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ABSTRACT

This study outlines the framework within which cost-benefit analyses of regulation may be
undertaken. The general framework is consistent for any cost-benefit analysis. The
particular needs or individual structure of the industry to which the regulation is targeted and
the particular nature of the regulation will affect the methodologies chosen to execute specific
steps within that framework.

The discussion also includes insight into the approach to cost-benefit analysis used in other
jurisdictions, specifically the U.S. Nuclear Regulatory Commission, the Health and Safety
Executive, Nuclear Safety Division in the United Kingdom, Transport Canada and
Environment Canada.

Various methodologies, and their relative strengths and weaknesses in the context of
regulation in the nuclear industry, are outlined in the discussions of each phase of the cost-
benefit framework. Those individual methodologies and approaches in other jurisdictions
that are best suited to the assessment of regulations administered by the Atomic Energy
Control Board are incorporated into a proposed framework.

RÉSUMÉ

Cette étude décrit le cadre pouvant servir à l'analyse coûts-avantages de la réglementation.
Le cadre général demeure le même pour toutes les analyses coûts-avantages. Cependant, les
méthodes choisies pour exécuter diverses étapes du processus varient en fonction de la nature
de la réglementation ainsi que de la structure ou des besoins particuliers de l'industrie à
laquelle elle s'applique.

Le document examine aussi les formules qu'utilisent d'autres organismes pour réaliser des
analyses coûts-avantages, en particulier la Nuclear Regulatory Commission aux États-Unis, la
Nuclear Safety Division de la Health and Safety Executive au Royaume-Uni, Transports
Canada et Environnement Canada.

Pour chacune des phases du cadre, on expose diverse méthodes de même que leurs avantages
et leurs inconvénients relatifs dans le contexte de la réglementation de l'industrie nucléaire.
Enfin, on intègre au cadre proposé les méthodes et les formules utilisées par d'autres
organismes qui conviennent le mieux à l'évaluation de la réglementation administrée par la
Commission de contrôle de l'énergie atomique.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.
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1.0 Introduction

The Minister's Advisory Panel on the regulatory review of regulations administered by Energy
Mines and Resources Canada, the National Energy Board and the Atomic Energy Control Board,
provided input into the review of the process of developing legislation and regulations in the
energy field. One of the key recommendations of the external Advisory Panel was:

5. That mechanisms be developed to examine cost/benefit issues and work
toward some consensus of opinion among stakeholders; a task force on
the subject could be an appropriate starting point.

The requirement to carry out cost/benefit analyses and consultations, as part of the review of
proposed regulations, is a matter of federal government policy. The analysis serves as input into
the decision making process and as a basis for discussions with stakeholders. For the ongoing
regulatory process to function effectively, AECB needs to have a conceptual framework and
process for assessing benefits which is accepted as legitimate by stakeholders. This framework
must identify:

what categories of benefits (and beneficiaries) will be taken into account;

how evidence of these benefits is to be gathered and validated, including participation by
licensees and other stakeholders in the process; and

the extent to which benefits are to be quantified, and particularly the extent to which they are
to be expressed in dollar terms.

This paper is intended to serve as a basis for discussion in the development of a formal framework
for cost-benefit analysis of regulation. It outlines a broad cost-benefit framework and then
discusses the steps required to complete the analysis and methodologies for undertaking those
steps. It also addresses the approaches used by other jurisdictions in Canada and by nuclear
regulators elsewhere.

In conducting a review of practices and consulting with the other jurisdictions the primary issues
for discussion were:

The guidelines/components/approaches used by the agency/department.

The types of tools that are used.

Incorporation of risk
-Approaches and methodologies for incorporating risk into cost-benefit analysis
-Provision for incorporation of low probability outcomes
Approaches to valuation of environmental resources
Approaches to valuation of human mortality and morbidity if used
Discount rates used

The research involved a review of a significant number of reports about nuclear regulation and
cost-benefit analysis and visits with the following agencies:

The United States Nuclear Regulatory Commission;



The Health and Safety Executive, Nuclear Safety Division in the United Kingdom;

Transport Canada - both Vehicle (Automobile) safety and Transportation of Dangerous
Goods; and

Environment Canada.

The documents reviewed and referred to in this paper are listed in the reference section. Those
documents received from other agencies were forwarded to the AECB and can be reviewed to
provide more detail to the interested reader either from the AECB or the issuing agency.

Chapter Two provides a discussion of the nature of cost-benefit analysis and some of the issues
and challenges that arise. Details of the general approaches used by other regulatory agencies
visited, provide insight into the guidelines and practices used by each of these agencies. Chapter
Three discusses the process of the identification of impacts and the nature of the types of impacts to
be considered. Chapter's Four and Five cover the issue of quantification of costs and benefits. It
is this quantification of impacts that poses one of the most significant challenges in the execution of
cost-benefit analyses. Chapter Six outlines the calculation of the net present value of costs and
benefits and the contentious issue of the selection of a discount rate for calculating the net present
value. Each of these chapters also provides insight into the tools used by the other agencies to
provide the practical perspective of actual applications. The final chapter synthesizes the
discussion and details a formal proposed framework and approach for undertaking cost-benefit
analysis of regulations administered by the Atomic Energy Control Board which will serve as the
basis for initiating consultations with stakeholders.
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2.0 Cost-benefit Analysis

2.1 Overview of Cost-benefit Analysis

The concept of cost-benefit analysis is elementary. Cost-benefit analysis provides a formal
framework within which all of the impacts and effects of a particular action or initiative can be
assessed. Exhibit 1 presents a broad framework for a cost-benefit analysis and involves:

the detailed identification of all relevant effects (i.e. costs and benefits);

the quantification of all relevant effects;

discounting future costs and benefits to present values to provide a common basis for
measurement; and

assessment of the relative values of the cost and benefits.

The broad framework within which cost-benefit analyses are conducted is well defined and
understood. The general approach is consistent whether the analysis Jeals with a capital project A
with a government standard or regulation. The differences between cost-benefit analyses are the
methodologies used to identify and quantify both costs and benefits. This is discussed in more
detail in later sections. Cost-benefit analysis is also an important tool in comparing alternative
approaches to a particular issue or project. It provides a basis for comparison. The process of
conducting cost-benefit analyses is not always as straight forward as Exhibit 1 might make it
appear. The determination of relevant effects can be difficult as can be the quantification of those
effects. These issues are discussed in greater detail in subsequent sections.

Cost-benefit analysis has been used for some time in assessing capital investments in both the
private and public sectors. The context within which the costs and benefits are assessed
differentiates the analyses. A firm making a decision to establish a manufacturing facility for
example, looks at costs and benefits from the perspective of the firm. The benefits to the region in
which the facility is established, such as increased employment, are not of direct interest to the
firm's investment decision. A government investment is assessed in terms of societal costs and
benefits.

Cost-benefit analysis has been increasingly incorporated as a tool in the development of new
regulations. Assessing the costs and benefits of regulation, while essentially the same process as
for a capital investment, has some unique challenges:

The costs of regulation can fall on individuals, firms or other private sector groups.
This complicates the calculation of the costs of the regulation.

The benefits of regulation often relate to non-market phenomena. Environmental
protection or improved health and safety are not "market goods." The evaluation and
quantification of those benefits in monetary terms is more involved.

Regulations can affect the probability or risk of a particular outcome. This risk
reduction must be explicitly incorporated into the cost-benefit analysis.

Regulations affect behaviour of individuals which can lead to increased uncertainty as
to the specific costs and benefits.
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Discounting can be more problematic because:

The discounting of human life, health or environmental resources poses an
ethical dilemma that must be addressed; and
Regulations have a longer life span than do most capital investments.
Discounting is, however, critical in developing a complete picture for the
decision making process.

Despite these additional challenges, cost-benefit analysis can be a valuable tool in the evaluation of
new regulatory schemes. It allows for the assessment of the value of a new regulation. Exhibit 2
provides a context for cost-benefit analysis for new regulations. Regulations are intended to
reduce the risk to society arising from various activities. There is a maximum level of risk which
society will tolerate. Risk above that threshold is intolerable. That threshold defines the minimum
level of regulation or standards that are acceptable to society. Risk reduction beyond that threshold
is based on the ALARA principle - as low as reasonably achievable. Standards more stringent than
the minimum baseline bring additional costs and benefits. Cost-benefit analysis can be a tool in
defining what is "reasonably achievable."

As standards become more stringent costs increase and risks decrease. As long as marginal costs
of the additional regulation do not exceed the marginal benefits, the new regulation may be
considered reasonable. If costs exceed benefits or exceed a selected proportion of benefits, the
cost of the additional risk reduction exceeds the benefit and the marginal risk reduction is no longer
reasonably achievable.

It is important to remember that cost-benefit analysis does not make decisions as to what is
reasonable. It is a tool for interpretation that provides input into the decision-making process. The
analysis is only as good as the information and data used. The assessment of the costs and
benefits of regulation is a relatively new science. Results are subject to interpretation. Any cost-
benefit analysis is only as credible as the data used. Despite these caveats, cost-benefit analysis
can provide valuable insight into the size and direction of impacts arising from a change in the
regulatory regime. The remaining sections of this report outline the steps involved in the cost-
benefit framework and the approaches and methodologies available for completing those steps.

It is also important to remember that the process of developing regulations is based fundamentally
on implicit cost-benefit analysis. The level of regulatory requirement is based on implicit tradeoffs
on cost or productivity and safety or health. The process of conducting cost-benefit analyses
addresses these issues explicitly and can help in the decision-making process.

2.2 The Use of Cost-benefit Analyses

This section provides an assessment of the use of cost-benefit analysis in the other regulatory
bodies visited. It discusses the existence of guidelines, standard practices, and histories in
undertaking cost-benefit analyses.

