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ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) uses the dollar per person-rem conversion
factor in developing cost-benefit analyses to determine the monetary valuation of the
consequences associated with radiological exposures. In 1995, the NRC issued NUREG-1530,
“‘Reassessment of NRC’s Dollar per Person-Rem Conversion Factor Policy,” which updated the
dollar per person-rem conversion factor from $1,000 to $2,000 (in constant dollars) (NRC,
1995a). The $2,000 per person-rem conversion factor serves only as a proxy for the health
effects associated with a person-rem of dose. This number resulted from the multiplication of
the value of a statistical life (VSL) ($3 million in 1995) by the risk coefficient for stochastic health
effects (7.3 x 10 per person-rem), rounded to the nearest thousand. The continued validity of
the $2,000 per person-rem conversion factor has been questioned because estimates and
bases for the VSL and cancer mortality risk coefficients have changed since the NRC published
NUREG-1530 in 1995.

Revision 1 to NUREG-1530 incorporates updates to the dollar per person-rem conversion factor
and establishes a method for keeping this factor up-to-date. The dollar per person-rem
conversion factor has been updated from $2,000 (in constant dollars) to $5,200 in 2014 dollars
based on the application of an updated best estimate VSL of $9.0 million and the U.S.
Environmental Protection Agency’s cancer mortality risk coefficient of 5.8 x 10 per person-rem.
Revision 1 to NUREG-1530 directs the NRC staff to round the conversion factor to two
significant figures instead of rounding to the nearest $1,000 value and provides guidance to the
staff on when to use a higher dollar per person-rem conversion factor.
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1 REGULATORY BACKGROUND

For all activities regulated by the U.S. Nuclear Regulatory Commission (NRC), the Commission
has the authority to take action it deems necessary to ensure adequate protection of public
health and safety. Additionally, for NRC-regulated activities, the Commission has discretionary
authority to require safety improvements, beyond those necessary to achieve adequate
protection, that will increase the protection of public health and safety. The NRC uses various
tools to determine whether such a safety improvement is justified, including a cost-benefit
analysis. To compare the incremental costs and benefits, all attributes considered in the cost-
benefit analysis must be expressed in common units, typically dollars. Therefore, person-rems
of averted exposure, a measure of safety value, is converted to dollars by monetizing the health
detriment of radiation exposure. The NRC monetizes the cancer mortality risk of radiation
exposure as dollars per person-rem of collective dose.

The NRC establishes the dollar per person-rem conversion factor by multiplying a value of a
statistical life (VSL) coefficient by a cancer mortality risk coefficient. The U.S. Environmental
Protection Agency’s (EPA) summary cancer mortality risk coefficient is a gender-averaged
value, calculated for a stationary U.S. specific population (defined by the 2000 U.S. vital
statistics) (EPA, 2011b). The VSL is not a value placed on a human life, but a value that society
would be willing to pay for reducing health risk. The concept of a VSL is used throughout the
Federal government to monetize the health benefits of a safety regulation.

For approximately the last two decades, the NRC has used a conversion factor of $2,000 per
person-rem (in constant dollars) as the monetary valuation of the consequences associated with
radiological exposure. That is, an increase or decrease in person-rem is valued at $2,000 per
person-rem to allow a quantitative comparison of the costs and benefits associated with a
proposed regulatory decision. In the initial publication of NUREG-1530, “Reassessment of
NRC'’s Dollar per Person-Rem Conversion Factor Policy,” in 1995, the NRC established this
conversion factor from the multiplication of the VSL ($3 million) by the risk coefficient for
stochastic health effects (7.3 x 10 per person-rem) (NRC, 1995a). Stochastic health effects
are health effects that occur by chance and may occur without a threshold level of dose, whose
probability is proportional to the dose and whose severity is independent of the dose.

This conversion value has been used as a reference point in NRC regulatory analyses
including: (1) evaluation of routine liquid and gaseous effluent releases; (2) evaluation of
accidental releases; (3) evaluation of radiation protection practices, as provided for in Part 20
of Title 10 of the Code of Federal Regulations (10 CFR), “Standards for Protection Against
Radiation”; (4) backfit analyses; and (5) environmental analyses.

The NRC prepares regulatory analyses for proposed actions that would impose requirements on
NRC licensees. The analyses include an examination of the benefits and costs associated with
alternative approaches to meeting the particular regulatory objectives. The NRC requires a
regulatory analysis for a broad range of regulatory actions. In general, all mechanisms used by
the NRC staff to establish or communicate generic requirements, requests, or staff positions,
that would effect a change in the use of resources by the licensees will include an
accompanying regulatory analysis. These mechanisms include rules, bulletins, generic letters,
regulatory guides, orders, standard review plans, branch technical positions, and standard
technical specifications. The conclusions and recommendations included in a regulatory



analysis are neither final nor binding, but rather are intended to inform decisions made by the
NRC staff and the Commission.

The continued validity of the $2,000 per person-rem conversion factor has been questioned
because estimates and bases for the VSL and cancer mortality risk coefficients have changed
since the NRC published NUREG-1530 in 1995 (NRC, 1995a).

Revision 1 to NUREG-1530 incorporates updates to the dollar per person-rem conversion factor
and establishes a method for keeping this factor up-to-date. The dollar per person-rem
conversion factor has been updated from $2,000 (in constant dollars) to $5,200 (in 2014 dollars)
based on the application of an updated best estimate VSL of $9.0 million and the EPA’s cancer
mortality risk coefficient of 5.8 x 10 per person-rem. Revision 1 to NUREG-1530 directs the
staff to round the conversion factor to two significant figures instead of rounding to the nearest
$1,000 value and provides guidance to the staff on when to use a higher dollar per person-rem
conversion factor.

The NRC'’s Revision 1 to NUREG-1530 continues the practice of calculating a dollar per
person-rem conversion factor based on the VSL and a cancer mortality risk coefficient that
establishes the probability for cancer mortality health effects attributable to radiological
exposure. The resulting dollar per person-rem conversion factor is expected to apply to
situations where populations are exposed to low doses that collectively result in calculated
excess cancers.



2 HISTORY

The U.S. Nuclear Regulatory Commission (NRC) and its predecessor agency, the Atomic
Energy Commission, have implemented a dollar per person-rem conversion factor for over four
decades. The issue of assigning a monetary value to radiation dose in regulatory
decisionmaking arose in 1974, during the hearing for a rulemaking addressing routine effluent
releases from nuclear power reactors. The subsequent rule was Part 50 of Title 10 of the Code
of Federal Regulations (10 CFR), “Domestic Licensing of Production and Utilization Facilities,”
Appendix I, “Numerical Guides for Design Objectives and Limiting Conditions for Operation To
Meet the Criterion ‘As Low As Is Reasonably Achievable’ for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluents.” In adopting design criteria for limiting routine
effluent releases from power plants, the Commission advanced the use of a cost-benefit test
(NRC, 1975a):

Such a cost-benefit analysis requires that both the costs and the benefits from
the reduction in dose levels to the population be expressed in commensurate
units, and it seems sound that these units be units of money. Accordingly, to
accomplish the cost-benefit balancing, it is necessary that the worth of a
decrease of a person-rem be assigned monetary values.

The Commission stated that “the record, in our view, does not provide an adequate basis to
choose a specific dollar value for the worth of decreasing the population dose by a man-rem”
(NRC, 1975a). Published studies that were mentioned in the rulemaking record gave values
ranging from $10 to $980 per person-rem. The Commission concluded that “there is no
consensus in this record or otherwise regarding the proper value for the worth of a man-rem,”
and that “we also recognize that selection of such values is difficult since it involves, in addition
to actuarial considerations that are commonly reduced to financial terms, aesthetic, moral, and
human values that are difficult to quantify” (NRC, 1975a). The final outcome was a Commission
decision to adopt as an interim measure, the value of $1,000 per person-rem for cost-benefit
evaluations (NRC, 1975a).

Two executive orders (EOs) issued by President Gerald R. Ford, Jr. (EOs 11821 and 11949)
encouraged Federal agencies to perform value-impact (now called cost-benefit) evaluations of
proposed regulatory requirements to demonstrate adequate justification for new requirements.
The NRC adopted this type of evaluation and issued SECY-77-388A, “Value-Impact Analysis
Guidelines,” in December 1977 (NRC, 1977). This document referred to the techniques and
detailed consequence analyses used in WASH-1400, “Reactor Safety Study: An Assessment of
Accident Risks in U.S. Commercial Nuclear Power Plants,” and recommended that the
person-rem averted from proposed changes be multiplied by $1,000 per person-rem to place
the benefit in the same units as the costs (NRC, 1975b).

In 1977, Congress added Section 210 to the Energy Reorganization Act of 1974, directing the
NRC to develop a plan for the identification and analysis of unresolved safety issues relating to
nuclear reactors. In response, the NRC developed a program for the prioritization and
resolution of unresolved safety issues and generic issues. In 1982, the NRC issued guidance
relating to the assignment of priorities with the publication of NUREG-0933, “A Prioritization of
Generic Safety Issues” (NRC, 1982b). In NUREG-0933, the $1,000 per person-rem value was
used in setting the priority of unresolved safety issues and generic issues. Issues identified as
high priority were then subject to resolution employing a more detailed cost-benefit analysis that
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also applied the $1,000 per person-rem value. In both contexts, the $1,000 per person-rem
value has been the figure of merit and one of the factors in the respective assessments.

In February 1981, President Ronald W. Reagan issued EO 12291, which directed executive
agencies to prepare a regulatory impact analysis for all major rules and stated that regulatory
actions should be based on adequate information concerning the need for and consequences of
any proposed actions. Moreover, EO 12291 directed that actions were not to be undertaken
unless they resulted in a net positive benefit to society. As an independent agency, the NRC
was not required to comply with EO 12291. The Commission, however, noted that its
established regulatory review procedures included an evaluation of proposed and existing rules
in a manner consistent with the regulatory impact analysis provisions of EO 12291. The
Commission determined that clarifying and formalizing the existing NRC cost-benefit procedures
for the analysis of regulatory actions would advance the purposes of regulatory decisionmaking.
EO 12291 was later superseded by EO 12866 in October 1993, which did not affect
NUREG-1530.

