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STATE-OF-THE-ART REACTOR CONSEQUENCE ANALYSES
STEERING COMMITTEE REQUEST

May 14, 2007, Steering Committee Meeting

DOSE THRESHOLD ASSESSMENT
ACTION:

During the December 5, 2006, Steering Committee (SC) Meeting, the staff was challenged to
evaluate the plausibility and impact of developing a process for presenting the State-of-the-Art
Consequence Analyses (SOAR-CA) final results for latent cancer fatalities as a single value, rather
than a range of results based on a corresponding range of dose thresholds. The guidance
provided by the SC was to use an expert elicitation to determine a single distribution of dose
thresholds for latent cancer fatalities. The dose thresholds and degrees of belief from each expert
would be combined into a single distribution1 for use in MACCS calculations. This would allow the
NRC to present the results of the SOAR-CA as a single number of fatalities for each scenario
analyzed at each site based on a technically justifiable single distribution of dose thresholds
weighted by each experts degree of belief. This single distribution would replace the use of multiple
thresholds selected from a range of doses (0 to 5 Rem) for each scenario. This approach would
provide clearer, more direct results for SOAR-CA stakeholders.

In the May 14, 2007, SC meeting, the staff received some additional guidance to prepare an
options paper that identifies the pros and cons for three specific options, and to provide the SC with
the staff's recommendation. The three specified options include the following:

Range of dose thresholds - use a range of dose thresholds from 0 Rem (LNT) to 5 Rems,
consistent with SECY-05-0233, entitled "Plan for Developing State-of-the Art Reactor
Consequence Analyses," dated December 22, 2005.

Probabilistic distribution of dose thresholds - use NRC staff experts in an expert elicitation
approach to determine the dose threshold for the onset of latent cancer effects and the
degrees of belief in those values to develop a single weighted distribution.

Best estimate point value - identify the current state-of-the-art dose threshold level below
which latent cancers have not been detected or are nonexistent; "no observable adverse
effects level" (NOAEL).

RESPONSE:

For the purpose of regulatory requirements for radiation protection, NRC requires that latent
cancers be treated as stochastic radiological effects: health effects that are random, without a

A single distribution will be developed using the thresholds and degrees of belief provided by the

experts. MACCS2, in a single run, can incorporate this distribution and provide a mean (expectation)
valuethat represents this distribution using its piecewise linear multiplicative model for the latent cancer
fatality dose conversion factor.
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threshold, and that the likelihood of occurrence increases with an increase in exposure. In
SECY-05-0233 that describes the SOAR-CA process, the staff stated that a select range of dose
thresholds from 0 to 5 Rem will be used in the analyses. In addition, the intent of the SOAR-CA
project is to model the consequences realistically, using the best possible information and to
present the results from these analyses using risk communication techniques to facilitate a
common understanding amongst the stakeholders. The best approach to accomplish these
objectives is to identify a technically and logically defendable, dose-response distribution or value
for reporting latent cancer effects. To this end, the staff has reviewed and evaluated the options
proposed by the SC and has summarized the pros and cons in terms of cost and time with regards
to the SOAR-CA project plan, defendability of each approach evaluated and the process for
implementation, philosophical consistency with current agency policies, and effective
implementation of risk communication.

1. Range of dose thresholds - This approach will use a range of dose thresholds from 0 Rem
to 5 Rems consistent with the approach described in SECY-05-0233 that was approved by
the Commission in the staff requirement memorandum (SRM) entitled "Staff Requirements -
Secy-05-0233 - Plan for Developing State-of-the Art Reactor Consequence Analyses,"
dated April 14, 2006. This approach will require a separate MACCS analysis for each dose
threshold that makeup the range of thresholds for each source term provided by MELCOR.
The outcome of each MACCS analysis will be reported in the SOAR-CA final report,

* Cost - Currently, the budget and schedule reflects using a range of four dose
thresholds for each MELCOR result, therefore, implementing this approach will not
result in an increase in cost for SOAR-CA.

Time - Because, the schedule reflects using a range of four dose thresholds for
each MELCOR result, no change in the time required to perform the MACCS
analyses is needed.

* Defendability - This approach is expected to be the least controversial and should
not be difficult to defend because it present a variety of results. The concept is
sound and the process is defendable. However, some degree of controversy from
different stakeholders is expected and may affect the public's confidence in the
results.

Philosophical Consistency - This approach is consistent with the SOAR-CA program
description approved by the Commission. However, reporting results for induced
latent cancer effects based on any dose threshold other than 0 rem is inconsistent
with Commission policy that is based on cancer from radiation as being a stochastic
effect. Others will argue that a 0 dose threshold will not provide meaningful
measurable results and has no social significance.