2.2.1 United States Nuclear Regulatory Commission (USNRC)

The USNRC is the agency with the most well defined and refined process for cost-benefit analysis
of all of the bodies visited. They have a long history of impact analysis and have developed a
formal framework and guideline for consistent execution of the analyses.



It is a well-established policy of the U.S. government, through executive orders and requirements
and recommendations of the Office of Management and Budget (OMB), that regulatory impact
(cost-benefit) analysis, be an integral part of the decision making process in the development and
introduction of new regulations. The OMB has developed guidelines for these analyses which
outlines essential components comprising a complete impact analysis.

A series of Executive Orders has been issued concerning analytical requirements for new
regulations. While technically not bound by the requirements under these Executive Orders, the
USNRC has committed to conducting regulatory impact analysis as part of the decision- making
process in the introduction of any new regulation regarding the use of nuclear materials in the
United States. The draft Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory
Commission (1994), which update the framework within which the USNRC will undertake such
analyses, outlines three main purposes of regulatory analysis. They are:

to ensure that any decisions with respect to new regulations are based on adequate
information on the need for and the consequences of the proposed regulatory action;

to ensure that appropriate alternatives to the proposed approach are assessed and that
none of the alternatives are preferred; and

to ensure that proposed actions on existing operations provide a "substantial increase in
the overall protection of the public health and safety ... and that the direct and indirect
costs of implementation are justified in view of this substantial increase in protection."
Substantial increase is a relatively flexible standard that allows for the interpretation of
results in terms of safety and the associated costs.

Based on these principles, the USNRC has defined a broad base of actions which require some
form of regulatory impact analysis. Technically, Executive Order 12866 requires that analyses are
only required on "significant" regulatory actions. Significant actions are those which are likely:

"to have an annual effect on the economy of $100 million (U.S.$) or more or adversely
affect in a material way the economy, a sector of the economy, productivity,
competition, jobs, the environment, public health or safety, or State, local or tribal
governments or communities." While the $100 million threshold establishes quite a
high standard of impact, the other conditions set a more general standard for the
execution of an impact analysis.

conflict or overlap with the actions of another agency; or

affect the impact of other government programs, such as, loans or grants.

The USNRC has set a much broader requirement for itself. In fact, rather than define specifically
which actions require a regulatory impact analysis, the guidelines outline the cases in which an
analysis is not required. These special cases are largely those actions which by their nature are not
expected to have a significant impact, such as letters of information that do not require any actions
on the part of affected parties. There is also provision fer a waiver of the requirements if specific
circumstances warrant. The waiver usually refers to the depth of the analysis required rather than
to the elimination of the requirement to conduct the analysis at all.
Additional information is required in the case of regulations that call for backfitting of existing
facilities. The guidelines established for regulatory impact analysis are structured to ensure that the



supplemental information required for backfitting are met within the context of a single analysis
and report. It is interesting to note that the "as low as reasonably achievable" principle is
introduced in the context of these backfitting guidelines.

Cost-benefit analysis is required in all cases except:

those in which the specific modification is required in order to bring the facility or
facilities into compliance with the original licensing requirement;

the action is necessary to ensure that the facility or facilities meet the existing or
redefined requirements relating to adequate protection to the health and safety of the
public. Adequate protection refers to the maximum tolerable risk threshold shown in
Exhibit 2. It refers to the level of protection which must be provided regardless of
cost.

These conditions, however, do not completely preclude some level of analysis. They merely
remove the need to conduct an assessment of the costs, and the need to consider the level of costs
in justifying the action. That is, costs may exceed benefits and the action may still be introduced.

Within the USNRC guidelines there is also an opportunity for the preliminary review of a
proposed action. This allows for a less detailed screen of the proposed action to assess whether
further analysis is merited. The "safety goal" assessment is actually the first step in the regulatory
impact analysis and provides an earlier decision point on whether to proceed and invest more
resources in assessing an unnecessary regulatory action. The safety goal assessment relates
specifically to actions which require backfitting of existing facilities due to a new regulation and are
based on the fundamental principle that the objective of the USNRC regulations is to ensure public
health and safety. This evaluation puts the onus on USNRC staff, who are proposing a MW
regulation, to show that the action will actually improve safety. If this criterion is not met, no
regulatory action is taken. If there is a substantial improvement in safety, the cost impacts are
assessed in the next step of the regulatory impact assessment.

This second step is to determine whether the benefits achieved in safety warrant the costs
expended. The safety goal criteria are, in most cases, not clearly defined. That is, interpretation as
to whether there is substantial improvement in the safety associated with the action is left to the
analyst. The analyst makes the decision whether to proceed with more detailed analysis if he or
she feels that the threshold of substantial improvement in safety has been proven.

For example, in the case of actions relating to reactor core damage incidents, there are more
specific criteria defined in the guidelines. The decision whether or not to proceed is based on
change in the core damage frequency per reactor year at a level depending on the associated change
in estimated conditional containment probability.

Table. 1 below provides the specific decision matrix outlined in the guidelines.



Table 1: Safety Goal Screening Criteria for Reactor Core Damage Related Actions

Change in Core Damage
Frequency per Reactor Year

Greater than 104

Between 1 (H and 105

Less than 105

Estimated Conditional
Containment Failure Probability
less than 10-1
Proceed with detailed value
impact (cost-benefit) analysis.

Management decision on whether
to proceed with more detailed
analysis.
No further analysis required -
regulatory action not warranted

Estimated C onditiona
Containment Failure Probability
qreaterthan 10-1

Determine whether minimum
standards are being met with
respect to adequate protection.
Proceed with detailed value impact
(cost-benefit) analysis
Proceed with detailed value impact
(cost-benefit) analysis.

Management decision on whether
to proceed with more detailec
analysis.

The remaining sections of the guidelines relate to the content and execution of the regulatory
analysis. The essential components include:

a statement of the problem to be addressed by the regulatory action;
an outline of the potential alternative approaches to the problem - this is essentially the
establishment of the baseline and regulatory scenarios;
detailed cost-benefit analysis (including uncertainty and sensitivity) for the identified
scenarios;
the conclusions of the cost-benefit analysis;
the decision rationale for the proposed regulatory action - this element essentially goes
beyond the specific cost-benefit analysis.

The guidelines and the accompanying Regulatory Analysis Technical Evaluation Handbook
provides perspectives on specific approaches and tools to be used in conducting the analysis. This
relates specifically to such factors as:

essential elements of each component of the analysis;
approaches to quantifying and calculating specific impacts; and
supplemental information for analyses that can provide input or insight into the current
analysis. This relates to both approaches and specific results which can be used.



Exhibit 3
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There is a considerable volume of information and guidance on conducting the cost-benefit
analyses. The focus of these guidelines and aides is on regulation with respect to reactors. The
level of detail and support for cost-benefit analyses to do with nuclear facilities without reactors is
lower. These are, therefore, often less sophisticated, less detailed, and sometimes more
qualitative. The focus to date has been on reactor installations. It is expected that more attention
will be paid to other facilities once the guidelines have been finalized.

The execution of these guidelines may be best illustrated with several examples provided by the
USNRC:

Draft Regulatory Analysis for Decommissionina of NRC-Licensed Nuclear Facilities -
July 1994.
Draft Regulatory Analysis for Amendments to Requirements for Reporting of Defects
and Noncompliance - 1994.

Draft Regulatory Analysis for Amendments for Reduction of Reporting Requirements
Imposed on NRC Licensees -1994.
Regulatory Analysis for Regulations to Require Training Programs for Nuclear Power
Plant Personnel.
Regulatory Analysis of Proposed Revisions to Licensee Employee Random Testing
Rate: Part 26 - Fitness for Duty Programs - January 1993.
Regulatory Analysis for the NRC Nuclear Power Plant Access Authorization Program.
Regulator)' Analysis for Revisions to the Standards for Protection Aeainst Radiation -
November 1988.

These analyses vary dramatically in sophistication and detail depending on the issue under
consideration. The basic structure, approach, and components, however are similar. They all
contain the fundamental characteristics of cost-benefit analysis contained in section 2.1.

The first analysis on the list above, relating to requirements for decommissioning nuclear facilities,
provides a fairly typical example. The analysis assesses specific radiological criteria for
decommissioning that would provide consistent and formal requirements for all facilities. The
study follows the standard approach, outlined in section 2.1, and formally defined in the USNRC
guidelines. Prior to these requirements, the individual facilities were dealt with on a case-by-case
basis rather than in general terms with consistent requirements.

The impact analysis provides a detailed description of the types of facilities that might be
decommissioned to provide a baseline scenario against which alternative regulatory scenarios might
be assessed. The alternative regulatory scenarios were based on residual dosage rates associated
with a decommissioned facility. That is, a range of residual dose rates was assessed to provide an
assessment of the impacts of introducing requirements at different levels, ranging from 100 mrem
per year to 0.03 mrem per year.

The industries profiled included:

nuclear power reactors;
non-power reactors;
uranium fuel fabrication;
uranium hexaflouride plants;
uranium mill facilities;
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independent spent fuel storage installations;
sealed source manufacturers;
broad research and development facilities; and
rare metal ore processors.

This represents the range of facilities that might be subject to regulations dealing with the
decommissioning of nuclear facilities.