The NRC published NUREG/BR-0058, Revision 0, “Regulatory Analysis Guidelines of the U.S.
Nuclear Regulatory Commission,” in January 1983 and published Revision 1 in May 1984
(NRC, 1983a and 1984, respectively). The NRC then published NUREG/CR-3568, “A
Handbook for Value-Impact Assessment” in December 1983 (NRC, 1983b). These documents
were issued to formalize the NRC'’s policies and procedures for analyzing the costs and benefits
of proposed regulatory actions. These initial revisions of NUREG/BR-0058 did not mention the
$1,000 per person-rem figure; however, NUREG/CR-3568 recommended that the analyst use a
range of values, one of which should be the $1,000 per person-rem value. As
NUREG/CR-3568 provides the implementation guidance for performing regulatory analyses, it
became standard practice of the NRC staff to apply this guidance whenever a quantitative
regulatory analysis or cost-benefit analysis was performed.

In May 1983, the NRC issued an interim policy statement on “Safety Goals for Nuclear Power
Plant Operation” for use during a 2-year trial period (NRC, 1983c). In this policy statement, the
Commission adopted qualitative and quantitative design goals for limiting individual and societal
risks from severe accidents. Also in this policy statement, the Commission stated that the
benefit of an incremental reduction of societal mortality risks should be compared with the
associated costs on the basis of $1,000 per person-rem averted as one consideration in
decisions on safety improvements. The value proposed was in 1983 dollars and was to be
modified to reflect general inflation in the future. At the end of the 2-year interim period, a
number of comments were received on this value. These comments proposed values ranging
from $100 per person-rem to values exceeding $1,000 per person-rem. Respondents who
believed the $1,000 value was too low did not provide another number, but merely indicated that
the value should be raised. As a result, the $1,000 per person-rem value was deleted in the
final policy statement, “Safety Goals for the Operations of Nuclear Power Plants,” when
published in August 1986 (NRC, 1986).

In 1985, the staff revisited the $1,000 per person-rem valuation and its use in regulatory
analyses of nuclear power plant improvements designed to enhance safety. Although the
monetary value of averted person-rem of radiation exposure up to that time referred only to
averted health effects (such as averted latent cancer fatalities), the use of $1,000 per
person-rem was evaluated and defined at that time as a surrogate for all averted offsite losses,
such as health and property. The basis for this determination is in an October 1985
memorandum from the NRC Executive Director for Operations to the Commissioners

(NRC, 1985a).



An example of the use of value-impact analysis occurred in February 1982, as part of the Three
Mile Island Action Plan. The Commission promulgated 10 CFR 50.34(f)(1)(i), which requires
certain nuclear power plant reactor license applicants to prepare a plant-specific probabilistic
risk assessment (PRA) to identify significant and practical improvements in the reliability of core
and containment heat removal systems that do not impact excessively on the plant

(NRC, 1982a). As a result of this rule, cost-benefit analyses were prepared in 1985 for the

U.S. Advanced Boiling Water Reactor design and reported in the General Electric Standard
Safety Analysis Report (NRC, 1985b). These cost-benefit analyses analyzed 80 design-specific
enhancements using $1,000 per person-rem. PRAs are now widely used for existing operating
nuclear power plant licensing actions and are required for new reactor designs and licenses
issued under 10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear Power
Plants.”

In a February 1989 decision, the U.S. Third Circuit Court of Appeals directed the NRC to
consider severe accident mitigation design alternatives (SAMDAs) as part of the NRC'’s
environmental review process under the National Environmental Policy Act (NEPA) before
granting reactor operating licenses to owners of nuclear power plants (Limerick Ecology, 1989).
The staff subsequently evaluated SAMDA analyses for Limerick, Comanche Peak, and Watts
Bar nuclear power plants before issuing operating licenses (NRC, 1996a). The economic
consequences of severe accidents and the need for SAMDAs were evaluated for the “Generic
Environmental Impact Statement for License Renewal of Nuclear Plants,” originally issued in
1996 (NRC, 1996b). In each of these instances, the staff used the $1,000 per person-rem value
as a screen to compare costs and benefits.

In October 1993, President William J. Clinton issued EO 12866 requiring all executive branch
agencies to perform regulatory analyses for all significant rules. A significant (or major) rule is
defined by EO 12866 as:

... any regulatory action that is likely to result in a rule that may: (1) have an annual
effect on the economy of $100 million 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 communities; (2) create a serious
inconsistency with an action taken or planned by another agency; (3) materially alter the
budgetary impact of entitlements, grants, user fees, or loan programs or the rights and
obligations of the recipients thereof; or (4) raise novel legal or policy issues arising out of
legal mandates, the President’s priorities, or the principles set forth in this Executive
order.

The NRC, as an independent agency, is not required to comply with EO 12866. However,
Revision 1 to NUREG/BR-0058 already reflected the intent of the EO, in part because of the
Commission’s previously expressed desire to meet the spirit of EOs related to regulatory reform
and decisionmaking. Revision 2 to NUREG/BR-0058 reflected the experience accumulated by
the NRC in implementing Revision 1 to NUREG/BR-0058 and changes to the NRC’s regulations
since 1984 (NRC, 1995b).

In 1995, the NRC revisited the $1,000 per person-rem value and issued NUREG-1530 (NRC,
1995a). This report updated the dollar per person-rem conversion factor to $2,000 per person-
rem. The $2,000 per person-rem conversion factor served only as a dollar proxy for the health
effects associated with a person-rem of dose. Offsite property damage costs were no longer
included within the $2,000 per person-rem value. Separate estimates of the offsite costs
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became necessary to account for impacts beyond human health impacts. The dollar per
person-rem estimate was derived from the value of a statistical life (VSL) (estimated at $3
million in 1995) multiplied by the risk coefficient for stochastic health effects (7.3x10 per
person-rem) rounded to the nearest thousand. The VSL amount was derived using a
willingness-to-pay (WTP) method that reflected median values estimated in many studies. As
discussed in the 1995 NUREG-1530, assuming a market for “buying” safety, WTP would yield
the price the average consumer would pay to reduce the probability of death or what they would
accept to have that probability increased. This process was similar to the approaches used by
other Federal agencies responsible for public health and safety (NRC, 1995a). The risk
coefficient for stochastic health effects was derived from the International Commission on
Radiological Protection (ICRP) Publication No. 60 (ICRP, 1991). This risk coefficient uses a
nominal coefficient that includes both mortality (e.g., fatal cancers) and morbidity (e.g., non-fatal
cancers and severe heritable effects).

In January 1997, the NRC issued NUREG/BR-0184, “Regulatory Analysis Technical Evaluation
Handbook” (NRC, 1997). In NUREG/BR-0184, the NRC expanded upon policy concepts
included in NUREG/BR-0058 and provided data and methods to support regulatory analyses.
NUREG/BR-0184 instructed the staff to use the $2,000 per person-rem value to convert
person-rem exposure to a monetary value. This value is then discounted for the purpose of
calculating net benefits (NRC, 1997).

In July 2000, the NRC issued Revision 3 to NUREG/BR-0058 (NRC, 2000), which addressed
the NRC’s policy concerning the treatment of industry initiatives in regulatory analyses. In
September 2004, the NRC issued Revision 4 to NUREG/BR-0058 (NRC, 2004). Revision 4 to
NUREG/BR-0058 reflects guidance provided in the Office of Management and Budget’s
(OMB’s) Circular A-4 on regulatory analysis, published in September 2003 (OMB, 2003).

In 2009, the staff began conducting research and outreach to Federal agencies on their process
for implementing VSL. As discussed in SECY-12-0110, “Consideration of Economic
Consequences within the U.S. Nuclear Regulatory Commission’s Regulatory Framework,” the
staff recommended updating numerous guidance documents, including the 1995 NUREG-1530
(NRC, 2012a). In the staff requirements memorandum for SECY-12-0110, the Commission
approved the staff's recommendations (NRC, 2013a) to update the dollar per person-rem
conversion factor and establish a method for keeping this factor current. During this
reassessment of the dollar per person-rem value, the staff used the $2,000 per person-rem
value from the 1995 NUREG-1530 without a base year for the dollar per person-rem conversion
factor or a provision for indexing. On a case-by-case basis, the staff used other dollar per
person-rem values to understand the sensitivity of this parameter on cost and benefit estimates.
For example, the staff used $2,000 and $4,000 per person-rem values in the regulatory
analyses performed for COMSECY-13-0030, “Regulatory Analysis for Japan Lessons-Learned
Tier 3 Issue on Expedited Transfer of Spent Fuel” (NRC, 2013b).



3 REGULATORY APPLICATIONS

The U.S. Nuclear Regulatory Commission (NRC) applies the dollar per person-rem conversion
factor in a variety of regulatory applications that require the determination of the monetary
valuation of the consequences associated with radiological exposures. This includes the
evaluation of routine effluent releases from nuclear power plants, accidental releases, and
radiation protection practices, as well as regulatory analyses, backfit analyses, and
environmental analyses. Details of each of these regulatory applications are addressed below.

3.1 Routine Liguid and Gaseous Effluent Releases from Nuclear Power Plants

The dollar per person-rem conversion factor value appears in the NRC’s regulations only in
Title 10 of the Code of Federal Regulations (10 CFR), Part 50, “Domestic Licensing of
Production and Utilization Facilities,” Appendix I, “Numerical Guides for Design Objectives and
Limiting Conditions for Operation To Meet the Criterion ‘As Low as Is Reasonably Achievable’
[ALARA] for Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents”
(Section II, Paragraph D), in a paragraph related to items to be included in a license applicant’s
radioactive waste system. That regulation states, in part:

As an interim measure and until establishment and adoption of better values (or
other appropriate criteria), the values $1,000 per total body man-rem and
$1,000 per man-thyroid-rem (or such lesser values as may be demonstrated to
be suitable in a particular case) shall be used in this cost-benefit analysis.

The terminology for population dose was changed in the 1980’s from “man-rem” to “person-rem”
to be more in line with societal expectations. The conversion factor cited in this regulation has
not been updated since the rule was promulgated in 1975 (NRC, 1975a). The NRC staff and
licensees are required use this conversion factor of $1,000 per total body person-rem and
$1,000 per person-thyroid-rem in applying for design approvals for radioactive waste systems,
and not the values discussed in this report and in NUREG/BR-0058.