Effective Risk Communication - Reporting a range of dose thresholds will not
facilitate a common understanding amongst stakeholders. It leaves the
interpretation of the results to the reader without providing. any clear conclusion,
making risk communication difficult.
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2. Probabilistic distribution of dose thresholds - This approach will use NRC staff experts to
determine the dose threshold for the onset of latent cancer effects and the degrees of belief
in those values to develop a single weighted distribution. This approach can be applied to
identify a single distribution at which latent cancer effects can be postulated to occur
(induced), or to identify a dose threshold and the degree of belief corresponding to a level
below which latent cancers have not been observed, or are nonexistent, "no observable
adverse effects level" (NOAEL). These are, fundamentally, different questions that are both
consistent with the SC direction to consider an expert elicitation to develop a single dose-
response model.

a. Single dose threshold distribution for induced latent cancer effects:

Cost - Because internal resources will be used, no SOAR CA dollars will
need to be expended to develop the dose threshold distribution. Currently,

-the budget and schedule reflects using a range of four dose thresholds for
each MELCOR result, therefore, if a single dose threshold distribution
approach is implemented, a small reduction in the current projected cost can
be expected."

Time - Currently, the schedule reflects using a range of four dose thresholds
for each MELCOR result, therefore, if a single dose threshold distribution
approach is implemented, it should result in a small reduction in the time
scheduled for implementing MACCS activities but no change to the overall
schedule is expected. In addition, the elicitation and analysis needed to be
performed (estimated at -6 weeks), might impact the current start date for
performing MACCS runs, but should not have a significant impact on the
overall schedule.

Defendability - The concept is sound and the process is defendable with
some controversy expected from different stakeholders that can impact the
public's confidence in the results. Using internal experts can increase the
level of controversy and subject the outcome to more criticism.

Philosophical Consistency - This approach is not fully consistent with the
SOAR-CA project description approved by the Commission to present the
results using a range of dose threshold. It is intended to merge a range of
dose threshold and the degrees of belief that the experts have in those
values into a single distribution, to obtain a single result for each MELCOR
source term produced. It is, however, more consistent with the
Commission's direction to report the results using risk communication
techniques to achieve an informed public understanding. Reporting results
for induced latent cancer effects based on any dose threshold other than 0
rem is inconsistent with Commission policy that cancer from radiation is a
stochastic effect.
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* Effective Risk Communication - Reporting a single result for each MELCOR
result based on a single dose threshold distribution will significantly improve
a common understanding amongst stakeholders. It will provide a single clear
conclusion, as intended by risk communication techniques.

Others - It may be difficult to form a panel of internal experts that can provide
credibility to the process.

b. Single dose threshold distribution for detectinq latent cancer effects:

* Cost - Because internal resources will be used, no SOAR CA dollars will
need to be expended to develop the dose threshold distribution. Currently,
the budget and schedule reflects using a range of four dose thresholds for
each MELCOR result, therefore, if a single dose threshold distribution
approach is implemented, a small reduction in the current projected cost can
be expected.

Time - Currently, the schedule reflects using a range of four dose thresholds.
for each MELCOR result, therefore, if a single dose threshold distribution
approach is implemented, it should result in a small reduction in the time
scheduled for implementing MACCS activities but no change to the overall
schedule is expected. In addition, the elicitation and analysis needed to be
performed (estimated at -6 weeks), might impact the current start date for
performing MACCS runs, but should not have a significant impact on the
overall schedule.

Defendability - The concept is sound and the process is defendable with
some controversy expected from different stakeholders that can impact the
public's confidence in the results. Using internal experts can increase the
level of controversy and subject the outcome to more criticism.

Philosophical Consistency - This approach is not fully consistent with the
SOAR-CA project description approved by the Commission to present the
results using a range of dose threshold. It is intended to merge a range of
dose threshold and the degrees of belief that the experts have in those
values into a single distribution, to obtain a single result for each MELCOR
source term produced. It is, however, more consistent with the
Commission's direction to report the results using risk communication
techniques to achieve an informed public understanding. In addition,
reporting results for detectable latent cancer effects is not inconsistent with
the Commission's policy that cancer from radiation is a stochastic effect.

Effective Risk Communication - Reporting a single result for each MELCOR
result based on a single dose threshold distribution will significantly improve
a common understanding amongst stakeholders. It will provide a single clear
conclusion, as intended by risk communication techniques..
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Others - It may be difficult to form a panel of internal experts that can provide
credibility to the process. Using the detectable latent cancer fatalities may
reduce the study's ability to be a direct replacement for the Sandia Siting
Study, since a different metric will be used.