As would be expected, the study found that, as residual dose rates fell, estimated mortalities fell
and costs increased. Exhibit 3 provides an example of results taken directly from the study for
nuclear power reactors. The graph on the bottom of Exhibit 3 shows the cost of incremental lives
saved at different residual dose rates. The first part of the curve indicates that the first 0.5
estimated fatalities averted can be achieved with (relatively) small increments in expenditure. The
curve flattens out dramatically at approximately 0.67 estimated mortalities averted. For the purpose
of that study, large increases in expenditures do not provide significant improvements in
mortalities averted. While the USNRC has a guideline for valuing human life, it was not used in
this case for making the final decision. Mortality rates were directly compared with associated
costs. It must be remembered that this comparison implicitly values human life, even if the number
is not explicitly stated. The levels chosen equate a given acceptable mortality rate to acceptable
costs.

This study assessed proposed standardized decommissioning criteria. A minimum American
standard of 15 mrem per year was recommended. This sets a minimum standard which must be
met. Costs associated with this level of safety were not considered "onerous" and operators of
these facilities were expected to maintain viability and competitive position. A further target of 3
mrem was also established. Beyond 3 mrem there are only very small incremental decreases in
expected mortality and dramatic increases in costs. It was recommended that individual facilities
provide an ALARA assessment showing that costs of compliance to 3 mrem are too high.

It is interesting that the analysis does not compare the proposed criteria to the general requirements
currently applied on a case by case basis. There is, therefore, no effective baseline scenario for
comparison. In fact, the costs associated with the new criteria may not be different than what
would have come out of the current process if the de facto result was a maximum residual dose of
between 3 and 15 mrems per year.

2.2.2 The Health and Safety Executive,
Nuclear Safety Division in the United Kingdom

The approach of the Health and Safety Executive (HSE) in the United Kingdom is quite different
from that in the United States. In fact, there is no explicit requirement for cost-benefit analysis in
developing regulations. This is best understood through a brief discussion of the mandate and
function of the HSE Nuclear Safety Division.

The Nuclear Installations Act establishes the mandate and power of the HSE in the context of
nuclear power. The Act explicitly requires that the HSE control risks to as low as reasonably
practicable (ALARP) which is ALARA restated. The Act requires that the HSE license nuclear
power plants and to evaluate safety cases submitted by the licensees.

The safety case is based on a foundation of parameters established by the HSE. Safety limits and
safety objectives are established by the HSE. These are intended to reflect the acceptable risks of
the nuclear facilities and are established in the context of risks faced from other sources throughout
society. These are not established using cost-benefit analyses but purely on the basis of
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assessments of risks from nuclear power plants and other sources. There are several inputs into
the process of developing the standards. They are:

the experience and judgement of the HSE;
discussions and agreements with other nuclear regulators in other countries;
advice from advisory committees established from industry, technical experts and the
scientific community; and
public consultation.

These regulatory standards are evolving over time as more information becomes available and risks
are better understood.

The safety limits set a minimum standard of performance, namely the maximum tolerable risk
level. Safety objectives established by the HSE set goals to be met by licensees. The licensees
must provide "Safety Cases," essentially safety reports, which show how they meet the safety
limits and the degree to which they meet safety objectives. If they meet both they need provide no
more information. If they do not fully meet the safety objectives they must make a case that they
are meeting the ALARP principle. This is done using engineering judgement and either a full or
partial cost-benefit analysis. There are currently no specific requirements for a cost-benefit
analysis or parameters for completing or evaluating cost-benefit analysis. The HSE indicated that
they are in the process of developing a discussion document that outlines some of the issues
relating to cost-benefit analysis and sets out a broad framework. At this time they were unwilling
to release drafts of the document.

There are some basic requirements for the licensee's safety case. They include:

identification of the level of risk relative to the objective;
identification of a variety of options to reduce the risk in degrees towards the. safety
objective;
demonstration of the level of risk reduction to be achieved with each option; and
an expectation value of marginal risk reduction for each value.

The licensee then makes the case for the level of risk reduction they wish to meet using the costs
associated with different levels of risk. The HSE then evaluates the safety case and decides
whether the chosen option is acceptable.

In evaluating the safety cases the HSE does not use a standard straight comparison of different risk
levels and the associated costs. The relationship is not linear. The cost to acceptable risk reduction
ratio is higher closer to the safety limits than to the safety objectives. That is the marginal value of
risk at higher levels of risk is higher than at lower levels of risk. Exhibit 4 illustrates this point.
Cost leveï A may judged too high in Case 1 but acceptable in Case 2 because the risk level is higher
in Case 2. Cost B would not be relevant in Casel because it is incurred beyond the safety
objective but, depending on the regulators it may or may not be judged reasonable in Case 2. The
ALARP levels that are acceptable have not been formally defined and each case is evaluated
individually.
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The safety cases are reevaluated every few years to determine:

that the facility is living up to its original standard;
the degree to which the facility is meeting current standards; and
what are the reasonable improvements (using ALARP principle) to bring the facility up
to modern standards.

The HSE is in the process of updating and formalizing their procedures.

2.2.3 Environment Canada

The Canadian regulatory bodies are also not as far along in formalizing the process of cost-benefit
analysis as the USNRC. Environment Canada has undertaken a significant number of cost-benefit
analyses. While they are working on developing broad guidelines, they currently leave many of
the decisions on specific structure, scope and techniques to the individual analyst.

Environment Canada does undertake a cost-benefit analysis in almost every case that regulatory
actions are proposed. The Regulatory Impact Analysis Statement (RIAS) is required as pan of the
process of making regulations law and it explicitly requires some form of cost-benefit analysis.
There is, however, considerable flexibility in the type of cost-benefit analysis undertaken,
depending on the type of regulation and its anticipated impact.

The Treasury Board has provided a Benefit Cost Guide (Draft 1993) developed by Consulting and
Audit Canada. It outlines the process and components that should be included in a cost-benefit
analysis. The Office of Privatization and Regulatory Affairs has also provided a Guide to
Regulatory Impact Analysis (Stanbury and Vertinsky, 1989). This provides considerably more
detail on the techniques and approaches that can be used in conducting these analyses.
Environment Canada also has a Guide for the Socio-economic Analysis of Pollution Control
(Sypher Mueller, 1988) which can also serve as a guide for undertaking these analyses. These
guides provide a range of techniques and potential approaches that can be chosen depending on the
nature of the analytical problem.

The general structure of cost-benefit analyses is generally well understood by analysts. There are a
number of resources available which can assist analysts in structuring, scoping and executing
cost-benefit analyses. However, the only specific guidelines for analysts in Environment Canada
are the requirements under a RIAS. The analyses undertaken by Environment Canada usually
contain considerably more economic rigour than is required under the RIAS and Treasury Board
Guidelines.

Environment Canada staff expressed an interest in establishing standardized guidelines for cost-
benefit analyses but resource and time constraints have delayed the process. These can be expected
to evolve over the next few years. The Regulatory Review process highlighted the need for
improved analysis in support of new regulations needed in many departments.
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2.2.4 Transport Canada

Transport Canada is subject to the same Treasury Board guidelines as Environment Canada. The
execution of cost-benefit analyses has been inconsistent depending on the specific initiative and the
department within Transport Canada. There are no specific internal policies, guidelines, or firm
requirements for undertaking cost-benefit analyses within Transport Canada.

The Road Safety Branch of Transport Canada has undertaken a number of rigorous and consistent
cost-benefit analyses. The analysis of the regulation requiring air bags in passenger cars
(Transport Canada 1991) is a recent example. A similar analysis was undertaken for the
regulation requiring day time running lights. These were consistently undertaken because they
were done by a single analyst. Standard guidelines were not developed.

The Transport of Dangerous Goods Department has undertaken formal cost-benefit analyses in
some cases and not in others. Resource constraints have contributed to this. In many cases
regulations have been developed in direct and ongoing consultation with stakeholders and a
consensus decision is reached. If a consensus is impossible then more detailed analysis is needed
for the R1AS to justify the costs and benefits.

Transport Canada often makes a distinction in the depth of analysis if the initiative is new and
unique or if it relates to harmonization with other jurisdictions. There will often be less detailed
analysis in the case of harmonization.
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3.0 The Identification of Impacts

In order to completely and credibly assess the costs and benefits associated with new or changed
regulation all the relevant costs and benefits need to be assessed. Many cost-benefit analyses are
challenged because they do not address all the relevant impacts. It is also important to isolate only
those impacts attributable directly to the change. These incremental costs and benefits of the
proposed change are the relevant impacts. The credible and complete identification of impacts is a
three step process. The steps are:

Development of a Baseline Scenario;
Development of the Regulatory Scenario; and
Identification/Isolation of the Regulatory Impacts.

3.1 Development of a Baseline and Regulatory Scenarios

The baseline and regulatory scenarios provide two pictures of the affected sector. It is important to
recognize that the affected sector goes beyond the primary focus of the regulation. There are clear
linkages between associated industries that need to be considered. The baseline scenario provides
the benchmark from which the specific impacts (incremental costs and benefits) can be measured.
This baseline identifies the circumstances that would exist in the absence of the regulatory regime
under consideration. In the case of a new regulation, the baseline scenario involves detailing the
current environment. In some previous studies of the impact of regulation on the nuclear industry,
the baseline has been described as the actions that a "prudent operator" would undertake in the
absence of the regulation. The regulatory scenario describes circumstances that would exist with
the introduction of the new regulation.

The development of the two scenarios is a significant and important task. These scenarios need to
qualitatively define the sector's structure and performance with and without the new regulation.
This provides the context in which the impacts are identified. These scenarios are developed in
great detail to allow for the early identification of the potential impacts and to provide a qualitative
assessment of the potential size and direction of the impacts. While it is reasonable to assume that
additional impacts will come to light as the project progresses, as much detail as available should
be included in the scenarios.