In designing radioactive waste processing systems, licensees and applicants are not required to
install additional effluent controls to reduce routine effluent releases below 3 millirem per year
for liquid effluents and 5 millirem per year for gaseous effluents, if the cost of the resultant
reduction in the population exposure within 50 miles of the reactor is greater than $1,000 per
total body person-rem and $1,000 per person-thyroid-rem (NRC, 1975a). In considering the
installation of additional radioactive waste processing equipment, licensees and applicants must
include all items of reasonably demonstrated technology that can affect reductions in population
doses.

3.2 Accidental Releases

The dollar per person-rem conversion factor value is used frequently when accidental
radiological releases are a consideration. Accidental releases are factored into safety
enhancement considerations. When calculating accident-related attributes, the NRC staff draws
from risk and reliability assessments or statistically-based analyses (NRC, 1997). As further
discussed in the Regulatory Analyses and Backfit Analyses sections below, the NRC staff
calculates the incremental change in public risk that would result from the proposed regulatory
action and converts it to a dollar per person-rem value using discounted factors.



3.3 10 CFR Part 20 ALARA Program

As required by 10 CFR 20.1101(b), licensees should make every reasonable effort to keep
radiation exposures and releases of radioactive materials ALARA. This regulation applies to all
the NRC licensees and is concerned with the release of radioactive material and associated
occupational and public dose incurred as a result of normal licensee activities.

ALARA, as defined at 10 CFR 20.1003, “Definitions,” means making every reasonable effort to
maintain radiation exposure as far below the dose limits set forth in 10 CFR Part 20, “Standards
for Protection against Radiation,” as is practical, taking into account the current state of
technology, the economics of improvements in relation to benefits to the public health and
safety, and other societal and socioeconomic considerations, and the utilization of nuclear
energy in the public interest. Given this definition, it would appear that a dollar per person-rem
value should be an important factor in cost-benefit tradeoffs used in establishing
reasonableness under the ALARA program. In this regard, the NRC is aware that current
industry practice, particularly within power reactors, is to voluntarily value an averted person-
rem at a higher dollar value owing to manpower constraints and other labor cost considerations
that are integral to licensees’ cost-benefit tradeoffs.

Regulatory Guide (RG) 8.37, “ALARA Levels for Effluents from Materials Facilities,” advises
materials licensees that they should consider engineering options to achieve ALARA goals in
the release of effluents and that modifications should be implemented unless an analysis
indicates that a substantial reduction in collective dose would not result or the costs are
considered unreasonable. One basis for reasonableness identified in this regulatory guide is a
quantitative cost-benefit analysis, which requires the use of a dollar value per unit dose averted.
RG 8.37 recommends the use of $1,000 per person-rem, and acknowledges that a wide range
of values could be justified (NRC, 1993).

3.4 Requlatory Analyses

The NRC staff guidance for preparing regulatory analyses is discussed in Revision 4 to
NUREG/BR-0058. When preparing regulatory analyses, Revision 4 to NUREG/BR-0058
instructs the NRC staff to use a conversion factor that can place all values and impacts
(i.e., benefits and costs) on a common basis (NRC, 2004).

Revision 4 to NUREG/BR-0058 discusses the policy concepts for regulatory analysis and
instructs the NRC staff to use the dollar per person-rem conversion factor to calculate a
common monetary value of radiation exposure. This value captures the health effects
attributable to radiological exposure and does not capture other consequences, such as
non-health impacts and offsite property damage (NRC, 2004).

In NUREG/BR-0184, the NRC expanded upon policy concepts included in NUREG/BR-0058
and provided data and methods to support regulatory analyses. NUREG/BR-0184 instructed
the NRC staff to use the $2,000 per person-rem value to convert person-rem exposure to a
monetary value. This value is then discounted for the purpose of calculating net benefits (NRC,
1997).

As of the date of publication of this report, NUREG/BR-0058 is being updated and restructured
to discuss the NRC’s regulatory analyses and National Environmental Policy Act (NEPA)



analyses. Information contained in NUREG/BR-0184 will be incorporated into NUREG/BR-
0058. NUREG/BR-0058 will also be updated to reflect the policy described in this report.

3.5 Backfit Analyses

Backfitting is defined by paragraph (a)(1) of 10 CFR 50.109, “Backfitting,” as:

the modification of, or addition to, systems, structures, components, or design of
a facility; or the design approval or manufacturing license for a facility; or the
procedures or organization required to design, construct or operate a facility; any
of which may result from a new or amended provision in the Commission’s
regulations or the imposition of a regulatory staff position interpreting the
Commission’s regulations that is either new or different from a previously
applicable staff position.

Except as required under 10 CFR 50.109(a)(4), the NRC regulations require backfitting only
when it determines that there is a cost-justified substantial safety or security enhancement. The
decision criterion in a backfit analysis is whether the proposed backfit is a “substantial increase”
in protection to public health and safety or common defense and security and that the costs are
justified by the benefit (NRC, 1990).

Concepts relating to backfitting are discussed in NUREG-1409, “Backfitting Guidelines” (NRC,
1990). Analogous backfitting provisions applicable to nuclear power licenses and regulatory
approvals, differing in some regards from those in 10 CFR 50.109 are set forth in 10 CFR Part
52, “Licenses, Certifications, and Approvals for Nuclear Power Plants,” including provisions on
issue finality. Issue finality is defined in 10 CFR 52.39, “Finality of Early Site Permit
Determinations;” 10 CFR 52.63, “Finality of Standard Design Certifications;” 10 CFR 52.98,
“Finality of Combined Licenses; Information Requests;” 10 CFR 52.145, “Finality of Standard
Design Approvals; Information Requests;” and 10 CFR 52.171, “Finality of Manufacturing
Licenses; Information Requests,” as a provision that the Commission may not modify, rescind,
or impose new requirements unless acceptable criteria is met. Moreover, 10 CFR Part 52
defines requirements, under Section VIl for each certified design appended in the regulations,
for making changes and departures to a specific design. Backfit provisions applicable to
material licenses and regulatory approvals, are defined in 10 CFR 70.76, 10 CFR 72.62, and 10
CFR 76.76, all titled “Backfitting.”

Discussion on how to perform a backfit analysis can be found in NUREG/BR-0184 (NRC, 1997).
To impose a backfit, the NRC staff must demonstrate that there is a substantial increase in the
overall protection of the public health and safety or the common defense and security derived
from the backfit and that the direct and indirect costs of implementation for the subject facility
are justified in view of this increase in protection. In order to quantify the benefit of averted
dose, the dollar per person-rem conversion factor is used. The NRC staff is integrating
NUREG/BR-0184 into NUREG/BR-0058, which is under development as of the date of
publication of this report.

3.6 Environmental Analyses

The NEPA requires Federal agencies to prepare a “detailed statement for major Federal actions
significantly affecting the quality of the human environment.” The identification,
characterization, and analysis of both monetized costs and benefits (e.g., those measured in
dollars) and qualitative costs and benefits (e.g., functional or non-monetized) are essential for
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the evaluation and selection of the preferred alternative. Unless exempted in 10 CFR 51.71,
“Draft environmental impact statement—contents,” or 10 CFR 51.75, “Draft environmental
impact statement—construction permit, early site permit, or combined license,” the NEPA
requires NRC staff to include an analysis that considers “the economic, technical, and other
benefits and costs of the proposed action and alternatives” in an environmental impact
statement (EIS). In addition, current NRC policy developed after the Limerick decision

(869 F.2d 719, 1989) requires consideration of alternatives to mitigate the consequences of
severe accidents in an EIS prepared at the operating license stage.

The NRC staff reviews and evaluates severe accident mitigation alternatives (SAMAs) to ensure
that changes that could improve severe accident safety performance are identified and
evaluated. Severe accidents are those that could result in substantial damage to the reactor
core, whether or not there are serious offsite consequences. Potential improvements could
include hardware modifications, changes to procedures, and changes to the training program
(NRC, 2006). A SAMA analysis is included as part of the environmental review conducted for
license renewal if a site-specific SAMA analysis had not been previously performed. For new
reactors, a severe accident mitigation design alternative (SAMDA) analysis, which is a subset of
the SAMA analysis, is also included as part of the environmental review for construction
permits, design certifications, and combined licenses.

Section 7.3 of NUREG-1555, “Standard Review Plans for Environmental Reviews for Nuclear
Power Plants” (NRC, 2007), for new reactors; and Section 5.2 to NUREG-1555, Supplement 1,
Revision 1 (NRC, 2013c), for license renewal, provide guidance on the analysis and
assessment of SAMAs. The guidance instructs the NRC staff on how to evaluate the estimated
cost, risk reduction, and dollar benefits for SAMAs and the assumptions used to make these
estimates. The cost-benefit comparison is further evaluated to determine if it is consistent with
the cost-benefit balance criteria and methodology given in NUREG/BR-0184 (NRC 1997) and
Revision 4 to NUREG/BR-0058 (NRC 2004). In addition, during license renewal reviews, any
SAMA with estimated implementation costs within a factor of 2 to 5 of the estimated dollar
benefits is further analyzed to ensure that a sufficient margin is present to account for
uncertainties in assumptions used to determine the cost and benefit estimates (NRC, 2013c).
To evaluate each cost-benefit criterion, the NRC staff uses the NRC’s current dollar per person-
rem averted amount for health effects.

The NRC regulation, 10 CFR 51.71(d), requires the NRC staff to include an analysis that
considers the economic, technical, and other benefits and costs of the proposed licensing action
and alternatives in an EIS. However, supplemental EISs prepared at the license renewal stage
are not required to discuss the economic or technical benefits and costs of either the proposed
action or alternatives unless benefits and costs are either essential for a determination
regarding the inclusion of an alternative in the range of alternatives considered or relevant to
mitigation as required by 10 CFR 51.95(c).

Environmental reviews conducted for new reactors use the dollar per person-rem factor in cost-
benefit analyses to obtain the averted costs of postulated accidents (NRC, 2004 and NRC,
2007). The factor is used because the offsite radiological impact upon persons is calculated as
a cost component in the SAMA and SAMDA analyses, which are part of the EIS.

