positive sign. :

2.1.2 Evaluation of Attributes

For each attribute, the analyst should assess the change relative to the
existing condition (status quo). For example, measures of risk would reflect
the risk averted or incurred, and measures of cost would show added costs or
cost savings. Thus, consideration of the status quo alternative, required
under the Regulatory Analysis Guidelines (U.S. NRC 1983c), is incorporated.

The preceding attributes considered in the value-impact assessment apply
to a wide range of NRC decision problems. Depending upon the decision problem
and the method of summarizing the attributes (i.e., ratio or net 'benefit), the
attributes that need to be evaluated in any given analysis may differ. To
assess proposed research, for example, more effort will be required to treat

improvements in knowledge, while proposed safety actions will require greater
evaluation and quantification for exposure reduction measures.

Evaluation of Attributes Involving Radiation Exposure

Three attributes involve radiation exposure: 1) public health, 2) occu-
pational exposure (accidental), and 3) occupational exposure (routine). 1In
quantifying each measure, the analyst should assess the change (or risk aver-
ted) relative to the existing condition.

For accident-related exposures, the measure will be probabilistically
weighted; i.e., the potential consequence is multiplied by its probability of
occurrence, The nonaccident terms, e.g., routine occupational exposure, are
given in the terms of annual expected effect. Both types of terms would be
integra gd over the lifetime of the affected facilities to show the total
effect.

Each of the attributes involving radiation exposure can be characterized
in terms of person-rem, either averted by or resulting from implementation of
the proposed action., A difficult issue is the relationship between these
attributes, in units of person-rem, and other attributes that are measured in
units of dollars. The issue is controversial; no definitive resolution is
available at present. In the following discussion, several variations in

(a). Discounting is not applied to these attributes.

2.4



approach are described and the portion of the NRC's Policy Statement on Safety
Goals for the Operation of Nuclear Power Plants (U.S. NRC 1983a) that bears on
this issue is quoted.

One approach is to define a monetary equivalent for a person-rem of expo-
sure and then simply convert the attribute evaluations from person-rem to dol-
lars. With all attributes expressed in dollars, the net benefit can be
calculated and used, with appropriate caveats and qualifications, as a summary
measure. (In principle, it would also be possible to calculate a ratio, which
would measure dollars of benefit or value obtained per dollar of cost incur-
red.) The difficulty in this approach resides in choosing a suitable monetary
equivalent for a person-rem of exposure.

A second approach is to refrain from defining a monetary equivalent for a
person-rem of exposure, allowing the attributes involving radiation exposure to
have different units than those involving costs. In this case, of course, the
net benefit cannot be calculated, but as detailed below, a value-impact ratio
can be calculated. It will typically have units of person-rem per million dol-
lars, and will be a measure of the radiation exposure averted per million dol-
lars of cost incurred. This can then be used, with appropriate caveats and
qualifications, as a summary measure. Without additional guidance, however,
this leaves unanswered the question of how values in person-rem can be related
to impacts in dollars.

As part of its Policy Statement on Safety Goals (U.S. NRC 1983a), the Com-
mission has established for evaluation during a two-year period (but not for
regulatory use during that period) some proposed guidance on relating safety
improvements measured in person-rem to costs in dollars. The guidance is con-
tained in the Benefit-Cost Guideline, which states in part:

"Benefit-Cost Guideline. The Commission has adopted a benefit-cost
guideline for use as one consideration in decisions on safety
improvements. It has decided that a guideline of $1,000 per per-
son-rem averted be adopted for trial use. The value is to be in 1983
dollars. This value should be modified to reflect general inflation

in the future.

"The benefit of an incremental reduction of societal mortality risks
should be compared with the associated costs on the basis on $1,000
per person-rem averted.

“This guideline is intended to encourage the efficient allocation of
resources in safety-related activities by providing that the expected
reduction in public risk that would be achieved should be commensu-
rate with the costs of the proposed safety improvements. The bene-
fits as measured by an incremental reduction of societal mortality

2.5



risks in terms of person-rem averted should be compared with the
reasonably quantifiable costs of achieving that benefit (e.g., design
and construction of plant modifications, incremental cost of replace-
ment power during mandated or extended outages, changes in operating
procedures and manpower requirements)."”