The importance of a correct and relevant baseline scenario is seen in O'Donnell and Mauro (1979).
They did cost-benefit analyses on three separate engineered safety features (ESF's) of nuclear
power plants. Judged on a baseline which includes neither of the other ESF's, each meets the
required threshold of risk reduction. When considered in increments, the overall reduction in risk
is not necessarily additive. That is the incremental risk reduction accruing to one ESF cannot be
added to the other to have a total incremental risk reduction. The incremental costs and benefits of
individual initiatives depend on the baseline under consideration. The three ESF's considered are:

emergency core-cooling system (ECCS) - risk reduction of 1.15 x 105 ;

containment - risk reduction of 1.21 x 103 man-rem per year; and

diesel generators for emergency power - risk reduction of 3.0 x 104 man-rem per year.

The total of those three is 2.66 x lO-**. That number is higher than the residual risk in the absence
of the ESF's. If all three are introduced the total risk reduction is actually 1.4 x 103.
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The risk, reduction is assessed with the ESF's in different sequences. The contribution of each
ESF to the total risk reduction also depends on the order in which they are enacted. In fact, most
of the risk reduction can be achieved by implementing two of the ESF's. All three may not be
necessary or cost effective.

O'Donnell and Mauro argue that the wrong decision is made in certain sequences based on a
specific cost-benefit ratio. However, if each is to be considered individually, then in most cases,
only two ESF's meet the criteria. Alternatively, if the regulatory scenario had included all three
improvements against a baseline of none of the three, all three would be justified. The scenarios
establish the critical context for the analysis and must be credibly and completely defined. This
must be clearly specified at the outset.

The documentation of the baseline and regulatory scenarios also provides a preliminary review
point in the execution of the cost-benefit analysis. A review of the scenarios by stakeholders sets a
firm common foundation on which the assessment of the impacts of the regulatory measure can be
based.

There are a variety of sources of information available for the development of the scenarios. They
include:

A review of statistics and documentation.
One potential source of data on the nuclear industry is the Atomic Energy
Control Board (AECB).

A review of available literature.
There is a considerable body of literature on:
Risk in the nuclear industry;
The costs and benefits of nuclear regulation; and
The impacts of regulation on business activities.

This literature provides valuable insight into the development of both scenarios. Some
of the potential literature and documentation which could contribute at these and later
stages is included in the attached references.

Consultations with stakeholders and technical experts.
Industry participants, AECB staff and other technical experts can provide
invaluable input into the development of the scenarios.
These stakeholders will also be aware of and familiar with much of the available
and unpublished literature and data and have perspectives on its value and
validity.

The investment of time and effort into the establishment of detailed and credible baseline and
regulatory scenarios will pay dividends. Much of the information found at this stage will also
provide input in the important step of quantifying the impacts. Building on existing information
increases the efficiency and efficacy of the process of cost-benefit analysis.

3.2 Qualitative Assessment of Impacts

Having established the baseline and regulatory scenarios, the remaining task involves qualitatively
assessing the differences between the two scenarios. This qualitative assessment provides the
foundation from which quantified costs and benefits are described. This is important for two
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primary reasons:

It identifies the significant impacts that need to be addressed. This establishes the
specific areas of focus for the quantification phase and clearly identifies the information
requirements for quantification.

It identifies irrelevant or small impacts at a preliminary stage so that they may be set
aside before time and effort is spent quantifying them.

There are three key points to consider when identifying impacts:

Identifying all effects, both primary (direct) and secondary (indirect);
Identifying a time line for the impacts, that is: "when will costs and benefits occur?"
Identifying to whom the costs and benefits accrue.

A credible cost-benefit analysis depends on the incorporation of all costs and benefits. Many past
studies of the costs and benefits of regulation have only incorporated the direct costs of compliance
incurred by the regulated parties. The costs of monitoring and enforcing a more stringent
regulation also need to be considered as direct costs of the regulation. It merits repeating that only
the incremental costs are to be considered. "Sunk costs," an accounting term reflecting costs
already incurred and not recoverable, can not be attributed to a new or changed regulation. The
range of costs to be considered are:

the direct costs to industry of compliance with the regulation including any costs
incurred in a cost recovery initiative;
the costs to government of administering the regulation less the costs recovered from
industry;
"deadweight losses" to society; and
adjustment costs for reallocated resources.

Clearly, the first two points represent the direct costs of the regulation. The second two points are
the indirect costs of regulation and need to be considered. That is not to say that they necessarily
occur in all cases. The nature and size of the indirect costs will depend on the structure of the
industry and the market in which it operates.

"Deadweight losses" refer to the reduction in output attributable to higher prices of the goods
produced in the industry in question. Adjustment costs reflect the cost of transferring or
reemploying resources (can be personnel, equipment or other capital) displaced by reduced demand
for a higher priced product. These terms are probably best explained in the context of the nuclear
industry.

A uranium mine competes in a global market for raw and refined uranium. The costs of complying
with a new regulation in Canada increase the cost of production of the raw or refined product. In a
competitive commodity market, these costs cannot be passed on to the customer. Alternative
sources of uranium can be accessed. The deadweight losses in Canada, assuming no regulatory
constraint on accessing alternative uranium sources, would be negligible because the cost of the
product would not rise for users of uranium. The adjustment costs would likely be more
significant as mines and refiners would close or down-size as market share is lost.
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On the other hand, an isotope supplier competes in a more localized market with specialized time
sensitive value-added products. All or part of the cost of complying with a more stringent
regulatory requirement may be passed on to their customers. The proportion of the cost of
compliance not borne by the isotope supplier will either raise the costs of their customers or reduce
the use of isotopes causing a deadweight loss beyond the cost of compliance. Any loss of volume,
either through decreased use or decreased market share, could lead to some adjustment costs if
resources are displaced. It is also worth noting that the potential for decreased demand may also
increase the indirect costs by increasing the unit overhead costs of operation. While resources,
such as laboratory or manufacturing facilities may not be idled, they may generate less throughput
and thus increase the cost per unit of output.

Similarly a nuclear-electric utility operates in a captive and regulated market. The costs of
compliance will be incurred and may be passed on to consumers if approval for cost increase is
granted. The increased cost may have indirect effects in the manufacturing sector of reduced
output due to increased costs of the electricity input into production. This deadweight loss needs to
be assessed.

The identification of benefits also needs to be complete. All primary and secondary benefits need
to be outlined. In the case of nuclear regulation the benefits usually relate to such things as:

reduced accident risk; or
reduced human doses leading to reduced mortality or morbidity.

There can be some uncertainty with specifying some impacts as costs or benefits. If a regulation
changes the operation of a facility in such a way that some variable costs are reduced while others
are increased, the averted variable costs should be included as negative costs. The net incremental
costs of changes in operations caused by regulation are the relevant costs for analysis. For
example, if human resource requirements are lowered with the installation of a particular piece of
hardware, the labour savings need to be considered. Recall, however, that sunk costs are not to be
considered in cost savings; only real saved variable costs are to be included.

On the other hand, averted costs due to reduced risk of accident or other outcomes are to be
considered positive benefits. Medical costs saved due to reduced risk of illness are positive
benefits. Cleanup costs averted due to reduced risk of accident are also positive benefits.

While it is important to correctly allocate costs and benefits, it is more critical to consistently
allocate costs and benefits between cost-benefit analyses. This allows the continued comparison of
benefit cost ratios when considering the relative merit of alternative approaches to regulation.

While the allocation of costs and benefits within society is not critical for the cost-benefit analysis
specifically it does provide additional insight into the allocative effects of regulation. The costs and
benefits to Canadian society are the relevant benchmarks for the decision as to whether the benefits
of the new regulation are "reasonably achievable." There are equity and competitiveness issues
regarding who bears the cost of regulation as was seen in the example of the mining enterprise
above. The allocation of costs and benefits can also provide insight into the potential for cost
recovery by the regulatory authority. Cost-recovery is itself an allocation of the costs of regulation
and may have additional deadweight losses and adjustment costs. Any cost recovery component of
a new regulation needs to be explicitly incorporated into the regulatory scenario so that the impacts
can be accurately assessed.

Finally, the timing of costs and benefits needs to be described. While costs tend to be incurred
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immediately and on an ongoing basis, benefits of health, safety and environmental regulation often
occur later on. Similarly, in undertaking a significant capital investment such as a nuclear
generating plant, the timing involved in the licensing and approval process can produce costs in the
form of carrying costs on funds invested before income streams generated by production. These
timelines need to be clearly outlined.

3.3 Summary

This first phase of the cost-benefit analysis is critical in setting a strong foundation for the
analytical components. The most challenging component of the analysis is the quantification of
costs and benefits. A thorough and credible identification of the impacts improves the quality,
credibility, and execution of the quantitative phase of the analysis. This phase also provides an
excellent opportunity, for review with regulators and stakeholders, to validate the identification and
priorization of impacts. The baseline and regulatory scenarios provide a benchmark for the
qualitative identification and assessment of the impacts of the introduction of a new regulation.
Impacts, both costs and benefits, which are considered insignificant in the preliminary qualitative
assessment need not be pursued further in the more detailed quantitative assessment.

A critical factor in the development of cost-benefit analysis is that it is only one of many tools in the
consultation and decision making process. Consultation with stakeholders at this early stage of the
process ensures that there is at least some level of understanding and agreement on the scenarios
defined. This will help to incorporate industry input at an early stage and acknowledge the areas
where there is some uncertainty with respect to outcomes.
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4.0 Quantifying the Cost of Nuclear Regulation

4.1 Direct Costs

The direct costs of regulation are probably the most straight forward of the impacts to quantify.
This involves the direct costs of compliance and the costs of administrating and monitoring the
regulation. These costs should be readily available from stakeholders, both industry
representatives and regulators. There may be some biases inherent in the cost estimates provided.
Those who favour a new regulation may well underestimate the costs of administration and/or
compliance to make the cost-benefit assessment more favourable. Those who oppose the new
regulation have an incentive to overestimate the costs of compliance. As these costs are expected to
be a significant component of the total costs, it is important to get an accurate reflection of
compliance costs. It is also important to recognize that compliance costs could change over time.
As firms understand the regulations better and technology improves, it is conceivable that
compliance costs could decrease over time.