SAMA and SAMDA analyses are not conducted as part of the materials license environmental

review. Sections 5.7 and 6.7, “Cost-Benefit Analysis,” of NUREG-1748, “Environmental Review
Guidance for Licensing Actions Associated with NMSS Programs,” include references to both
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NUREG/BR-0058 and NUREG-1530 for more detailed guidance in determining public health
and safety impact valuations (NRC, 2003).
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4 VALUE OF A STATISTICAL LIFE

The concept of the value of a statistical life (VSL) is used throughout the Federal government to
monetize the health benefits of a safety regulation. The analyses generally begin with a risk
assessment that estimates the change in mortality risks likely to be experienced by the affected
population. These assessments do not predict which individuals might die if the hazard is not
abated; they estimate only the change in mortality risk over a defined period for members of the
affected population. It is important to note that VSL (and therefore the associated dollar per
person-rem conversion factor) corresponds to society’s willingness-to-pay (WTP) for small
reductions in a particular mortality risk. In other words, VSL is not a measurement or valuation
of a human life. The Office of Management and Budget (OMB) Circular A-4, “Regulatory
Analysis,” provides guidance for communicating the concept of VSL in regulatory analyses. The
OMB Circular A-4 states (OMB, 2003):

Some describe the monetized value of small changes in fatality risk as the “value
of statistical life” (VSL) or, less precisely, the “value of a life.” The latter phrase
can be misleading because it suggests erroneously that the monetization
exercise tries to place a “value” on individual lives. You should make clear that
these terms refer to the measurement of willingness to pay for reductions in only
small risks of premature death. They have no application to an identifiable
individual or to very large reductions in individual risks. They do not suggest that
any individual’s life can be expressed in monetary terms. Their sole purpose is
to help describe better the likely benefits of a regulatory action.

Confusion about the term “statistical life” is also widespread. This term refers to
the sum of risk reductions expected in a population. For example, if the annual
risk of death is reduced by one in a million for each of two million people, that is
said to represent two “statistical lives” extended per year (2 million people x
1/1,000,000 = 2). If the annual risk of death is reduced by one in 10 million for
each of 20 million people, that also represents two statistical lives extended.

The following sections provide an overview of different methods and models to calculating VSL
along with a discussion of other Federal agencies’ VSL practices and methodologies.

4.1 Approaches to Calculate VSL

The 1995 NUREG-1530 provides an overview of different methods for calculating VSL. The
methods analyzed were (1) the human capital method, (2) the WTP method, (3) values implied
by government agency expenditures, (4) inferences from values implied by regulatory
requirements imposed by government agencies, and (5) values based on radiation protection
activities in foreign countries. In the 1995 NUREG-1530, the NRC chose the WTP method,
resulting in a VSL of $3 million. According to OMB:

This value is (1) consistent with results from the WTP approach, which is
recommended by OMB and the Administrative Conference of the United States
and is most favored in the literature studied; (2) reflects median values of a
statistical life estimated in many studies; (3) is representative of values used by
other Federal agencies responsible for public health and safety; (4) is in general
agreement with values used for regulatory decisionmaking in other countries;
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(5) is specifically cited by OMB as the “best estimate” for the value of statistical
life using the WTP approach (OMB, 1993).

As discussed in OMB Circular A-4, WTP is the most appropriate measure for comparing
monetized health costs for health and safety risks. The 1995 NUREG-1530 analyzed three
different methods by which WTP can be calculated. The methods analyzed for calculating WTP
are (1) consumer market studies that examine the tradeoffs between risk and benefits that
people make in their consumptive decisions, (2) wage-risk compensation that presumes the
value that workers place on their lives is measurable based on observed wage differentials in
occupations of varying risks, and (3) contingent valuation studies that involve survey techniques
to elicit responses to questions that postulate hypothetical market choices.

In preparing this report, the NRC staff analyzed three different methods for calculating WTP.
Two of the methods (i.e., revealed preference and stated preference) for calculating WTP are
shown in Figure 1 (Breidert et al., 2006), and are addressed in Sections 4.1.1 and 4.1.2. The
third method, meta-analysis, is discussed in Section 4.1.3.

WTP
Measurement
|
| | | |
Revealed Stated
Preference Preference
| |
| | 1 | | 1
. . Indirect
Market Data Experiments Direct Surveys Surveys
| | Laboratory || Expert | | Conjoint
Experiments Judgments Analysis
Field Customer Discrete
Experiments | ] Surveys || Choice
P y Analysis
=1 Auctions
Figure 1 Classification Framework for Methods to Measure Willingness-to-Pay

4.1.1 Revealed Preference Models

As a concept, “revealed preference models” use data obtained from situations where individuals
make market decisions on how they trade changes in wealth for changes in physical risk. This
method includes the use of data drawn from labor markets or consumer markets.

Data from labor markets and occupational risks are analyzed in hedonic (of or relating to utility)
wage studies to estimate the value of life. A hedonic model is one where the independent
variables are related to quality (e.g., the quality of a product that one might buy or the quality of
a job one might take). Hedonic models of wages correspond to the idea that there are
compensating differentials—that workers would get higher wages for jobs that were more
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unpleasant. Similarly, hedonic pricing is a model identifying price factors according to the
premise that price is determined by internal characteristics of the good being sold and external
factors affecting it. This method is based on the concept that the value a worker places on life is
measurable by the level of wages required to accept the occupational risk of a particular
industry and position. Hedonic wage studies are drawn from observable risk levels (i.e., from
occupational fatality statistics) and from published wage statistics. Hedonic wage studies suffer
from bias introduced by three different sources. First, these studies can suffer from
measurement error due to incomplete reporting of the U.S. Bureau of Labor Statistics (BLS)
data, which is the basis for many hedonic wage studies. A second source of bias results from
the researcher failing to control all of the relevant determinants of a worker’'s wage (e.g., omitted
variable bias). Third, hedonic wage studies suffer from what is known as “endogeneity of fatality
risk,” where, for example, the wages for a given job may reflect both the risk of the job and the
productivity of workers. Endogeneity is defined as a correlation between an independent
variable and the error term in a statistical equation. In the discussion above, the worker’s wage
is the dependent variable and productivity is the independent variable. Productivity is
endogenous to risk, which is part of the error term. Increases in risk and productivity would
most likely cause an increase in wages. For example, there is a phenomenon called
“coolheadedness,” where workers in riskier positions who are more alert, and thus more
productive than workers in other jobs, have higher earnings (Viscusi and Aldy, 2003). To the
degree that the riskiness of a job is correlated with productivity and thus with potential earnings,
bias is introduced into the analysis of wage-risk tradeoffs that workers make. Despite these
potential sources of bias, many researchers consider hedonic wage studies as the most
promising source for VSL estimation.

Studies based on consumer markets infer VSL based on consumer market transactions. This
method is based on the concept that the value consumers place on their lives is measurable by
knowing prices paid for goods (e.g., home security systems that may reduce the risk of losses
due to theft). Similarly, analyzing housing transactions in terms of price and location in
proximity to a hazard (e.g., airport) can yield estimates of WTP for increased safety. Consumer
market methods are similar to labor market studies, except that a “hedonic price function” is
estimated instead of a “hedonic wage function.”

A common example of the hedonic pricing method is in the housing market in which the price of
a property is determined by the characteristics of the house (e.g., size, appearance, features,
condition) as well as the characteristics of the surrounding neighborhood (e.g., accessibility to
schools and shopping, level of water quality and air pollution, value of other nearby homes,
vicinity of nearby hazards). The hedonic pricing model is used to estimate the extent to which
each factor affects the price. However, limited research data using this method are available.

Comparisons of results from labor market and consumer market studies have generally found
the VSL estimates to be of the same order of magnitude, but with the values from consumer
market studies being slightly lower. The lower estimates obtained by consumer market studies
is thought to primarily relate to the fact that many decisions consumers make in product markets
are discrete in nature as compared to labor market decisions, which are often continuous. In
the case of a discrete choice, the estimated VSL represents a lower bound estimate of the
actual value (Viscusi and Aldy, 2003). Other characteristics of consumer market studies could
result in the estimated VSL being lower than that for labor market studies. These studies could
introduce possible selection bias inherent in some product markets. In addition, several
consumer market studies are based on inferred, instead of observed, price-risk tradeoffs.

These characteristics introduce uncertainty into the resulting estimates (Viscusi and Aldy, 2003).
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4.1.2 Stated Preference Methods

Stated-preference methods employ public opinion surveys involving hypothetical tradeoffs
between wealth and risk, and are used in situations where actual market data are not available.
A benefit of stated preference methods is their large degree of flexibility, which allows the
researcher to tailor the study to the exact risk of interest (Andersson and Treich, 2011).
However, because stated preference studies are based on hypothetical scenarios, results may
suffer from “hypothetical bias” due to survey respondents lacking an incentive to respond
accurately or being unable to place an accurate value on the scenarios presented to them
(Blumenschein et al., 2008).

Applications of stated preference methods have been found to be particularly problematic in the
valuation of small changes in risk, due to the difficulty that survey respondents have in
conceptualizing what very small changes in risk are actually worth to them (Carson et al., 2001).
These very small changes in risk are most often the kind of changes of interest for benefit
estimation.

4.1.3 Meta-Analysis

A popular approach for WTP estimation for VSL is the use of meta-analysis. Meta-analysis
involves applying statistical methods to a set of study results with the objective of synthesizing
and making full use of the information contained in the studies (Bellavance et al., 2009).
Meta-analyses can use estimates that employ revealed preference or stated preference
measures, although published meta-analyses generally have favored the use of revealed
preference studies due to the problems with stated preference methods as described above.

4.2 VSLs Used by Other Federal Agencies

The NRC staff performed a literature review to benchmark the values other Federal agencies
have used for statistical life. A discussion of each agency’s VSL practices and methodologies is
provided in this section.