The benefit-cost guideline has stimulated considerable discussion from a
variety of viewpoints. The numerical value of $1000 per person-rem averted has
been the subject of a lively debate and alternative values have been suggested
on both sides of the Commission's trial value. The debate is likely to con-
tinue for some time while the Safety Goal Policy Statement is under evaluation.
In the meantime, the analyst should employ a range of values in the assessment
so that the sensitivity of the results to the assumed numerical value can be
examined. One of the values used in the sensitivity analysis should be $1000
per person-rem. Additional details on the evaluation of attributes involving
radiation exposure are contained in Section 3.2.2.

Evaluation of Monetary Attributes

Monetary attributes should be discounted to present va]ue.(a) While this
operation involves an assumption regarding the remaining lifetime of a faci-
lity, it is the same assumption that must be made to derive a levelized cost
(units of dollars/year). The total dollar figures capture both the number of
facilities involved (in the case of generic rulemaking) and the economic 1life-
time of the affected facilities. The Regulatory Analysis Guidelines (U.S. NRC
1983c) specify constant-dollar present value as a measure for all monetary
terms. Furthermore, they suggest the use of a 10% real discount rate, although
the use of other rates for sensitivity testing is also advised. A 5% rate for
sensitivity testing is suggested in Offiie of Nuclear Reactor Regulation (NRR)
guidelines for value-impact assessments. b)

Evaluation of Attributes with Undefined Units

Two of the attributes do not have defined units of measure, "Regulatory
Efficiency” and "Improvements in Knowiedge." It is likely that the evaluation
of these attributes will not provide results in engineering units.

To the degree to which these attributes can be quantified, they should be,
and that quantification should be documented.- In some instances, quantifica-
tion can be completed up to the point of conversion to dollars, A more likely
occurrence is that the factor affected does not lend itself to quantification
or that the nature of the proposed action precludes a clearly definable
effect. In these more nebulous cases, the treatment of attributes should take

(a) Basic concepts and methods of discounting are reviewed in Appendix C.
(b) NRR Office Letter No. 16, 1983,
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the form of a written evaluation in which the analyst describes as clearly and
concisely as possible the precise effect of the proposed action on the attri-
bute affected. '

Importance of Uncertainty

A value-impact assessment provides an approximate measure of the conse-
quences of a proposed regulatory action. In order for the assessment to be
useful, an indication of the uncertainties in the results is needed. Sec-
tion 2.4 discusses the treatment of uncertainties in value-impact assessment.
Additional guidance is given in Chapter 3. As was noted in the introduction,
however, no routine procedure can eliminate the need for careful consideration
--by both the analyst and the decision maker--of the dependence of the conclu-
sions on uncertain data and assumptions.

2.1.3 Summarization of Attributes

Once individual attributes have been evaluated, these evaluations are sum-
marized and displayed. A large number of methods exist for summarizing attri-
butes. In selecting methods for use in the handbook, the criteria used were
that the method be credible, well-accepted and adequately sophisticated without
being unnecessarily complex. The goal is to provide comprehensive methods that
are tractable and useful. Two methods are identified which meet these cri-
teria: the ratio method and the net-benefit method. While making use of
essentially the same individual attribute evaluation procedures, the two
methods are distinct.

This section provides an overview of the two methods described in this
handbook for summarizing and displaying the results of a value-impact assess-

ment. First, the role of such methods in the value-impact assessment process
is defined. Second, the salient features of each method are outlined. Third,

a comparative discussion of the two methods is presented.

The Role of the Two Methods

As indicated earlier, the value-impact assessment process starts from a
precise definition of the issue to be evaluated and then proceeds in three key

steps:

1. definition of attributes
2, evaluation of attributes
3. summarization and display of results.

The issue definition and first analytical step are fundamental and always war-

rant careful consideration since they determine what information will be inclu-
ded in the assessment. The handbook suggests a uniform set of widely useful
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attributes, thereby 1ending'a degree of consistency to the process. Of course,
this does not eliminate the need for careful consideration on the part of the
analyst, taking account of the particular characteristics of each problem.