The qualitative impact assessments should provide an evaluation of the sources of the incremental
costs of the regulation. This sets preliminary parameters for the analysts. The primary source of
the cost estimates would be stakeholder consultations, either through a survey, direct interviews,
or a combination of the two. Tools such as the Business Impact Test Software which was
developed by the Treasury Board, can also play a role in the stakeholder consultations. These
results could be validated through subsequent consultations with technical experts and reviews of
literature and past studies.

The USNRC has developed a number of tools which have streamlined the process of developing
costs of regulation. They include:

The Regulatory Analysis Technical Evaluation Handbook;
FORECAST - a regulator effects cost analysis software system; and
The Generic Cost Estimates manual.

These again focus largely on reactor facilities rather than more broadly. The USNRC has not
developed as many supporting tools for non-reactor installations.

The Technical Evaluation Handbook outlines the attributes that need to be considered in
quantifying the costs associated with a new regulatory action. It gives considerably more attention
to the quantification of benefits or impacts, specifically health and safety and property, as the cost
side is supported with the other two tools. The appendices provide supplemental information,
including reference values which can be used in calculations of costs and benefits.

The FORECAST software provides a Windows-based template for calculating costs of regulatory
compliance in reactors based on previous experience and generic costing methods. The program
essentially automates many of the tasks required to calculate the full range of costs resulting from a
change in the regulatory environment. It can analyze costs for both physical modifications and
procedural or analytical modifications for both pressurized water reactors and boiling water
reactors.

The analyst has considerable flexibility in specifying the nature of the characteristics changed and
the associated costs. It provides an integrated and automated calculation of the major costs to be
considered and simplifies and streamlines the process. This allows for detailed cost analysis that
builds on previous experience without the same significant investment in time and resources every
time. It also ensures that the costs are calculated consistently and comprehensively so that
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comparisons can easily and credibly be made between different initiatives.

The Generic Cost Estimates manual is essentially a comprehensive catalogue of the generic cost
studies that have been undertaken by and for the USNRC. It is intended to serve as an aid to
analysts in generating and or validating cost estimates in the preparation of cost-benefits analyses.
The catalogue presents an abstract of the generic cost study with a presentation of the relevant
information in the study. The estimates are regularly updated to provide the analyst with the most
current cost and radiation exposure information available

The catalogue is organized along key issues to facilitate access to the relevant information.
Sections include:

Impacts to Power Reactor Licensees;
Impacts associated with physical modifications.
Impacts associated with procedural/administrative/analytical requirements.
Task specific costs (i.e., steam generator replacement).

Impacts to Non-power reactor licensees;
Occupational radiation exposure;
USNRC Costs; and
Various support topics.

Within the section on impacts associated with physical modifications, for example, abstracts of
generic costing studies include such things as:

Reactor shut down and startup;
Replacement energy costs;
Reactor ciefueling, primary system drainage, and recovery;
Radioactive waste disposal;
Anti-contamination clothing; and
Health physics services.

The FORECAST and Generic Cost Estimates Tools allow analysts to undertake comprehensive
and complete analysis without the resource commitment required to complete unique analyses
every time. They build on previous work and continue to update the body of knowledge and
experience. This makes the process of conducting future analyses less daunting and expensive.

4.2 Indirect Costs

The indirect costs, both the deadweight losses and the adjustment costs, are more involved. The
quantification of these costs involves:

the behaviour of firms in the new regulatory environment;
the market in which the regulated firms compete; and
the behaviour of the customers or consumers of the product that the regulated firms
produce.

The key to identifying the value of the indirect costs lies in establishing the linkages between the
firms affected by the regulation and their relevant markets. The nature of the products, competition
and consumers will affect the nature of linkages. These linkages include:

competitive nature of markets - ability to pass cost increases to customers;
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production impacts on customers of the firms subject to regulation;
effect of demand changes on cost structure and ability to continue production; and
the transferability/specialization of resources used in the regulated firms.

Economists have three primary approaches to formalizing these linkages and calculating the indirect
costs of regulation. They are:

engineering estimates;
econometric sector models; and
"synthetic" sector models.

Engineering estimates are based on model plants. By specifying a number of parameters, the
results of different production demands can be calculated. This provides insight into the changes
in the cost structures of the individual firm and potential resource displacement. However, this
approach offers little information on the impacts beyond the specific sector under consideration.
The behaviour of customers, given changes in prices and/or quantities, are not reflected in
engineering estimates. These deadweight loss costs, if important in the individual case, must be
addressed from a different direction.

Econometric models are statistical regression models of economies or relevant sectors which
explicitly incorporate the linkages among firms. Econometric models are sophisticated, data
intensive undertakings which require a significant investment in time and resources but allow for
the explicit identification of indirect costs given changes in direct costs. Except in the largest cost-
benefit analyses, the time and resource requirements of an econometric model would not likely be
cost effective.

"Synthetic" sector models are similar to econometric models in that they are representations of
economies or relevant sectors which explicitly incorporate the linkages between market levels.
Rather than estimating the relationships using statistical regression of historical data, the linkages
are built "synthetically." The mathematical relationships are estimated using a variety of tools.
They include:

past empirical studies of the sector and similar sectors;
input from stakeholders and technical experts; and
engineering estimates and model firms.

While the synthetic models are not built on a foundation of historical data, they can provide a
credible estimate of indirect costs. This is particularly true if sensitivity analysis is incorporated
into the analysis. A well documented and defensible synthetic model can provide meaningful and
credible results with considerably less effort than an econometric model.
It is important to establish the context for the assessment of costs and benefits. In the case of the
Atomic Energy Control Board's regulations, the costs and benefits to Canadian society are the foci
of the analysis. Indirect costs that accrue outside Canada are not to be included in the sum of
costs. They are only considered in as much as they affect Canadian society. For example, jobs
lost in the mining sector due to regulation may well be gained in a competing country. The jobs
gained in the other country do not offset those lost in Canada.
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4.3 Summary

The quantification of the costs of regulation is more straight forward than is the case for benefits.
The specific direct costs of regulation can be collected from stakeholders and validated through a
number of avenues. The determination of indirect costs is more involved. However, through the
use of synthetic models, these costs can be effectively and credibly estimated.

It is clear from the USNRC practice that there is merit in building on previous work and
incorporating the previous results to build on and to validate cost numbers in current analyses.
Where appropriate, synthetic models and previous results can provide sufficient input to generate
credible numbers. This may not always be sufficient, especially in the first few analyses where the
foundation of previous experience has not yet been established.

In addition, the benefits of efficiency in building on a consistent foundation and base of tools is
that there is increased consistency between different analyses. One of the problems faced, when
the tools and structure used are at the discretion cf the analyst, is that there is no consistency
between studies. This can make comparison between different studies difficult. There may also be
the potential for questioning the results of one study because of differences in approach or scope.
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5.0 Quantifying the Benefits of Nuclear Regulation

5.1 Introduction

Historically, the quantification of the benefits of health and safety and environmental protection
regulations, such as those found in the nuclear industry, has been the most problematic and
contentious issue in assessing the costs and benefits of those regulations. There are, however,
specific approaches to overcoming the hurdles in quantifying the benefits of regulation. The
primary challenges in assessing regulations have been:

Incorporating the impact of risk and the reduction of risk into quantified benefits;
Valuation or units of quantification;
Alternative approaches to monetarizing human mortality and morbidity; and
Alternative approaches to monetarizing environmental resources.

Approaches to addressing these challenges are outlined below.

5.2 Incorporating Risk

Risk enters into the calculation of benefits in two main ways.

Regulation is designed to reduce the risk of a particular outcome rather than absolutely
prevent a given outcome. Recall that regulatory standards are set based on two primary
criteria. First, there is a maximum level of risk tolerable. Minimum standards are
established to ensure that the risk to public health and safety does not exceed a basic
"tolerable" level. Further risk reduction is based on the ALARA principle. This
motivates the use of cost-benefit analysis. The benefits of dose limits are, for example,
a reduced risk of illness or death.

The future is uncertain. The probability of particular outcomes can affect the value of
the benefit accruing to a given regulation. The benefits of containment requirements
provide benefits of reduced risk of human and environmental exposure. Regulations
requiring containment do not change the risk of an incident requiring containment.
However, the risk or probability of such an incident needs to be considered in
identifying the impact of the regulation.

The explicit incorporation of risk or uncertainty is required. Risk or uncertainty has two primary
components. They are:

The probability that a specified outcome occurs; and
The impact that such an outcome would have.

Regulation can affect both of these components. By reducing the probability of a specific outcome
the overall risk is reduced. Using the dose-limit example again, the probability of morbidity or
mortality is reduced because the probability of getting a specific radiological exposure is reduced.
On the other hand, regulation can also affect the nature of the impact of an adverse outcome.
Requiring a containment system does not reduce the risk of an incident. It does, however, change
the nature of the impact that an incident would produce.
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In assessing the impact of risk in a cost-benefit analysis there are three key steps:

Identification of the impacts in which the marginal risk is changed;
Estimation of the change in the marginal risk for each impact identified; and
Determination of the net change in impact.