4.2.1 U.S. Environmental Protection Agency

The U.S. Environmental Protection Agency (EPA) selected a VSL of $4.8 million (1990 dollars)
adjusted for inflation using the gross domestic product (GDP) deflator for its regulatory analyses
starting in 1999 when the agency updated its “Guidelines for Preparing Economic Analyses”
(EPA, 2000). The EPA derived its value from 26 studies that were compiled as part of the
EPA’s first retrospective analysis of the Clean Air Act (EPA, 1999). The EPA used
meta-analyses to calculate its VSL amount. The EPA selected the set of studies for its VSL
calculation that it deemed to be the most relevant to its policy concerns. The EPA used

21 revealed preference studies using labor market data (i.e., hedonic wage studies), and the
remaining five studies used stated preference methods. The primary reliance on hedonic wage
studies reflects the agency position that revealed preference methods provide the most
accurate and reliable VSL estimates. Despite possible problems with stated preference studies,
the EPA included five of these studies in its VSL estimation because of the quality and policy
relevance of those particular studies (EPA, 1999).

The EPA updates its VSL estimate for inflation. For example, the $4.8 million value
(1990 dollars) was later updated to $7.8 million (2003 dollars). The EPA began work on revising
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and updating its “Guidelines for Preparing Economic Analyses” in 2004 and re-evaluated its
approach to valuing mortality risk reductions as part of Revision 1 taking into account recent
VSL studies and, in particular, new meta-analyses. In 2008, the EPA issued revised
“Guidelines for Preparing Economic Analyses,” which recommended the use of a $7 million
(2006 dollars) VSL for regulatory analysis (EPA, 2008b). In 2010, the EPA issued revised
“Guidelines for Preparing Economic Analyses” and updated its VSL to $7.9 million in 2008
dollars (EPA, 2010). The value was adjusted using the Consumer Price Index (CPI) from the
base year 1990 dollar amount of $4.8 million. The NRC staff estimates that the EPA’s VSL
amount would be $8.7 million in 2014 dollars using CPI to inflate the value.

As of the date of publication of this report, the EPA does not use low and high alternative VSL
values in regulatory analyses (EPA, 2014). Historically, the EPA has determined that a single,
peer-reviewed VSL estimate should be applied. In its response to the 2000 Guidelines for
Preparing Economic Analyses, the EPA’s Science Advisory Board (SAB) preferred the use of a
central point estimate, but recommended the EPA staff to “show the age distribution of lives
saved or the quantity of life at risk” and to perform a sensitivity analysis when policies do not
affect the entire population equally. The SAB indicated that a central point estimate is
reasonable, so long as the EPA staff discusses the limitations of the estimate (EPA, 2000).

The EPA is in the process of updating its VSL estimate. In a 2010 draft white paper on VSL, the
EPA recommended that the agency “update all study estimates to a common year, including the
effect of real income growth over time and the estimates income elasticity of the VSL” (EPA,
2011). The EPA indicated that it would update study estimates using a GDP deflator for
inflation, real income growth factor (e.g., CPI), and an income elasticity factor. In 2011, the SAB
agreed with the EPA staff recommendations to begin crafting guidance that would allow the
EPA staff to use multiple VSL factors because a single value for mortality risk is not appropriate
for all contexts (EPA, 2011c¢). The EPA also recommended that the term “value of a statistical
life” be replaced by “value of risk reduction” because of the misunderstanding of the VSL term,
which the SAB endorsed (EPA, 2011c).

4.2.2 U.S. Department of Transportation

The U.S. Department of Transportation (DOT) has established and revised guidance on

VSL benchmarks. In 1993, the DOT established a VSL of $2.5 million and directed that periodic
adjustments be made for inflation using the GDP implicit price deflator. The principal empirical
basis for the $2.5 million VSL was a literature survey that yielded a likely VSL of $2.2 million
(1988 dollars). By 2002, the DOT adjusted the value to $3 million (2001 dollars). Subsequently,
the DOT determined that recent literature and a comparison with the practices of other Federal
agencies demonstrated that the $3 million value was outdated. Based on “improved
understanding of the academic research literature,” the DOT determined that the best estimate
of VSL was $5.8 million (2007 dollars), which is the mean value of five studies (including three
meta-analyses) adjusted to 2007 dollars by the CPI for All Urban Consumers (CPI-U)
(Trottenberg and Rivkin, 2015). CPI-U measures the CPI value for urban consumers, which
constitute the majority of the U.S. population.

In 2014, the DOT updated its guidance to have its VSL set at $9.2 million in 2013 dollars (DOT,
2014). This amount was an average based on nine meta-analyses that provided a broad cross-
section of the U.S. population. The DOT focused on different categories of people. Examples
include males versus females, older workers vs. younger workers, smokers vs. non-smokers,
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etc. In the guidance, the DOT establishes a formula for future VSL amounts (DOT, 2014). The
formula is:

VSLy013+4n = VSLjgq3 X 1.0118N

The formula is similar to the recommendations from the EPA draft white paper. However, the
DOT guidance looked at the next 30 years of forecasted real median wage growth rate and
estimated it at 1.0118 percent a year. Each of these values is updated annually. VSL2g13+n
stands for the VSL value N years after 2013 and VSLyo13 is the VSL value in 2013

(i.e., $9.2 million). Using the formula above, the NRC staff estimates that the DOT’s best
estimate VSL in 2014 dollars is approximately $9.3 million. The baseline for the VSL is in 2014
dollars because the most comprehensive set of data available is from 2014.

The DOT also uses high and low alternative VSL values. The DOT’s current values for low and
high alternative VSL values are $5.2 million and $13 million (in 2013 dollars), respectively (DOT,
2014). Using the formula above, the NRC staff estimates the DOT’s low estimate VSL is
approximately $5.3 million and the high estimate is approximately $13.2 million, respectively, in
2014 dollars. Instead of treating alternative VSL values in terms of a probability distribution, the
DOT guidance instructs analysts to use a sensitivity analysis to analyze the effects of using
alternative VSL values (DOT, 2014).

4.2.3 U.S. Department of Homeland Security

In 2008, the U.S. Department of Homeland Security (DHS) issued “Valuing Mortality Risk
Reductions in Homeland Security Regulatory Analysis.” This report recommended a best
estimate VSL of $6.3 million in 2007 dollars (DHS, 2008). The DHS adopted this value, but
reports it in 2008 dollars (OMB, 2014). The report also recommends that the DHS update its
values using CPI-U to measure for inflation (current year CPI-U divided by 1997 CPI-U that is
indexed at 160.5), real income growth factor (median usual weekly earnings current
year/median usual weekly earnings for 1997 indexed at 503), and an income elasticity factor
(DHS, 2008). The VSL base year number is $4.7 million in 1997 dollars and income elasticity is
0.47 (DHS, 2008). The formula is stated below:

VSLcurrentyear = VSLpase year X Inflation X real income growthVSL Income Elasticity

The DHS uses low and high alternative VSL values of $4.9 million and $7.9 million in 2008
dollars (CRS, 2010). The 1997 (base year) values of these low and high VSL estimates are
$3.7 million and $5.9 million. These estimates were derived from a 95-percent confidence
interval from an empirical distribution of VSL estimates in 1997 dollars (DHS, 2008). Using the
DHS formula above, the NRC staff estimates that the DHS’s best estimate would equal $8.6
million and the low and high estimates would be $6.8 million and $10.8 million, respectively, in
2014 dollars.

4.2.4 U.S. Food and Drug Administration

The U.S. Food and Drug Administration (FDA) also periodically issues economically significant
rules that include quantified estimates of mortality risk reductions. The FDA has not developed
formal guidance for estimating its VSL and value of a statistical life year (VSLY) amounts but
cites several literature reviews and meta-analyses as the sources of its estimates. Between
2003 and 2008, the FDA used best estimate VSL values ranging from $5 million to $6.5 million
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in estimating benefits (DOT, 2009). In a 2011 rulemaking, the FDA used $7.9 million as its VSL
in 2010 dollars (FDA, 2011). The NRC staff estimates this value to be approximately
$8.6 million using CPI to inflate the value in 2014 dollars.

The FDA estimated the value of preventing a fatal disease as (1) the sum of the VSL multiplied
by the expected number of averted fatalities, plus (2) the avoided medical costs during iliness
and (3) the value of the reduced ability of the ill person to function at home and at work.
Because of the FDA'’s statutory requirements and mission, the FDA typically analyzes risks that
are age-specific and only uses VSL when ages are unknown. Instead, the FDA uses VSLY to
monetize each additional year of life added on to a single person’s life. In the regulatory
analyses analyzed, the FDA used a range of $100,000 to $532,000 for each VSLY (Duval, 2008
and FDA, 2011).

4.2.5 U.S. Occupational Safety and Health Administration

The U.S. Occupational Safety and Health Administration (OSHA) estimates of VSL vary
depending on whether the OSHA is addressing mortality risks from workplace accidents or from
illnesses. The OSHA has not developed formal guidance on estimating VSL (CRS, 2010). Ina
2001 rule, the OSHA did not assign a monetary value to reductions in mortality risk (OSHA,
2001). In 2006, however, the OSHA used a base VSL of $6.8 million, in 2003 dollars, that was
adjusted for latency, changes in real income, and added the value of averted medical costs in a
similar fashion to the EPA’s approach (OSHA, 2006 and CRS, 2010). In a 2012 rule, the OSHA
used a VSL of $8.7 million in 2010 dollars (OSHA, 2012). The NRC staff estimates that the
OSHA VSL would be $9.0 million in 2014 dollars when using the CPI to inflate this value.

4.2.6 U.S. Office of Management and Budget

In 1996, the OMB described best practices for valuing health and safety risk reduction benefits
(OMB, 1996). The OMB stated that reductions in fatality risks are best monetized using WTP
approaches to VSL; alternatively, reductions in fatality risks can be expressed in terms of the
value of a statistical life-years-extended using VSLY.

Although the OMB found theoretical advantages to using the value of the statistical
life-years-extended, it also concluded that research did not provide a definitive way of
developing appropriate estimates of VSLY. The OMB found drawbacks with options for deriving
the VSLY from VSL. For example, the OMB stated that annualizing the VSL using an
appropriate discount rate and average life years remaining does not provide an independent
estimate of VSLY. Nevertheless, the OMB encouraged agencies to explore use of both metrics
(OMB, 1996).