The second step, evaluation of attributes, generates the bulk of the tech-
nical analysis and information produced in the assessment process, and may
occupy the largest fraction of the analyst's time and effort. The handbook
treats these evaluations in considerable detail in Chapter 3.

At the conclusion of the second step, the analyst possesses a large.amount
of information in the form of quantitative and/or qualitative evaluations for
each of the identified attributes. The purpose of the third step is to con-
dense this information; the aim is 1) to put the information in perspective so
that it can serve as a useful input to regulatory decision making, and 2) to
ensure that the implications of the assessment are clearly and concisely docu-
mented.

Any summary of complex data entails a compromise between ease of under-
standing and level of detail. In many cases, a single bottom-line summary may
obscure important information. In risk assessment, for example, estimates of
average risk, if used by themselves, would not convey potentially important
information about the distribution of risks (e.g., the relative contribution of
accidents with large consequences as compared with those with small conse-
quences). '

This handbook recommends a flexible approach to summarizing and displaying
the results of a value-impact assessment. Two methods are presented. As the
discussion to follow will indicate, each has certain strengths and limitations
but both can provide useful perspectives on the need for and consequences of
proposed regulatory actions. In many cases, it will be worthwhile to examine
the results with both methods.

Ratio Method

The Office of Nuclear R agtor Regulation has issued guidelines for use by
NRR for regulatory analyses;\?/ these guidelines supplement the NRC Regulatory
Analysis Guidelines (U.S. NRC 1983c). Among other things, the supplementary
guidelines recommend the calculation of a "Value/Impact Ratio," described as
follows:

“The total net safety value of the proposed action, typically in person-
rem of public dose avoided, is related to total costs (NRC, industry, plus
any other) in terms of a ratio, typically person-rem/$ million. This

(a) NRR Office Letter No. 16, 1983,
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ratio, along with safety importance, can be used as a partial basis for
comparing alternatives, including evaluation against the no-action alter-
native, and ranking for implementation priority in relation to other
issues."

The NRR guidelines emphasize the importance of complementing the quantita-
tive value-impact ratios with other considerations that may be important but
are not adequately reflected in the quantitative ratios.

Net -Benefit Method

The net-benefit method is one of several widely used methods in cost-
benefit analysis and is required in regulatory impact ana]y?eg prepared in
accordance with Executive Order 12291 of February 17, 1981.'2) To the extent
possible, all values and impacts (or costs and benefits) are quantified in
monetary terms and added together (with the appropriate algebraic signs) to
obtain the net benefit in dollars. Like the ratio method, the net-benefit
method provides for a supplementary evaluation of those effects that are not
adequately reflected in the quantitative net-benefit measure.

Comparison of the Methods

Each of the methods has two aspects that must be clearly distinguished if
meaningful comparisons are to be made. First, each calculates a numerical
value that is intended to summarize the balance between the favorable and
unfavorable consequences of the proposed action. Second, each method provides
for additional considerations to complement the numerical values. Since the
primary purpose of these supplementary considerations is to remedy any short-
comings or limitations of the numerical summaries, the differences between the
two methods are not as sharp as they would be if only the numerical summaries
were compared. In fact, if the numerical summaries are judiciously interpreted
and accompanied by appropriate supplementary considerations, there should be
little if any practical difference in the conclusions reached by the two

‘methods., After all, the two methods are based on essentially the same infor-

mation.

Nevertheless, the two methods are different in the sense that they reflect
different perspectives on what is a "cost effective regulatory action," to use
the language of the Regulatory Analysis Guidelines (U.S. NRC 1983c). It is
worthwhile to clarify the distinction between the two methods, not to determine
which is "better," but rather to gain some insight into how each can be inter-
preted. A sharper distinction can be drawn if one compares the numerical

(a) Executive Order 12291. ‘“Federal Regulation." Federal Register. February
18, 1981. This executive order applies to Executive Branch agencies; the
- NRC, as an independent agency, is not bound by these requirements.
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summary measures alone, ignoring the supplementary considerations. For
purposes of discussion, then, the following comparisons are based only on the
numerical summary measures.