It is important to remember that risk-impact relationships are not necessarily linear. Changes in
risk of health effects after radiation doses are highest at higher levels of exposure. The marginal
reduction in risk decreases less as dose levels are lowered. Editors note: The International
Commission on Radiological Protection assumes a linear relationship between dose and exposure.

It is also important to remember that risk can involve multiplicative probabilities. A reduced dose
limit reduces the probability of getting a given dose. Each dose level also changes the risk of
health effects. The probability of health effects due to a specific dose limit is the product of the two
intermediate probabilities.

The nuclear industry has historically built detailed probability risk assessments into the process of
evaluating regulations or capital upgrades. Scientific literature has a wealth of information on the
nature of the risks and the impact of alternative approaches to changing that risk. Stakeholders,
regulators and technical experts will also have great insight into these risks and impacts. A
probability profile can provide an expected value or expected outcome based on the information
available. In cases where probabilities are tested or evaluated with specific variances, a probable
range around the expected outcome can also be evaluated in sensitivity analysis. In cases where
probabilities are more subjective, even if based on strong scientific opinion, a minimum and
maximum possible outcome or worst/best case scenario can be used to undertake sensitivity
analysis.

At Environment Canada and Transport Canada the approach to incorporating risk is left to the
analyst and no specific guidelines are provided. Fundamentally all approaches are probability
based. The USNRC builds explicitly on Probabilistic Risk Assessment (PRA's). The Technical
Evaluation Handbook provides detailed formulae for valuing the impacts of reduced health risks.
This ensures a consistent approach in all cases. It also provides estimates of doses that occur in
specific incidents (with high and low estimates around the best estimate for sensitivity analysis).
Finally it also provides specific formulae to calculate the change in the risk, that is the change in
accident frequency or dose exposures.

The USNRC regulatory impact guidelines acknowledge that there may be some difficulty in
quantifying the specific risks associated with all impacts. Ideally information will be available
from a PRA or other statistically based analysis. If that is not the case other data can be used in
attempting to quantify the relevant risk factors. The assumptions used must be clearly stated when
specifying the method for determining the risk. Sensitivity analysis is critical in maintaining the
credibility of the analysis.

It is important to remember that these analyses are dealing with incremental risk reduction. The
existing status, whether regulated or not, has a given level of risk. This is the baseline scenario. If
this baseline equals or exceeds the minimum standard then the cost-benefit analysis is implicitly or
explicitly conducting an ALARA analysis with some level of costs to benefits being interpreted as
"reasonable." The purpose of cost-benefit analysis in nuclear regulation is to assess whether the
incremental benefit (the marginal reduction in risk) warrants the cost of achieving that benefit. If
the absolute level of risk is judged to be unacceptable before the regulation in question is
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introduced, a cost-benefit analysis is unnecessary. It is critical to define the acceptable level of risk
clearly. In the context of ALARA it is only the risk reduction beyond the maximum tolerable risk
that needs to assessed in terms of cost-benefit.

5.3 Valuation of Benefits

The valuation of benefits is an emotional and contentious issue. Benefits of regulation are often
reduced risk of illness, death or environmental contamination. There is a clear ethical dilemma in
placing a fixed value on a human life. The quantification of benefits requires some measure of
benefits which can be assessed in the context of costs.

Many past studies of health and safety or environmental regulation have used the physical impact,
that is lives saved or dose reduction as the yardstick against which costs are assessed. This non-
monetary valuation has also been used extensively in assessments undertaken in the nuclear
industry. The non-monetary approach to valuation is appealing because it explicitly avoids the
dilemma of valuing life. It is problematic in that it is difficult make comparisons among benefits.
This is especially true if alternative regulatory regimes are under consideration. How does a
human life compare to an illness? How does a human life compare to a clean watershed?

Monetary valuation of benefits allows a direct comparison to costs. It is also appealing in that it
creates a common denominator for all benefits. While it is challenging and potentially troubling to
put a financial value on a life for example, it can be equally challenging to compare the relative
merits of a number of statistical lives saved and a number of statistical illnesses averted.
Monetarization of benefits is increasingly employed in the execution of cost-benefit analyses. It is
now considered necessary to monetarize the benefits to have a consistent base for comparison.
This does not preclude reporting the physical impacts for context. Cost-benefit analysis is one of
many sources of information for the decision making process. There are a number of approaches
to valuing these impacts in monetary terms.

5.4 Valuing Mortality and Morbidity

There are two broad approaches that have been applied to the valuation of risk of loss of life or
illness. These two are described as:

Discounted Cost of Treatment and Loss of Earnings; and
"Willingness to Pay;"

Discounted cost of treatment and loss of earnings is also known as the human capital approach. It
attempts to put a value on life or illness by determining the "costs" associated with loss of a life or
an illness. This approach is much more frequently applied to mortality but can also be used for
non-fatal outcomes as well.

There are a number of difficulties with this approach.

There is no clear consensus as to what variables to include. While some researchers
say that only the discounted value of before tax earnings plus the costs of treatment
should be included in the value. This clearly ignores the costs associated with that life.

There is different value placed on individuals with different occupations, sex, age, etc.,
which can prove difficult ethically and make measurement very difficult. Technically
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unemployed individuals or parents who stay at home have no value under this
approach. General averages over populations can be used to overcome this obstacle.

There is no clear intuitive connection between the value placed on the individual and the
willingness of the individual to accept the risk.

This does not reflect the pain and suffering of the individual or their family.

Despite these problems, this approach is still the one that is used most frequently. Data on
earnings and other financial characteristics are usually readily available and allow for a relatively
straight forward calculation of the value.

The willingness to pay approach attempts to value the benefit of reduced risk by determining the
value that individuals put on the reduced risk. This makes an inference on the individual's value of
their own life or health. Individuals provide insight into their willingness to pay for reduced risk.
There are two primary approaches to this.

Market comparisons; and
Individual surveys.

Market comparisons assume that the markets reflect individual preferences. Individuals are willing
to accept higher pay for increased risk and this premium reflects their value on that marginal risk.
In the survey approach to individual preferences, individuals are asked specifically about their
preferences and the value of life.

The willingness to pay approach is appealing in that it has an explicit intuitive connection to the
actual value individuals place on risk reduction. It also comes with a number of potential
difficulties.

It assumes for the market comparison approach that there is a complete understanding
of all the risks and other factors on the part of individuals. This is also true in the
survey approach.

The market comparison approach requires wage or other information, in which the only
difference between the two jobs is the level of risk. Otherwise other factors will be.
reflected in the wage differentials. Corrections have to be made for the other factors in
order to get an accurate reflection.

The survey approach is open to biases in responses. Some have argued that
individuals value their life and health higher when questioned than they exhibit by their
actions. Responses to surveys will be very subjective.

The willingness to pay approach is significantly more involved than the discounted cost of
treatment and potential earnings approach. The data and time requirements are greater. It is not
clear that the greater investment of effort in the willingness to pay approach provides a clearly
superior measure of the value of life or illness.

There is a third option in the establishment of the value of life. There have been a considerable
number of studies on the value of life. These have been undertaken in the nuclear industry and in
other sectors. They include values for Canada and other countries. These studies have used both
approaches as well as considering different parameters within each approach. The considerable
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disagreement on the "correct" method for valuing life leaves almost any approach open to
challenge. Surveys of past cost-benefit analyses suggest that the valuation of life or illness does
not usually change the policy implication of the analysis, although on occasion the valuations
differ by a factor of ten or greater.

An "average" value of life could be established based on past studies and information. This builds
on a greater pool of research. While not based on an individual approach or specific data, it is built
on a strong foundation of previous work which makes it defensible. The incorporation of
sensitivity analysis around the selected average would provide a greater level of credibility. This
approach would involve significantly less investment of effort. It is not clear that effort invested in
the human capital approach would provide a more credible or accurate reflection of the value of
life. If there is significant sensitivity in the analysis to the level of average value, a subsequent
decision could be made to undertake a discounted cost of treatment and potential earnings approach
for additional support.

The approach to valuation of human life varies between the various agencies consulted.
Environment Canada has not established a "standard" value of life. This is another component of
the analysis that is left to the discretion of the individual analyst. This results in different values
being used depending on the method of calculation or the source of information. Environment
Canada is currently working towards synthesizing the information available to work towards
guidelines on valuing human life. There is some resistance to using a standardized value of life for
all of Environment Canada. Rather, the Department expects to generate reasonable ranges such
that analysts retain some flexibility in choosing a value for their specific project without having to
generate a new study. This will provide some consistency.

While a range may at first glance not seem to provide as much consistency as a single value, there
is an argument for a range of values. Society does not treat all risks equally. A value for human
life can also be interpreted as the amount society would be willing to spend to avert a specific type
of death. It can easily be argued that society may fear death from radiation more than death in a car
accident and, therefore is more willing to reduce the risk of that death. Public responses to photo
radar (a low cost way to reduce risk) versus nuclear installations would bear this out. There may
also be an aversion to disasters relative to single deaths. Far fewer people die in plane crashes than
in car accidents in Canada every year. The coverage and fear of plane crashes is far greater and,
therefore, society may well be willing to pay more to reduce the risk of plane crashes. This
distinction, cost of reducing risk as opposed to the value of life (essentially the contingent valuation
approach) makes it easier to understand and justify a range of "values of life."

Siddal (1981) argues that use of differing costs of saving lives is inefficient. He suggests that a
common standard is better and that a higher overall level of public safety could be achieved if
resources saved in one area are dedicated to reducing risk in others. The application of "science
and reason" would remove the allowance for differing perceptions of the of risk but would provide
for increased societal efficiency in reducing risk.