In 2000, OMB guidelines stated, with respect to VSLY, that:
The adoption of a value for the projected reductions in risk of premature mortality
is the subject of continuing discussion.... A considerable body of academic
literature is available on this subject. The methods used and the resulting
estimates vary substantially across these studies (OMB, 2000).

The OMB approved the use of VSL and VSLY estimates for Federal agency use. Since its draft
report to Congress in 2002, the OMB started using a value of $5 million (the NRC staff
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estimates this value to be $6.7 million in 2014 dollars using CPI to inflate the value) per fatality
averted (i.e., VSL) as a default value when agencies had not supplied any value (OMB, 2002).

In September 2003, the OMB issued Circular A-4 that reported VSL estimates between

$1 million to $10 million per statistical life in 2001 dollars (the NRC staff estimates these values
to be $1.3 million to $13.3 million in 2014 dollars using CPI to inflate the value). The OMB drew
on two journal articles and an analysis prepared by the EPA’s SAB in selecting these values
(Viscusi and Aldy, 2003 and Mrozek and Taylor, 2002). Circular A-4 replaced both the

1996 “best practices” (OMB, 1996) and the 2000 guidance (OMB, 2000).

4.3 VSL Values Based on Radiation Protection Activities in Other Countries

The NRC studies and considers the approaches used by other countries to inform the NRC
decisions on regulatory activities and agency guidance. The discussion in this section provides
information on other countries’ best practices. In addition, the studies authored by Viscusi and
Aldy were used in the NRC’s new VSL calculations. Therefore, it is beneficial to consider how
other countries use these studies.

In the United Kingdom (U.K.), the National Radiological Protection Board approved the
recommendation to set a VSL between $3 million and $4.5 million in 1990 dollars (between
approximately $5.4 million and $8.2 million in 2014 dollars using CPI to inflate this value), using
the WTP approach.

Viscusi and Aldy (2003) analyzed approximately 20 labor market studies, published since 1990,
for both developed and developing countries. They analyzed studies in labor markets in
Australia, Austria, Canada, Japan, the U.K., Hong Kong, India, South Korea, and Taiwan. The
authors noted that VSLs range from U.S. currency values of $200,000 to $69 million in 2000
dollars ($275,000 to approximately $95 million in 2014 dollars using CPI-U to inflate this value)
depending on the risk to workers, the country’s income levels, and the methodologies performed
in the studies analyzed. Viscusi and Aldy note that the higher numbers tend to come from
studies performed in the U.K. The authors noted that they suspected the large numbers come
from risk measures and other unobservable factors plus large worker compensation differences.

Viscusi and Aldy (2003) also noted that Canada has placed a significant focus on hedonic labor
market analyses. They also noted that the Canadian analyses tend to be similar to those
analyzed in the U.S. labor markets as opposed to those in the U.K. labor markets. The majority
of VSLs tend to fall between $3 million and $6 million in 2003 dollars (between $4.1 million and
$9.7 million in 2014 dollars using CPI to inflate the values).

4.4 Representative VSL for NRC Activities

Given the lessons learned from this literature review and outreach, the NRC staff will update its
VSL base year value best estimate to $9.0 million (2014 dollars). Given the extensive
resources spent by other Federal agencies on this topic, specifically the EPA and the DOT, the
NRC staff believe it is prudent to leverage these resources and align its VSL recommendations
with those of its Federal counterparts. This estimate is derived from the average of the DOT’s
VSL ($9.3 million) and the EPA’s VSL ($8.7 million) in 2014 dollars.

In order to align with practices of other Federal agencies, the NRC will adopt a low and a high
VSL estimate for use in sensitivity analyses. Each Federal agency identified in this report has
adopted VSL estimates, in 2014 dollars, based on that agency’s mission and within its own
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processes. The staff recognizes that if it performed similar research as other Federal agencies,
the staff’s estimates would be roughly similar. Therefore, the staff will adopt the a low and high
VSL values (in 2014 dollars) that envelop the DHS values and are bounded by the OMB values
as shown in Table 1 for use in sensitivity analyses as discussed further in Section 6.

Table 1 Low and High VSL Values in 2014 Dollars

Agency Low High
DOT $5.3 million | $13.2 million
DHS $6.8 million | $10.8 million
OMB $1.3 million | $13.3 million

As discussed above, the DOT and the DHS low and high estimates are inflated using those
agencies’ formulas for keeping their VSL estimates up to date. The OMB does not have a
systematic method of updating their formula, and therefore, the NRC staff inflated the OMB’s
values using the CPI.
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5 EPA’S CANCER MORTALITY RISK COEFFICIENT

Once an appropriate value of a statistical life (VSL) has been estimated, the parameter needed
to convert that value to a dollar per person-rem figure is the cancer mortality risk coefficient,
which establishes the probability for cancer mortality attributable to radiological exposure.

The U.S. Nuclear Regulatory Commission’s (NRC) dollar per person-rem conversion factor in
the 1995 NUREG-1530 is based on the recommendations in International Commission on
Radiological Protection (ICRP) Publication Number 60 (ICRP, 1991). In general, for doses to
the population, the ICRP recommendation is a nominal risk coefficient value of 7.3 x 10 per
rem. This coefficient accounts for the probability of occurrence of a harmful health effect and a
judgment of the severity of the effect. The coefficient includes allowances for fatal and nonfatal
cancers and for severe hereditary effects. The nonfatal cancers and hereditary effects are
translated into loss-of-life measures based on a perceived relationship between quality of life
and loss of life.

In the ICRP recommendation in Publication Number 103 (ICRP, 2007), the ICRP total risk
coefficient decreased by about 20 percent, from 7.3 x 10 per rem in 1991 to 5.7 x 10 per rem
in 2007. The ICRP states that this change is due primarily to improved methods in the
calculation of heritable risks and significant advances in understanding of the mutational
process. Also, the ICRP calculated its values differently in ICRP 103 than ICRP 60. In

ICRP 60, nominal cancer risks were computed based on fatal cancer risk weighted for nonfatal
cancer, relative life lost for fatal cancer, and life impairment for nonfatal cancer. However, in
ICRP 103, risk estimates are based principally on cancer incidence data weighted for lethality
and life impairment. The reason for the change is that cancer incidence data provide a more
complete description of the cancer burden than do mortality data, particularly for cancers that
have a high survival rate. The ICRP 103 provides the following information:

It is important to note that the detriment-adjusted nominal risk coefficient for
cancer estimated here has been computed in a different manner from that of
Publication 60. The present estimate is based upon
lethality/life-impairment-weighted data on cancer incidence with adjustment for
relative life lost, whereas in publication 60 detriment was based upon fatal cancer
risk weighted for non-fatal cancer, relative life lost for fatal cancers and life
impairment for non-fatal cancer. In this respect it is also notable that the
detriment-unadjusted nominal risk coefficient for fatal cancer in the whole
population that may be projected from the cancer incidence-based data of

Table A.4.1a is around 4% per Sv [per 100 rem] as compared with the
Publication 60 value of 5% per Sv [per 100 rem]. The corresponding value using
cancer mortality-based models is essentially unchanged at around 5% per Sv
[per 100 rem] (ICRP, 2007).

As such, the ICRP coefficients are based on global averages of background cancer risk that
include the United States, but are not specific to a U.S. population. In addition, the non-mortality
effects are not monetized in the VSL portion of the calculation. To address these issues, the
NRC staff selected the EPA’s cancer mortality risk coefficient of 5.8 x 10 per rem (90 percent
confidence interval: 2.8 x 104 to 1.0 x 10-). This value was published in EPA 402-R-11-001,
“‘EPA Radiogenic Cancer Risk Models and Projections for the U.S. Population” (EPA, 2011b).
The EPA’s value aligns the coefficient with the underlying definition of WTP used in the VSL
value that only addresses mortality. NUREG/BR-0058 is being revised as of the date of
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publication of this document and will address the calculation of radiation-induced morbidity and
heredity effects. The value is slightly greater than the ICRP nominal risk coefficient due, in part,
to the differences of the underlying background cancer risks in the United States for the EPA’s
coefficient versus the global averaging of the risks for the ICRP coefficient. The EPA developed
a dose and dose-rate effectiveness factor (DDREF) of 1.5 for low-dose and dose rate exposure
scenarios. The DDREF should be removed from the risk coefficient to account for higher dose
or dose-rate exposure scenarios when the total accumulated effect is not in the acute health
effects range (see Appendix A).

Table 2 presents a comparison of the EPA 2011 cancer mortality risk coefficient to the ICRP
total detriment coefficients.

Table 2 Comparison of the EPA 2011 Cancer Mortality Risk Coefficient with ICRP
Publications No. 103 and No. 60 Total Detriment Coefficients

Coefficient (10 person-rem)

EPA 2011 ICRP 103 (2007) ICRP 60 (1991)

5.8 5.7 7.3
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6 DOLLAR PER PERSON-REM CONVERSION FACTOR

The dollar per person-rem conversion factor for health effects is calculated as the product of the
value of a statistical life (VSL) and the cancer mortality risk coefficient. Based on the

U.S. Nuclear Regulatory Commission’s (NRC) preceding recommendations concerning VSL
($9.0 million) in Section 4.4 of this NUREG and the use of the U.S. Environmental Protection
Agency (EPA) cancer mortality risk coefficient (5.8 x 10 per rem), the dollar conversion factor
would be equal to $5,200 in per person-rem 2014 dollars. For sensitivity analyses, a low dollar
per person-rem value of $2,600 and a high dollar per person-rem value of $7,800 will be
adopted. See Appendix A of this report for a discussion on adjusting the cancer mortality risk
coefficient, and hence the dollar per person-rem conversion factor, for high rate exposure
scenarios.

Therefore, the NRC will adopt the above dollar per person-rem estimates to be used for routine
effluent releases, accidental releases, radiation protection programs required by Title 10 of the
Code of Federal Regulations (10 CFR), Part 20, “Standards for Protection against Radiation,”
regulatory analyses, backfit analyses, and environmental analyses. Pertaining to occupational
exposures, the NRC staff acknowledges that, for determinations of levels of radiation that are as
low as is reasonably achievable (ALARA) per 10 CFR Part 20, many licensees may employ
conversion factors in excess of $5,200 per person-rem. This is particularly true in non-design
ALARA determinations where licensees consider tradeoffs between occupational dose and
alternative technologies and procedures (e.g., use of additional shielding, remote or robotic
tools for a given plant maintenance evolution). These higher values are typically influenced by
utility-specific manpower constraints and other labor cost considerations in employing workers
with unique skill sets. These are valid utility considerations in evaluating occupational
exposures, and licensees are expected to continue to use these higher conversion factors.
Further, such estimates are not necessarily inconsistent with the NRC’s estimates that only
capture health effects, as other impacts such as labor cost considerations can be treated as
additive elements in the NRC’s cost-benefit analysis.