First, it is important to stress that the net benefit and the value-impact
ratio do not measure the same thing, although both are concerned with "cost-
effectiveness." The basic perspective of the net-benefit measure is national
economic efficiency. All costs and benefits are added together and the total
is intended to reflect the aggregate impact of the proposed action on the
national economy as a whole. The net-benefit measure does not, and is not
intended to, provide any information about the distribution of benefits and
costs within the national economy. The costs and benefits to all affected
parties are simply added together.

The value-impact ratio reflects a somewhat different perspective. The
numerator of the ratio is intended to measure the "safety value" of the pro-
posed action, typically expressed as averted public dose. The emphasis is on
the NRC's statutory responsibilities for protection of the public health and
safety and common defense and security. The denominator is intended to reflect
the aggregate cost impact, and like the net-benefit measure does not provide
any information about the distribution of those costs within the national
economy.

In order to calculate a net benefit, all attributes must be expressed in
common units, typically dollars. In calculating a value-impact ratio, however,
the numerator and denominator need not be in the same units. As a consequence,
when using value~impact ratios with person-rem of averted public exposure as
the measure of safety value, it is possible to avoid defining a monetary equiv-
alent for a person-rem of exposure. The problem of relating values in
person-rem to impacts in dollars may then be left for a later stage in the
process. With the net-benefit method, the dollars/person-rem equivalence fac-
tor must be stated explicitly. As noted earlier, this problem of relating per-
son-rem to dollars is difficult and controversial. ‘

Even if all attributes were expressed in the same units and the differ-
ences in perspective mentioned above did not exist, there would still be
several distinctions between the two measures. Net benefit is an absolute
measure. It indicates the magnitude of the proposed action's contribution
toward the specified goals. The value-impact ratio, on the other hand, is a
relative measure. It describes the value received per dollar of cost incur-
red. By itself, it does not indicate the size of the proposed action's contri-
bution to the goals. That indication must be provided separately by quantita-
tive statement of the action's safety importance.

A value-impact ratio-is particularly useful for prioritizing a large col-
lection of proposed actions in the presence of a cost constraint. If a large
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number of independent actions are under consideration but there is a constraint
on the total cost that can be incurred, the "optimal" decision is to select, in
descending order, those actions with the 1arge?t ratios, continuing to add
actions until the cost constraint is attained.‘?

On the other hand, if one is faced with a choice between two mutually
exclusive actions, either of which is feasible in terms of cost, the "optimal"
decision is to select the action with the larger net benefit.

Detailed technical discussions of such decision criteria can be found in
the cost-benefit literature. More complicated situations can be treated, with
multiple objectives and constraints. From the viewpoint of NRC value-impact
assessments, however, it is apparent that such criteria are based on oversim-
plified models of regulatory decision making. Thus, the "optimal" properties of
the two measures should not be overemphasized.

To recap this comparative discussion, neither of the two summary numerical
values is intended to be used alone as the sole basis for regulatory decisions.
Each provides a perspective on the "cost-effectiveness" of proposed regulatory
actions. Both make use of the attribute evaluation methods described in detail
in Chapter 3 of this handbook.

2.2 SCOPING

One of the first steps in the value-impact assessment of any given pro-
posed action is an evaluation of the appropriate scope and magnitude of analy-
sis effort. This evaluation is required in order to assure the efficient use
of NRC funds and staff resources. Furthermore, it offers an opportunity to

develop and communicate to all involved parties a clear understanding of the
issues involved and the nature of the proposed action and potential alternative

actions. Depending on the viability of those potential alternatives, the scop-
ing analysis may be sufficient to justify rejection of the alternatives.