The USNRC has historically used a fixed value of $1,000 per person rem in cost-benefit analyses.
That value was historically used to value all impacts, including off site property. That policy is
expected to be updated to reflect $1,000 per person rem for health impacts only. This was
historically accepted as a conservative value for use in cost-benefit analysis. In 1994, the USNRC
commissioned a study (Baum, 1994) to assess the value that society had put on lives. These
values were deduced from the amount that society actually spends on avoiding specific types of
risk and on previous "willingness to pay" surveys. While society does not always explicitly value
life, there are implicit valuations based on things such as expenditures on health care,
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transportation safety, and other risk reducing areas.

The results of the USNRC study indicated that the values ranged from $1.4 million to $2.7 million
depending on life saved. This was translated into value per person rem using risk per unit dose
coefficients and other considerations to provide values of $750 to $1,500 per person rem. This
would suggest that the $1,000 per person rem is not inappropriate for use in the USNRC cost-
benefit calculations.

The HSE in the United Kingdom uses a standard number of 1,000,000 Pounds for the value of life
which is reasonably consistent with that used by the USNRC. There is currently considerable
discussion concerning this value. The discussion revolves around whether the value should be
higher to reflect a greater public aversion to nuclear and or radioactivity accidents. There is also
some discussion of a higher factor to reflect potential for greater numbers of deaths which society
also tends to be more averse to.

Transport Canada used a Departmental Standard of $1,500,000 per life saved. This is a
"conservative" number while some studies suggest that the actual societal value may be as low as
$400,000 -$500,000 depending on approach used in calculation and the nature of the specific risk.

5.5 Valuing Environmental Resources

The valuation of environmental resources, while considerably less contentious than valuation of
human life, can also be problematic. Some resources, for example residential, industrial, or
agricultural land, are traded and market prices reflect their value. Other resources, such as water,
are not traded and values have to be established. There are four broad approaches to valuing
environmental resources. They are:

"Market model" of impacts;
Land valuation;
Contingent valuation or willingness to pay; and
Travel costs.

The choice depends less on the individual merits of alternative approaches than on the specific
environmental resource to be valued and the data available.

The market model of impacts develops a connection between the impacts of the regulation and the
productivity of the particular resource. This is particularly related to land areas affected by
something. The market model approach attempts to evaluate the change in productivity by
specifically determining the outcomes and the reactions of those affected. This involves detailed
assessment and a number of assumptions regarding impacts and the potential response to those
impacts.

The land valuation approach assumes that land prices reflect the risks associated with location.
This is similar to the wage differential approach discussed in the previous section. Pieces of land
which are similar in most respects and differ in the nature of the risk under consideration are
compared. Corrections have to be made if all factors are not similar between the parcels of land.
This can prove difficult. The difference in corrected land price reflects the increased risk, or risk
premium.

Contingent valuation or willingness to pay approach involves asking people directly how they
value a particular resource or a change in the circumstance of that resource. This approach is used
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when there is no actual trade or market for that resource. For example, this would include
recreational facilities or merely the existence of clean water. People do not have to necessarily
"use" the resource but may assign an existence value. This involves surveying users directly and
provides a subjective measure of value.

Finally, the travel cost method values the environmental resource by determining what people
actually "pay" to use that resource. This sets an economic minimum value for the use of the
resource, usually recreation. The minimum economic value is reflected by what people expend on
such things as travel and lodging to use a resource. The applicability of this approach is limited.

These methods estimate a value for an environmental resource. They provide insight into the
value society places on its existence, and provides insight into the benefit of the availability of the
resource either over given periods or permanently. Benefits accruing through such things as clean
up costs saved are calculated much the same as costs are with the incorporation of a probability
weighting factor.

As was the case with valuing human factors, there is an opportunity to use previous results, where
applicable. This allows the analyst to build on a pool of previous work, where credible. This
ensures that the analysis does not "reinvent the wheel." The first attempt at valuing environmental
impacts that are considered relevant should be to explore previous work. If no suitable evidence or
data is found, a different approach must be chosen based on the specific requirements and the data
available.

Environment Canada has an internal Task Force on Environmental Regulation. In recognition of
the likelihood of increased need for valuation of environmental amenities, this Task Force is
considering working towards a protocol for "benefits transfer" which refers to using the results of
previous work. This approach essentially takes the results of a previous study with similar
characteristics and adjusts the results to reflect differences in characteristics. The nature of these
adjustments would depend on the specific nature of the previous study and the needs in the current
study. Such a protocol would allow for the use of previous experience to save time and resources
and maintain a credible analysis. It must be stated that the results are only as credible as the
previous study and the degree of similarity with the current analysis. This approach does not differ
fundamentally from using previously calculated values of life or generic cost estimates.

Environment Canada has begun collecting a foundation of previous studies to provide input into
analysis using a benefit transfer protocol. Carson et al (1994) summarized a number of contingent
valuation studies. They also have a number of electronic bibliographies from the U.S.
Environmental Protection Agency and the U.S. Forestry Service which, along with their own
work begin to establish the foundation from which to proceed.

Historically the USNRC has assumed that environmental (non human impacts) were encompassed
in the $1,000 per person rem figure that they had used as a standard value of life. They now
acknowledge that this is not a rigorous or accurate accounting and may, therefore, underestimate
potential benefits. They will be working increasingly towards completing an accurate reflection of
the environmental resource benefits of any regulatory action. This was identified as an area where
improvement is needed and action will be taken.
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6.0 Discounting

6.1 Why Discount

The quantification of costs and benefits provides a basis for comparison of the relative costs and
benefits accruing to particular regulation. However, these costs and benefits do not necessarily
occur simultaneously and instantaneously with the introduction of a particular regulation. For
example, lower dose limits may well have immediate costs as productivity might be expected to
decrease. On the other hand, the benefits of reduced exposure (or reduced risk of exposure) may
not be felt for some time. The costs and benefits occur on a timeline laid out in the process of
quantification. To effectively and fairly compare these events in different moments in time, the
value of the costs and benefits must be brought to a common time denominator.

Discounting provides an approach to determining the present value of costs or benefits occurring in
the future. This chapter outlines the process of discounting and the issues involved in selecting an
appropriate discount rate. The discount rate can have a dramatic effect on the outcome of a cost-
benefit analysis, and thus, careful selection of an appropriate rate is important.

Discounting values future costs or benefits lower than present ones (assuming a positive discount
rate). In considering purely financial decisions this rationale is clear. Capital used for one
particular investment has an opportunity cost. That is, by using the capital for a particular
investment another opportunity is foregone. If the chosen investment does not provide at least the
return of the foregone investment then it is clearly not a superior choice. Why would capital be
allocated to a particular use if the return is higher elsewhere? People generally prefer consumption
today rather than tomorrow. There is a degree of uncertainty as to the potential for actually getting
the consumption tomorrow. There is also the factor of inflation which means that the value of
consumption today will be higher than in the future.

The issue becomes more contentious when we discount mortality, morbidity, or environmental
resources. The same moral questions must be addressed as was the case with the valuation of
these phenomena. Not only do we put an economic value on human life but we put a higher value
on life today than life in the future. It has been argued that the benefits to human life, health, and
environmental resources should not be discounted. Discounting costs but not benefits can
significantly change the results of the cost-benefit analysis. There are, however, some compelling
reasons to discount both costs and benefits:

Uncertainty as to future benefits and costs. There is a chance that scientific knowledge or
medicine will change the nature and value of costs or benefits in the future. Discounting
assigns greater weight to costs and benefits that occur sooner rather than later based on the
net present value formula outline below.

It is reasonable to favour lives saved or illness reduced today versus those saved in the
future. Human behaviour will generally prefer consumption or benefit today, versus the
same consumption or benefit tomorrow. Testing of new drugs or medical products is not
done on healthy individuals now to save others in the future without significant assurances of
safety to the individual involved in testing.

Discounting is an essential element in standardizing the value of costs and benefits. To assess the
costs and benefits, they must be standardized to a common value. Discounting accomplishes that
goal. The key factor in addressing how significantly to discount future impacts is the choice of the
discount rate.
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6.2 Calculating Net Present Value

The process of discounting involves applying a factor to a series of monetary values over time.
The factor provides a present value for future cost or benefits. The factor or discount rate reflects
the relative value of a cost or benefit today versus one at some time in the future. The formula used
to discount the present value of future cost or benefit is:

PV = FV ( l/(l+r) )n

where PV is the present value;
FV is the future value of the cost or benefit;
r is the discount rate chosen; and
n is time period in which the cost or benefit occurs.

6.3 Choosing a Discount Rate

The choice of a discount rate is the factor which determines the weight placed on costs or benefits
in the future. A lower discount rate places a higher value on future impacts relative to current
impacts than does a higher one. The Treasury Board cost-benefit analysis guidelines recommend
the use of a 10% discount rate with sensitivity analysis of 5% and 15%.

The effect of discount rate on the cost and benefit flow is shown in Exhibit 5. The first two
columns in the Table show the actual cost and benefit flows. The remaining columns show the net
present value of those flows using discount rates of 2.5%, 5% and 10% respectively. In this
example, when discounted at 10% the net present value of the benefits minus the costs becomes
negative. The effect of discount rates on the values furthest into the future is the most dramatic. A
benefit of $20,000 fifty years in the future is discounted to $5,818.84, $1,744.07, and $170.37 at
rates of 2.5%, 5% and 10% respectively.