The NRC acknowledges that there may be unique circumstances where other dollar conversion
factors may warrant consideration. For example, doses to a population whose age distribution
is not representative of the general population could be subject to a different risk coefficient
because health risks are directly related to the age distribution of the affected population.
Further, recognizing the uncertainties inherent in establishing a representative conversion
factor, alternative values to capture the uncertainties may be warranted. Therefore, it would be
reasonable to expect an analyst to include alternative valuations in regulatory analyses in order
to show the decisionmaker the sensitivities of the proposed action to relevant considerations.
However, the base case computations in a regulatory analysis will use the recommended best
estimate dollar conversion factor of $5,200 per person-rem, and apply the low and high
estimates in illustrating sensitivity and uncertainty in the range and direction of the impacts.

The dollar per person-rem conversion factor is for stochastic effects only and is not to be
applied to deterministic health effects. Deterministic health effects in humans can result from
general or localized tissue irradiation, killing cells in a manner that causes severe and clinically
detectable impairment of function in a tissue or organ. It should also not be applied to any
individual dose that could result in an early fatality. These omissions are consistent with the
NRC’s view that the monetizing of mortality effects, as it relates to the value of any single
individual’s life, is not appropriate. Rather, its use is as an estimate of the value of small
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reductions in the probability of total detriment for a given population. From a practical
perspective, the NRC believes that regulatory issues involving deterministic effects and/or early
fatalities would be very rare and can be addressed on a case-specific basis, as the need arises.

Consistent with best practice, the NRC staff provides a range of dollar per person-rem
conversion factors for use in sensitivity analyses. These analyses are performed to evaluate
the impact on cost-benefit analysis results of using plausible alternative values for this
conversion factor. For this purpose, the NRC staff recommends varying the dollar per person-
rem conversion factor by plus or minus 50 percent. This results in a range of conversion factors
with a low value of $2,600 per person-rem and a high value of $7,800 per person-rem. When
applying an alternative dollar per person-rem value, the analyst must document the reasons and
basis.

These lower and upper bound estimates for the dollar per person-rem conversion factor can be
used in sensitivity analyses to evaluate the impact of variability in the conversion factor that can
arise from two independent sources: (1) use of plausible alternative values for the VSL or (2)
uncertainty about the cancer mortality risk coefficient. Varying the conversion factor by 50
percent in each direction is equivalent to independently varying the VSL estimate or cancer
mortality risk coefficient by 50 percent in each direction for one-way sensitivity analyses. For
the VSL estimate, this is equivalent to using low and high VSL estimates of $4.5 million and $13
million (2014 dollars), respectively, based on a cancer mortality risk coefficient of 5.8 x 10 per
person-rem. This range of VSL values is nearly the same as the low and high VSL estimates
the NRC staff identified from other Federal agency practices of $5.3 million and $13.2 million
(2014 dollars), respectively. For the cancer mortality risk coefficient, this is equivalent to using
low and high risk coefficients of 2.9 x 10 per rem and 8.7 x 10 per rem, respectively. By
comparison, the 90 percent confidence interval for the EPA cancer mortality risk coefficient is
2.8 x 10 per rem and 1.0 x 10 per rem.

The NRC staff has thus determined that using a low value of $2,600 per person-rem and a high
value of $7,800 per person-rem in sensitivity analyses is reasonable for evaluating the impacts
of using plausible alternative values for the VSL estimate or the cancer mortality risk coefficient
(see Table 3).

Table 3 The NRC Dollar per Person-Rem Summary Inputs
Dollar per VSL Sensitivity
Estimate Person-Rem Values
(2014 dollars) (2014 dollars)?
Best $5,200 $9.0 Million
Low $2,600 $4.5 Million
High $7,800 $13 Million

a8  The VSL sensitivity values are calculated by dividing the dollar per person-rem value by
the cancer mortality risk coefficient of 5.8 x 10 per person-rem.

6.1 Number of Significant Figures

Historically, the NRC has rounded the dollar per person-rem conversion factor to the nearest
thousand dollars for the purposes of estimating monetary valuation. Given the large
uncertainties inherent in this approach, annual updates would have little to no impact on this
value between periodic baseline reviews because a change could not be made until there was
the need for a $1,000 step change. To properly account for updated values in the conversion
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factor and enable a more gradual change in the factor over time, the NRC should round this
number to two significant figures. For purposes of illustration, Figure 2 shows the effect of
updating the NRC’s 1995 VSL using the historical consumer price index — for all urban
customers (CPI-U) inflation rate, real income growth factor, and an income elasticity factor and
reporting the results to one and two significant figures. The choice to express the conversion
factor to two significant figures is needed to properly account for updated values. Additionally,
input parameters used by other Federal agencies to calculate dollar per person-rem estimates
are known to at least two significant figures, which allows for the rounding change. CPI-U to
measure for inflation (current year CPI-U divided by 1997 CPI-U that is indexed at 160.5), real
income growth factor (median usual weekly earnings current year divided by median usual
weekly earnings for 1997 indexed at 503), and an income elasticity factor (DHS, 2008).
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Figure 2 Difference between Rounding to One and Two Significant Figures
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7 METHODOLOGY FOR MAINTAINING CONVERSION FACTORS

The U.S. Nuclear Regulary Commission (NRC) staff uses the formulas and procedures provided
below to keep the dollar per person-rem conversion factor up-to-date. An example of the NRC'’s
methodology to update the dollar per person-rem conversion factor from fiscal year (FY) 2014 to
FY 2016 dollars is also provided below.

7.1 Updating the Dollar per Person-Rem Conversion Factor

The NRC staff uses the following equation to calculate the dollar per person-rem conversion
factor annually. This formula incorporates the methods used by the U.S. Department of
Homeland Security (DHS) (DHS, 2008). For the current year value, the average value for the
most recent full year of data is used.

Dollar per Person — Remcyrrent year = Dollar per Person — Rem yge year X (Inflation) X

i lasticit
(Real Income Growth)'"c°e €*astctty

In updating the dollar per person-rem, the NRC staff will annually calculate changes in inflation
and real income growth using the DHS’s formula for establishing future dollar per person-rem
values (DHS, 2008). The underlying VSL base year and income elasticity will not change
unless there is a structural change to the formula above during re-baselining as discussed in
Section 7.3 of this report.

To calculate inflation, the NRC staff uses the data from the U.S. Bureau of Labor Statistics
(BLS) consumer price index — for all urban customers (CPI-U) table with 2014 as the base year
(BLS, 2014a). To adjust for real income growth, the staff uses the percent change in the BLS’s
median usual weekly earnings (MUWE) values between the base year and the current year
(BLS, 2014c). MUWE measures median weekly earnings of the U.S. full-time wage and salary
workers by surveying a sample of households (approximately 15,000) in all 50 states and the
District of Columbia. Self-employed workers are not included in the survey. Usual weekly
earnings indicate earnings before taxes and other deductions and include overtime pay,
commissions, and tips (BLS, 2014b). When comparing MUWE between years, the BLS
compares the numbers using CPI-U.

The NRC staff will adopt the U.S. Environmental Protection Agency’s (EPA) recommendation of
0.5 as the income elasticity factor (EPA, 2011a), which was reviewed and approved by the
EPA’s Science Advisory Board (SAB) (EPA, 2011c). Income elasticity of demand (eD)
measures the responsiveness of the proportionate change in demand for a good or service (Q)
to the proportionate change in the income of the consumer demanding the good (I). The
formula can be written as:

_0Q I
_ﬁxa

eD
For example, a 5 percent increase in demand for a good and a 10 percent increase in income
over the same time frame, would lead to an income elasticity of demand equal to 0.5. EPA’s
review found a range of income elasticities from 0.08 to 1.0, with a triangular distribution. The
mean was approximately 0.5 (EPA, 2011a). The value is consistent with Viscusi and Aldy
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findings of income elasticity between 0.5 and 0.6 (Viscusi and Aldy, 2003). An example is
provided below.

Example of the NRC’s Methodology in Calculating the Dollar per Person-Rem Conversion
Factor from FY 2014 to FY 2016 Dollars

Step 1: Summarize base year input parameters and specify current year.

. Current year:_2016

. Base year of Dollar per Person-Rem: 2014
o Base year Low Dollar per Person-Rem: $2,600
o Base year Best Dollar per Person-Rem: $5,200
o Base year High Dollar per Person-Rem: _$7,800

J Base year CPI-U: 236.736

° Base year MUWE: 791

o Income Elasticity:' 0.5

Table 4 Sources and Calculations for Factors into VSL
Description Inflition Real Incom_e Growth? Inco_m_e
(2014 = 236.7) (2014 = 791) Elasticity
Source® | o b GUURDUGOSAD | Series Ibr LEUO2S2881500 | EPA2011a
Calculation Cur{/eaqt;(;?;éllr;dex Current Year Index Value/791 0.5

Step 2: Collect current year CPI-U factors. The CPI-U factor is found in Table 24 of the most
recent monthly CPI Detailed Report on the BLS website (BLS, 2014a). CPI-U is reported in
half-year averages. Use the average values for the most recent two half-years of data.

Most Recent Half-Year CPI-U 238.782
Previous Half-Year CPI-U 237.769
Current Year CPI-U (average) 238.2755

Step 3: Calculate the change in inflation rate from base year to current year using the
Consumer Price Index — for all Urban Customers. Based on the recommendations in this
document, the base value is indexed at 236.736.

CPIcurrent year

Inflation rate change (percent) = x 100%

238.2755
236.736

CPIbase year
x 100% = 100.65032%

This value measures the responsiveness of the proportionate change in demand for a good or service to the
proportionate change in the income of the consumer demanding the good. Based on the recommendations in
this guidance, the income elasticity value is 0.5.