The basic principle used in determining the appropriate level of asses-
sment effort is that the resources expended should be commensurate with the
value of the information to be obtained. In practice, a variety of factors may
enter into such a determination, for example, the importance of the action
under consideration, the availability of information, the availability of
resources to devote to the assessment, the complexity of the issue, the close-
ness of the outcome, and the time pressures for a decision. As a result, con-
siderable judgment will typically be required to establish an appropriate level

(a) If the actions are not independent (i.e., if the values and impacts of the
actions vary depending on the order in which the actions are adopted),
then a more complex optimization would be required.
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of effort. In some cases several iterations will be needed, with each itera-
tion providing a more detailed and refined analysis.

In most situations it will be useful to consider at least two factors as a
minimum basis for determining the appropriate level of effort: the importance
of the action and the availability of information. Of these two, importance is
the primary criterion.

One measure of the importance of a proposed action is its potential bene-
fit and cost. Actions with either large potential benefit or cost are gen-
erally worthy of considerable attention unless the costs and benefits are so
obviously out of balance that no significant analysis is needed. Likewise,
actions with 1limited effects should be afforded only limited assessment.

The worksheetvgiven in Table 2.1 can be used to develop a first approxi-
mation of benefits and costs. This approximation is not a replacement for the
value-impact process, but a rough scoping tool.

The level of assessment effort is also dependent upon the available infor-
mation. If information is readily available, 1little resource investment will
be required to achieve an adequate level of detail. Conversely, if data is
lacking, a greater effort will be needed to bring the assessment to the same
level. In completing the First Approximation worksheet, the analyst will gain
a partial appreciation for the amount of information available. Further inves-
tigation may be necessary, including (if appropriate) contacting other affected
NRC branches.

The methods for evaluation of each attribute described in Chapter 3 are
presented for three levels of effort, ranging from a 1imited effort (minimal
resource commitment) to a major effort (major NRC program). The development of
the first approximation of value and impact and the preliminary investigation
into the availability of data will assist in determining the appropriate magni-
tude of NRC resources to commit to the value-impact assessment.‘2’ Consider-
able judgment must be applied; however, the guidance given here will assist in
that determination.

(a) The overall level of effort would depend on the action's importance and
the sum of available data. The level of effort devoted to any particular
attribute would depend (within the bounds of the total effort) on the 4
amount of available information concerning that attribute. Thus, varied
attributes could require varied levels. '

2.12 .



TABLE 2.1, Worksheet for First Approximation of Benefits and Costs{2)

This worksheet can be used to develop first approximations of the benefits
and costs of a proposed action. Its purpose is limited to broad scoping
only. If firm data exist, they are to be used; however, engineering judgment
is adequate for this level of detail. Appendix B gives rules of thumb that can
be used if the analyst does not have better information. '

1. Title of Proposed Action

2. Number of Facilities Affected (N)

3. Average Remaining Lifetime of Facilities (T)

4, Mean Accident Frequency Reduction Resulting from Proposed Action (AF) -

(events/facility-year)

5. Mean Public Risk Consequence of Accident (Ap)

(person-rem/event)

6. Mean Occupational Risk Consequence of Accident (Ao)

(person-rem/event)

7. Expected Integral Exposure Change (E)(b)

(person-rem) E = (NT)(AF)(AP.+ Ao)

8. Mean Damage to Onsite Propefty in Event of Accident (Po)

($) Include replacement power if appropriate.

9. Mean Damage to Offsite Property in Event of Accident (Pe)

($) Include evacuation, relocation, decontamination, and interdiction
" costs.

10. First Approximation of Benefits (C»d)

B = (E)(XC) + NT(AF)(P, + P)
or
V = (E)(XC)
where XC (in units of dollars per person-rem) is the factor for converting

person-rem to dollars.
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11,

12.

13.

14,

TABLE 2.1, (contd)

NRC Cost (Cy)

($) Include development, implementation, and operation costs.

Industry Implementation Cost Per Facility (II)

($/facility) Include replacement power if appropriate.

Industry Annual Operation Cost Per Facility (Io)

($/facility-year)

First Approximation of Costs(d)

C = Cy + N(I[+T1,)

(a)

(b)

(c)

(d)

This method is similar to that employed in NUREG/CR-2800 (Andrews et al.
1983). The staff allocation for that project was two person-weeks per
issue, indicating that the first approximation estimates can be made with
a minimal investment. '

Note that routine occupational exposure is not reflected in this computa-
tion. In many cases, the effect on occupational exposure due to a pro-
posed action will be small compared to the effect.on public risk.