3. Best Estimate Point Value - In an official position statement, entitled "Radiation Risk in
Perspective," (refer to Attachment 1) the Health Physics Society (HPS) "recommends
against. quantitative estimation of health risks below an individual dose of 5 rem in one year
or a lifetime dose of 10 rem above that received from natural sources." They recognize the
existence of "substantial and convincing scientific evidence for health risks following high-
dose exposures. However, below 5 - 10 rem, the risk of health effects are either too small
to be observed or are nonexisting." This independent, unsolicited position statement from
the HPS specifically addresses the question raised by the SC: The recommended values, 5
rem in one year and a lifetime dose of 10 rem, are conservative and should envelop the
lower limit for detecting latent cancer effects in stakeholders' understanding. It is more
conservative than the low end (5 rem, only) of the range for detectible latent cancer effects-.
offered by staff experts.

Cost - Currently, the budget and schedule reflects using a range of four dose
thresholds for each MELCOR result, therefore, if a single dose threshold
distribution approach is implemented, a small reduction in the current
projected cost can be expected.

Time - Currently, the schedule reflects using a range of four dose thresholds
for each MELCOR result, therefore, if a single dose threshold distribution
approach is implemented, it should result in a small reduction in the time
scheduled for implementing MACCS activities but no change to the overall
schedule is expected.

Defendability - The concept is sound and the process is defendable with
some controversy expected from different stakeholders that can impact the
public's confidence in the results. Using this unsolicited, independent HPS
paper as the basis for the detectable dose threshold used in SOAR-CA
eliminates the concern associated with using internal experts that can
increase the level of controversy and subject the outcome to more criticism.
The values being proposed are conservative with regards to the state-of-the-
art for detecting latent cancer effects and should not be a point of
controversy.

. Philosophical Consistency - This approach is not fullyconsistent with the
SOAR-CA project description approved by the Commission to present the..
results using a range of dose thresholds. It is, however, more consistent with
the Commission's direction to report the results using risk communication
techniques to achieve an informed public understanding. In addition,

L FFSE O 1 ENSIT E TERN ORM N
L( MIý D TNIRC SSTHE 1foM IS S I M STE RM T H S E

5



OFFI USE 0 NSITIV RNAL I 0 ATION

IM 0Fý NRCb 55S THE SSIO ET MINE 0TH WIS

reporting results for detectable latent cancer effects is not inconsistent with
the Commission's policy that cancer from radiation is a stochastic effect.

Effective Risk Communication - Reporting a single result for each MELCOR
result based on a single dose threshold distribution will significantly improve
a common understanding amongst stakeholders. It will provide a single clear
conclusion, as intended by risk communication techniques.

Others - Using the detectable latent cancer fatalities may reduce the study's
ability to be a direct replacement for the Sandia Siting Study, since a different
metric will be used.

Recommendation:

The SOAR-CA team recommends Option 3 for the following reasons. It is the team's position that
Option 1 cannot effectively present the results in a clear concise manner that will result in a
common understanding amongst the SOAR-CA stakeholders, especially the public. Option 2a is
requesting an expert elicitation on a theoretical value that is very controversial at best. In addition,
the NRC's current position from a regulatory perspective is based on the linear no-threshold:model
and any selected threshold above zero for induced health effects would be contrary to the NRC's
current policy. The staff believes Option 2b and Option 3 are basically the same approach and
addresses a fundamentally different question from Option 2a, the dose threshold where potential
health effects are detectable versus induced. In Option 2b, the staff would perform an expert
elicitation to identify a dose threshold and the degree of belief corresponding to a level below which
latent cancers have not been observed, or may be nonexistent, "no observable adverse effects
level" (NOAEL). However, as stated above, using internal resources may increase the level of
controversy and subject the outcome to more criticism, and it may be difficult to form a panel of
internal experts that can provide credibility to the process. In Option 3, the staff will use the
documented position of the HPS as its bases for using 5 rem in the first year, 10 rem in a life time,
as the dose threshold that corresponds to a level below which latent cancers have not been
observed, or may be nonexistent. Using the unsolicited, independent documented position of the
HPS, which is a well established, health physics, professional organization (refer to footnote in
Attachment 1) may help to provide an added margin of credibility to this approach. Therefore, the
staff recommends Option 3, to use a single dose threshold of 5 rem, 10 rem in a life time, in
presenting the results from the SOAR-CA using risk communication as directed by the Commission
and to help ensure clearer, more direct results are presented for a common understanding
amongst all stakeholders.

Impact:

The results from this effort will serve as input to MACCS. MACCS runs are expected to begin as
early as June of this year. If Option 1 or Option 3 is adopted, there will be no impact on the project.
If Option 2a or Option 2b is adopted, it is estimated that implementation of an internal expert
elicitation would have a minimum impact (-6 weeks) on the start time for MACCS runs.
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