2 Value is from BLS, 2014c.
The BLS has significant data sets for different economic variables that are called “Series.” They are identified

using a “set of alpha-numeric characters that identify specific series, which are discrete variables for which data
observations are available over regular time intervals, usually monthly” (BLS, 2014d).
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Step 4: MUWE data is reported quarterly. The MUWE factors are found in the economic news
release (http://www.bls.gov/bls/newsrels.htm). In the usual weekly earnings of wage and salary
workers, go to Table 1, which is the MUWE table. The column that contains the MUWE data for
this calculation is the “Total $” column, in current dollars (BLS, 2014c). Collect the most recent

four quarters of MUWE and calculate the average.

Most recent Quarter MUWE (2Q 2016) 828
First Previous Quarter MUWE (1Q 2016) 823
Second Previous Quarter MUWE (4Q 2015) 820
Third Previous Quarter MUWE (3Q 2015) 811
Current Year MUWE (average) 820.5

Step 5: Calculate the real income growth from base year to current year.

MUWE
Real Income Growth = currentyear 100%
MUWEbase year
_ 8205 _ 103.729%
T 791 TR

Step 6: Calculate the adjusted dollar per person-rem for Low, Best, and High values. The
calculated dollar per person-rem conversion factors are rounded to two significant figures.

Dollar per Person — Remcyrentyear = Dollar per Person — Rem pase year X (Inflation) X

i lasticit
(Real Income Growth)'"come er sttty

Low: Dollar per Person — Remgyyrent = $2,600 x (1.0065032) x (1.03729)%° = $2,700
Best: Dollar per Person — Rem yyrent = $5,200 x (1.0065032) x (1.03729)%° = $5,300
High: Dollar per Person — Rem yrens = $7,800 x (1.0065032) x (1.03729)°° = $8,000

7.2 Updating the Cancer Mortality Risk Coefficient

The NRC staff will inform the Commission if the EPA adopts a new cancer mortality risk
coefficient and make a recommendation whether to adopt this coefficient in establishing the
NRC'’s dollar per person-rem conversion factor. Following Commission direction, the NRC staff
would update the cancer mortality risk coefficient used in the dollar per person-rem conversion
factor policy.

7.3 Re-Baselining Dollar per Person-Rem Conversion Factor

Although accounting for changing economic conditions (e.g., inflation and income growth) can
provide a more realistic estimate of VSL (and, therefore, the dollar per person-rem conversion
factor), economic adjustments alone do not account for the full change in VSL over time.
Therefore, the NRC staff will periodically consider reevaluating its baseline values for VSL and
the cancer mortality risk coefficient, and will update guidance and regulations if the conversion
factor would change by more than $1,000 per person-rem. This practice is consistent with other
Federal agencies’ initiatives to establish formalized processes for re-baselining VSL (and,
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therefore, dollar per person-rem). Established processes will be used to request Commission
approval for such updates and to include public participation during the update.
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8 IMPLICATIONS OF REVISED CONVERSION FACTOR POLICY

The $5,200 per person-rem conversion factor in 2014 dollars discussed in this report reflects an
increase of a factor of approximately 2.6 from the $2,000 per person-rem conversion factor that
has been used by the U.S. Nuclear Regulatory Commission (NRC) since 1995.

As part of the NRC’s update of the dollar per person-rem conversion factor, the NRC staff
considered the potential impact of any change from the $2,000 per person-rem factor on current
regulations and past regulatory decisions. In the introductory sections of this report, the staff
describes how the dollar per person-rem conversion factor is used in NRC regulatory decisions.

First, with regard to regulatory decisions concerning radioactive waste system design
alternatives for nuclear power plants (Title 10 of the Code of Federal Regulations (10 CFR), Part
50, “Domestic Licensing of Production and Utilization Facilities,” Appendix |, “Numerical Guides
for Design Objectives and Limiting Conditions for Operation To Meet the Criterion ‘As Low As Is
Reasonably Achievable’ for Radioactive Material in Light-Water-Cooled Nuclear Power Reactor
Effluents”), the staff involved in those assessments has indicated that increases in the
conversion factor of at least an order of magnitude would be necessary to justify any
reassessment of those decisions. Therefore, the changes in the conversion factor policy, as
considered in this report, would not bring into question those past decisions. Moreover,
applicants for reactor licenses under 10 CFR Part 50 and 10 CFR Part 52, “Licenses,
Certifications, and Approvals for Nuclear Power Plants,” and the NRC staff in its review of such
applications, are still required to use the current conversion factor ($1,000 per total body man-
rem and $1,000 per man-thyroid-rem) in Section 11.D of 10 CFR Part 50, Appendix |, until it is
formally changed through a rulemaking.

Second, for all other regulatory applications where $2,000 per person-rem has been used by the
NRC, the staff is not proposing that previous decisions be reviewed or updated based on this
revised conversion factor policy. Furthermore, even for regulatory decisions involving safety
enhancements for severe power reactor accidents proposed following the accident at
Fukushima Dai-ichi where the potential difference in total dollar valuation could be large, the
staff used $4,000 per person-rem as an alternative value estimate (NRC, 2012b). The NRC
staff does not propose revisiting those past regulatory decisions. There are several reasons for
this position. First, the $2,000 per person-rem value has been used by the staff as a figure of
merit, and as one input among many in the regulatory decision. Second, in recognition of the
uncertainties inherent in such a figure of merit, the NRC would typically rely more heavily on
other considerations when the break-even cost-beneficial determination was close (e.g., within a
factor of five). Finally, the factors that justify an increase in the dollar per person-rem
conversion factor have had a similar effect on increasing the cost of modifying a licensed facility.
In conclusion, updated cost-benefit analyses would most likely result in little, if any, change to
past regulatory decisions.
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9 PROCESS TO INCORPORATE THE REVISED DOLLAR PER
PERSON-REM VALUE AS NRC POLICY

The $5,200 per person-rem conversion factor in 2014 dollars and related changes in the U.S.
Nuclear Regulatory Commission’s (NRC) conversion factor policy will be incorporated into
Revision 5 of NUREG/BR-0058. This is in accordance with the plan discussed in
SECY-14-0002, “Plan for Updating the U.S. Nuclear Regulatory Commission’s Cost-Benefit
Guidance” (NRC, 2014). The deletion of all references to the present $1,000 and $2,000 per
person-rem values in existing regulations and guidance is planned with the exception discussed
below.

The NRC staff recognizes that updating the dollar per person-rem conversion factor may be
appropriate in the future. The value should be updated using the process discussed in this

Revision 1 to NUREG-1530 under Section 7, “Methodology for Maintaining the Conversion

Factors Current.”

With respect to implementation, the NRC staff, licensees, and applicants may begin using the
revised conversion factor in all regulatory applications discussed in Section 3 of this document,
other than the exception discussed below. Licensees may propose using other dollar per
person-rem factors than the factor presented in this guidance.

For example, regulatory applications discussed in Section 3.1, “Routine Liquid and Gaseous
Effluent Releases from Nuclear Power Plants,” the values discussed in Title 10 of the Code of
Federal Regulations (10 CFR), Part 50, “Domestic Licensing of Production and Utilization
Facilities,” Appendix I, “Numerical Guides for Design Objectives and Limiting Conditions for
Operation To Meet the Criterion ‘As Low As Is Reasonably Achievable’ for Radioactive Material
in Light-Water-Cooled Nuclear Power Reactor Effluents,” must be used until they are changed
through rulemaking. If a licensee or applicant chooses to use values other than those provided
in 10 CFR Part 50, Appendix I, for radioactive waste system designs, they must request an
exemption under 10 CFR 50.12 or 52.7, both titled “Specific Exemptions.”
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APPENDIX A: ADJUSTING THE CANCER MORTALITY RISK
COEFFICIENT FOR HIGH-RATE EXPOSURE SCENARIOS — THE
DOSE AND DOSE-RATE EFFECTIVENESS FACTOR












Adjusting the Cancer Mortality Risk Coefficient for High-Rate Exposure Scenarios — the
Dose and Dose-Rate Effectiveness Factor

Most human evidence and risk estimates of radiation health effects are developed from
epidemiology studies of high-dose and dose rate exposed populations. For example, atomic
bomb survivors provide strong evidence that radiation is a carcinogen at high doses delivered at
near instantaneous dose rates (NAS, 2006). In contrast, most radiation protection situations
involving planned activities that include exposures over a longer period of time (e.g., a single
year or career). The dose and dose rate effectiveness factor (DDREF) is defined by the
International Commission on Radiological Protection (ICRP) as a judged factor that generalizes
the usually lower biological effectiveness (per unit of dose) of radiation exposures at low doses
and low dose rates as compared with exposures at high dose rates (ICRP 60 and 103). For
exposure scenarios where the dose is greater than 20 rad (0.2 grays) or the dose-rate is greater
than 10 rad (0.1 grays) per hour and the total accumulated effect is not in the acute health
effects range, then a DDREF factor is removed from the risk coefficient to account for the higher
risk per unit dose. The EPA uses a judged DDREF of 1.5 (NAS, 2006 and EPA, 2011b).

There are some affected attributes where the DDREF could be removed on a case-by-case
basis. Two attributes in regulatory analyses where the removal of the DDREF may be
appropriate are occupational health (accident) and public health (accident). For example,
consider a reactor accident scenario resulting in an instantaneous individual dose of 30 rem to a
portion of the affected population. Using the latest EPA cancer mortality risk coefficient of

5.8 x 10 per rem, a revised value of 8.7 x 10 per rem should be used in the risk calculation to
account for the higher risk per unit dose as a result of the higher dose and dose rate (i.e., the
product of the original cancer mortality risk coefficient multiplied by a factor of 1.5). As a
consequence, the dollar per person-rem value should account for exposed individuals who have
received a high dose greater than 20 rem or greater than 10 rem per hour, but less than a fatal
exposure. In such a scenario, the NRC staff would use a dollar per person-rem of $7,800 per
person-rem for high dose-rate and high dose scenarios instead of the $5,200 per person-rem
value in 2014 dollars being proposed for low dose rate and low dose exposure scenarios.
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