Economists have argued that societal discount rates are lower than those used by individuals or
firms. The objectives, time preferences and borrowing capacities of society generally are different
from those of individuals. Societal discount rates are generally thought to be between 5% and 8%.
The best strategy in selecting a discount rate is to follow the Treasury Board guideline of 10% with
sensitivity analysis at 5% and 15%. Cost-benefit results will often be insensitive to these changes
in discount rates and no further analysis is required. A "break-even" or "internal rate of return"
analysis can also be undertaken to determine the discount rate at which costs equal benefits.
Alternatively, if there are definitively different results between the different rates there is merit in
trying 5% as the discount rate with sensitivity analysis at 2.5% and 7.5%. This can be defended
for several reasons:

The mortality, morbidity, and environmental effects are longer term than is usually the
case for a capital investment. This should be reflected in the discounting process.

The social discount rate is generally considered to be lower than 10% and thus 5% may
more accurately reflect a reasonable rate.

Current interest and inflation rates are much lower than when the 10% standard was
established. Costs and benefits are usually expressed in nominal dollars.
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It is important to remember that cost-benefit analysis is one of several tools in the decision making
process. Monetary valuations of mortality, morbidity or environmental resources can be
accompanied by the actual physical values to provide context for the dollar values. The results of
the cost-benefit analysis provide important perspectives on the real impacts of a regulation.

6.4 Comparing Costs and Benefits

The present value of all costs and benefits can be calculated using the formula given above with the
discount rate selected. Having calculated the present value of both costs and benefits, analysts
have two choices in comparing them. They are:

Net Benefits - This subtracts the net present value of the costs from that of the benefits
to determine a single net benefit value. A positive number indicates that benefits exceed
costs.

Benefit-Cost Ratio - This gives a ratio of benefits to costs. The larger the number, the
greater the benefit.

The benefit-"ost ratio provides a good relative measure to compare different initiatives or options.
The option with the highest ratio provides the best "value" in terms of costs. The drawback of the
ratio approach is that it provides no assessment of the nature of the size of costs and benefits.
Large costs may prove to be debilitating for industry despite significantly larger benefits. While
the effects on industry should be reflected in the indirect costs, isolated costs and benefits provide
useful insight into the potential competitiveness implications, especially if costs and benefits are
allocated. In assessing the value of a new or existing regulation, without the need for comparison
to other initiatives, the net benefit approach has more appeal because of the additional information
available.

6.5 Current Practice

The use of discounting in cost-benefit studies, especially given health and safety issues, remains
extremely sensitive for all regulatory agencies. There is, however, increased recognition that this
is an important factor and must be incorporated into credible cost-benefit analysis.

The USNRC currently only discounts costs in their analysis. There is a recognition that this skews
the results and makes comparison of costs and benefits problematic. They are working towards
discounting benefits. The expectation is that they will use a real discount rate of 5% with
sensitivity analysis to 10%. There will be an exception with respect to the longer term effects, that
is those approaching 100 years. For these long term effects, the proposed discount rate is 3% for
the analysis.

The USNRC also emphasizes the importance of showing the timelines for the costs and benefits
flows. This shows the actual time over which costs are expected to be incurred and benefits
accrued, and sheds additional light onto the meaning of the discounted values. These timelines are
a natural output of the comparison of baseline regulatory scenarios in the development of a cost-
benefit study.
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The USNRC Regulatory Impact Analysis Guidelines explicitly state a preference for a net benefits
calculation over a benefit-cost ratio. The Office of Management and Budget guidelines are the
source of this recommendation. The reason for this recommendation is the risk of picking one
initiative over another based on a higher benefit-cost ratio while not getting the highest level of net
benefit. While not explicitly precluding benefit-cost ratios, the guidelines emphasize the need for
considering net benefits as well as ratios and taking great care in interpreting results.

The HSE is the United Kingdom has tended to avoid discounting of benefits because of the long
term nature of the risks. The HSE favours using discounting and works within the parameters
recommended by their Treasury Department.

Transport Canada and Environment Canada work within the parameters established by our
Treasury Board. There is some interest at Environment Canada to moving to a rate of 5% with
sensitivity at 3%, 77c and 10% to reflect the feelings that the 10% level may be somewhat high.
They are also considering a 40 year threshold for benefits. Beyond that threshold the benefits
become quite small at most discount rates. Once again Environment Canada staff emphasize the
need for flexibility for analysts to tailor the approach to the specific needs of the issue in question.
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7.0 Summary and Synthesis

7.1 Summary

The preceding discussion has outlined the framework within which cost-benefit analyses of
regulation may be undertaken. The general framework is consistent for any cost-benefit analysis.
The particular needs or individual structure of the industry to which the regulation is targeted and
the particular nature of the regulation will affect the methodologies chosen to execute specific steps
within that framework.

The discussion also includes insight into the approach to cost-benefit analysis used in other
jurisdictions, specifically the U.S. Nuclear Regulatory Commission, the Health and Safety
Executive, Nuclear Safety Division in the United Kingdom, Transport Canada and Environment
Canada.

Various methodologies, and their relative strengths and weaknesses in the context of regulation in
the nuclear industry, are outlined in the discussions of each phase of the cost-benefit framework.
Those individual methodologies and approaches in other jurisdictions that are best suited to the
assessment of regulations administered by the Atomic Energy Control Board are incorporated into
the framework presented below.

It is critical to acknowledge that cost-benefit analysis is one of many tools in the decision making
process. It does not provide a definitive conclusion for a decision. It also does not replace
consultation; rather it serves as a foundation on which to build consultations. It is also important to
specify when a cost-benefit analysis is needed. If the regulation can be justified as a minimum
societal requirement of safety then that must be met regardless of cost. That decision must be made
first. If new regulations are moving us to marginal improvements in safety beyond the maximum
tolerable risk, cost-benefit analysis can provide insight into whether those advances are warranted.

The detailed cost-benefit analysis framework that follows incorporates the discussion in the
preceding chapters into a proposed framework that will serve as the basis for consultations with
stakeholders. It synthesizes the conclusions on the relative merits of alternative approaches into a
comprehensive framework with specified methodologies for executing the framework.

7.2 Proposed Cost-benefit Framework

Phase I - Identification of Impacts

Development of Baseline Scenario

The baseline scenario sets the benchmark from which the incremental costs and benefits attributable
directly to a regulation or set of regulations are determined. It provides a detailed context of the
status, structure and performance of the affected sector and the linkages to other sectors. The
baseline scenario also identifies the structure and status of the regulatory body in the absence of the
regulation or set of regulations in question. Development of the baseline scenario is based on:

Existing documentation, reports, statistics and data; and
Consultations with industry stakeholders, regulatory authorities and other technical
experts.
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Development of Regulatory Scenario

Similar to the baseline scenario, the regulatory scenario details the context of the relevant sectoral
participants given a new regulation or set of regulations. The baseline and regulatory scenarios are
developed concurrently in the execution of this phase. Thus input into the development of the
regulatory scenario uses the same data as the baseline scenario:

Qualitative Assessment of Impacts

Following the establishment of the baseline and regulatory scenarios, the key differences, or
incremental costs and benefits accruing directly to the regulation or set of regulations, can be
isolated. At this stage these impacts are qualitatively assessed. The qualitative assessment of
incremental costs and benefits sets the foundation for the quantitative evaluation of costs and
benefits.

It identifies the relevant costs and benefits which need to be quantified;
This helps to establish the data and information needs and some of the
quantification methodologies to be selected.

It identifies those impacts which are considered too small or insignificant to merit
further investigation.

The qualitative assessment of incremental costs and benefits, along with the scenarios from which
the assessment is developed provides an opportunity for project authorities or stakeholders to
review the work of the analysts in order to validate the results and achieve consensus before further
work.

Phase II - Quantification of Costs

Quantifying the Costs of Regulation

This stage involves the formal quantification of all direct and indirect costs. Suggested tools for
determining these costs are:

Direct Costs

Industry stakeholder consultations (surveys and interviews);
Regulator consultations; and
Validation and interpretation could be assisted through:

Business Impact Test software
input from technical experts
previous studies and other literature.

Indirect Costs

Synthetic sector models based, depending on the costs to be assessed, on:
past empirical analysis of the sector and its linkages to other sectors
input from stakeholders and other technical experts
engineering estimates and model firms/plants
sensitivity analysis to improve confidence level.
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Quantifying the Benefits of Regulation

This stage involves the formal quantification of all the benefits of the new regulation. In the case
of nuclear regulation, this may be a two stage process.

Quantification of the benefits of a change in the marginal risk associated with a particular operation.

Determination of the change in the probability of selected outcomes;
Impact/effect of a particular outcome (i.e. lower dosages); and
Probability weighted outcome to assess the benefit accruing to change in the marginal
risk.

Valuation of Benefits in Monetary Terms

For human mortality and morbidity:
Initially incorporate the results of previous valuations and a range around the
"average" value.
If results and policy implications are sensitive to changes in valuation, develop
internal valuation based on the discounted cost of treatment and potential income
approach.

For environmental resources:
Review existing valuations to determine if relevant and credible information is
available.
If no suitable information/valuation is available, identify specific needs and data
available and choose appropriate tool from: market models, land valuation
approach, contingent valuation, and travel cost approaches.

Calculate Net Present Value (NPV) of Costs and Benefits

Apply NPV Formula to Lagged/Future Costs and Benefits

Discount the time line of nominal costs and benefits to current dollars. Discount rate:

Begin with Treasury Board guidelines of 10% with sensitivity analysis at 5% and 15%.
If results differ dramatically through sensitivity analysis try discount rate of 5% with
sensitivity analysis at 2.5% and 7.5%.

Assessment of Costs and Benefits

There are two approaches to assessing the costs and benefits. Both provide useful information and
do not require significant investment of time or resources.

Level of net benefit; and
Benefit cost ratio.

This framework will provide a detailed and comprehensive assessment of the relevant costs and
benefits accruing to a specified regulation, set of regulations, or regulatory change. That
assessment will provide valuable input into the decision making or consultative process.
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