However, this will not always be the case and the analyst should be alert
to this possibility. If appropriate, estimates can be made using the pro-
cedures described in Section 3.4. Also, note that if the action changes
the consequence of the accident rather than the frequency, replace AF(Ap +
Ao) by Ffa (Ap + Ao)].

The first equation corresponds to the net-benefit approach. The second
corresponds to the value-impact ratio. In either case, a range of values
of XC can be used to test the sensitivity to this parameter. If the sec-
ond equation is used (i.e., V = (E)(XC)), Steps 8 and 9 may be omitted.
Note that discounting is not used for this first approximation.

2.3 VALUE-IMPACT PROCESS

As previously described, the conduct of a value-impact assessment has

three steps, definition of attributes of value and impact to be considered,
evaluation of the effect which the action .under consideration has on the attri-
butes, and aggregation of the attributes. This section provides a framework
and set of instructions that can be used to guide the analyst through those

steps.
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In Section 2.1 two methods (ratio and net-benefit) were presented for com-
paring values to impacts. For most of the value-impact assessment process, the
analysis is the same for either method. For those steps that differ, the steps
for both methods are described in Section 2.3.2.

Two sample value-impact assessments are provided in Appendices D and E.
Their purpose is to illustrate the assessment process.

2.3.1 Value-Impact Framework

The assessment process and the.documentation of that process can be des-
cribed in nine parts. These are Tisted below, with instructions for each given

in the following subsection,

Summary Cover Page

Proposed Action and Potential Alternatives
Identification of Affected Attributes
Supplementary Considerations

Development of Quantification

Value-Impact Results Display

Sensitivity Studies

Initial/Residual Risk (Optional)
Recommendations

O O~NOOO B WN =
[ ]

2.3.2 Instructions for Performing the Assessment

1. Summary Cover Page

The summary cover page (Table 2.2) is a concise statement of the major
resuits of the assessment. It identifies the action under consideration, the
author of the assessment and the date of completion. The Summary of Problem
and Proposed Solution should be a very brief but careful abstract of the issue
of concern and its treatment by the action under consideration. The intent is
to provide the reader with an initial description.

The main body of the table provides a location to summarize the results of
the attribute assessments. Exposure-related attributes (Public Health and
Occupational Exposures) are measured in person-rem. If the net-benefit method
is being used, a dollar evaluation should also be given. Throughout the table,
in addition to best estimates, high and low estimates should be given to indi-
cate the degree of uncertainty (see Section 2.4).

Not all the spaces in the table need to be filled. Some attributes may
not be affected by the proposed action. Others may be affected but not quan-
tified, treated instead as supplementary considerations. For example, if the
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TABLE 2.2. Value-Impact Summary Cover Page
Title of Proposed Action
Name and Affiliation of Author
Date

Summary of Problem and PropoSed Solution:

Dose Reduction (person-rem)  Evaluation ($)@)
Best High Low Best High Low .
ATTRIBUTE Estimte Estimate Estimte Estimate Estimate Estimate

Puwblic Health
OccupationaleExposure (Accidental)
Ocaupational Exposure (Routine)
Offsite Property

Onsite Property

Regulatory Efficiency
Inprovements in Knowledge
Industry Inplementation
Industry Operation

NRC Devel opment

NRC Inplementation

NRC Operation

NET BENEFIT: Sum Over A1l Affected Attritutes ($)

"RATIO: Public Dose Reduction/|Sun of A1l NRC and Industry Costs| (person-rem/$106) (b)

M = Not Affected

NQ = Not Quantified

(a) Note: Favorable or beneficial consequences of a proposed action have a positive sign, Unfavorable

_ or adverse consequences have a negative sign. For instance, an increase in industry or NRC

operating costs would be considered an unfavorable consequence and shou]d be entered in the
table with a negative sign.

(b) Strict