
WORKING  DRAFT  A

TOP LEVEL REGULATORY CRITERIA

FOR THE 

PEBBLE BED MODULAR REACTOR

IN THE UNITED STATES

JUNE 2001

Attachment 4



i

TABLE OF CONTENTS

Section Title Page

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.0 BASES FOR SELECTION OF TOP LEVEL REGULATORY CRITERIA . . . . . 2
3.0 TOP LEVEL REGULATORY CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.1 Consequence and Risk Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.1.1 Reactor Safety Goal Policy Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.1.2 10CFR20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.1.3 10CFR50 Appendix I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.1.4 40CFR190 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.1.5 10CFR100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.1.6 10CFR50.34 (a) (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.1.7 EPA-400-R-92-001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.2 Frequency Regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.2.1 Anticipated Operational Occurrences Region . . . . . . . . . . . . . . . . . . . . . . . 8
3.2.2 Design Basis Event Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.2.3 Emergency Planning Basis Event Region . . . . . . . . . . . . . . . . . . . . . . . . . . 8

4.0 TOP LEVEL REGULATORY CRITERIA APPLIED TO PBMR . . . . . . . . . . . . 14
4.1 Module Versus Plant Or Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2 Distance Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.3 PBMR Application of Consequence and Risk Criteria . . . . . . . . . . . . . . . . . . . 14

4.3.1 10CFR50 Appendix I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3.2 10CFR100 / 50.34.(a) (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3.3 Prompt Mortality Safety Goal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

5.0 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

LIST OF TABLES AND FIGURES

Table 3-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 4-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15



1

1.0 INTRODUCTION

In support of the development and licensing of Modular High Temperature Gas Cooled
Reactors (MHTGR), DOE-HTGR-85002 (Reference 1) presented a listing of Top Level
Regulatory Criteria (TLRC) to be utilized as standards for judging nuclear power plant
licensability related to the control of radionuclides. These criteria directly specify acceptable
quantified limits on radionuclide releases for the protection of public health and safety and
the environment.  The purpose of this document is to update the previously developed TLRC
in support of planned efforts directed toward the licensing of the Pebble Bed Modular
Reactor (PBMR). 

The purpose of the TLRC is to establish a fundamental quantitative basis that is both
consistent and unambiguous for judging the current acceptability of potential radionuclide
releases such that protection of the public health and safety and the environment is
maintained. The quantitative regulatory criteria are established to ensure an acceptable level
of health and safety consequences and risks to individuals and the environment.  

The scope of this document is directed toward the following objectives:

• Identification of Top Level Regulatory Criteria

• Identification of Risk-Informed Frequency Ranges (applicable to each criterion)

• Assessment of the applicability of the Regulatory Criteria to the PBMR

Section 2 addresses the bases for the selection of the TLRC.  The identification and
discussion of current regulatory criteria is presented in Section 3.  An assessment of
the application of the criteria to the PBMR is discussed in Section 4.
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2.0 BASES FOR SELECTION OF TOP LEVEL REGULATORY CRITERIA

The following are the bases for the selection of the TLRC and are unchanged from
Reference (1):

1. The TLRC should be a necessary and sufficient set of direct statements of
acceptable health and safety consequences and risks to individuals and the
environment.

2. The TLRC should be independent of reactor type and site.

3. The TLRC should be quantifiable

Basis 1 ensures that the criteria are fundamental to the protection of the public
health and safety and the environment.  

Basis 2 requires that the criteria be stated in terms that are generic and applicable
to all reactor types and sites.  

Basis 3 ensures that the achievement of the criteria can be measured or calculated.
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3.0 TOP LEVEL REGULATORY CRITERIA

3.1 Consequence and Risk Criteria 

Based upon the criteria selection bases and a review of current Federal
Regulations and other pertinent documents, the following regulatory sources have
been identified as containing top-level criteria:

•••• Reactor Safety Goal Policy Statement � As documented in Federal Register,
Vol. 51, No. 149, pp. 28044-28049, August 4, 1986 (Reference 3).

•••• 10CFR20, Standards For Protection Against Radiation, Subpart D --
Radiation Dose Limits for Individual Members of the Public

•••• 10CFR50, 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 

•••• 40CFR190, Environmental Radiation Protection Standards For Nuclear
Power Operations

•••• 10CFR100, Reactor Site Criteria, Subpart B, Evaluation Factors for
Stationary Power Reactor Site Applications on or After January 10, 1997 

•••• 10CFR50.34 (a) (1) Content of Applications; Technical Information:
Radiological Dose Consequences

•••• EPA-400-R-92-001, October 1991, U.S. EPA, Manual of Protective Action
Guides and Protective Actions for Nuclear Incidents (Reference 5).
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3.1.1 Reactor Safety Goal Policy Statement

The policy statement on reactor safety goals was initiated because of
recommendations of the President's Commission on the Accident at Three Mile
Island.  The content of the policy statement was discussed in many forums before the
Commission issued Safety Goals for the Operation of Nuclear Power Plants Policy
Statement in 1986, (Reference 3).  The Safety Goal Policy Statement expressed the
Commission's policy regarding the acceptable level of radiological risk from nuclear
power plant operation as follows:

Individual members of the public should be provided a level of protection from
the consequences of nuclear power plant operation such that individuals bear no
significant additional risk to life and health. 

Societal risks to life and health from nuclear power plant operation should be
comparable to or less than the risks of generating electricity by viable competing
technologies and should not be a significant addition to other societal risks. 

The following quantitative objectives are used in determining achievement of the
above safety goals:
The risk to an average individual in the vicinity of a nuclear power plant of
prompt fatalities that might result from reactor accidents should not exceed one-
tenth of one percent (0.1 percent) of the sum of prompt fatality risks resulting
from other accidents to which members of the U.S. population are generally
exposed. 

The risk to the population in the area near a nuclear power plant of cancer
fatalities that might result from nuclear power plant operation should not exceed
one-tenth of one percent (0.1 percent) of the sum of cancer fatality risks resulting
from all other causes. 

Although changes have been made to the policy statement based on NRC staff
requirements and recommendations memoranda (via SECY-89-102, 97-208, 98-101,
99-191, 00-0077) that have been issued since 1986, no major change in the
quantitative objectives noted above and discussed in NUREG-0880, Revision 1
(Reference 4) have been made relative to those presented in Reference 1.

As presented in Reference 1, NUREG-0880 provides quantitative data for the
determination of incremental risk.  This report cites data showing that the individual
mortality risk of prompt fatality in the United States is about 5 x 10-4 per year for all
accidental causes of death.  Applying the prompt mortality risk safety goal for
increased incremental risk of no more than 0.1% results in an increase in the
individual�s annual risk of accidental death by an increment of no more than 5 x 10-7

per year.  This is applicable to the average individual who resides at a location within
1 mile of the plant site boundary.
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NUREG-0880 also notes that, on average, roughly 19 persons per 10,000 population
die annually in the United States as a result of cancer, although the geographic and
demographic variation is large.  Taking the average rate to be 2 x 10-3 per year and
applying the delayed mortality risk safety goal of 0.1% would limit the increase in
an individual�s annual risk of cancer death to an increment of no more than 2 x 10-6

per year.  This is applicable to the average individual who resides at a location within
10 miles of the plant.

3.1.2 10CFR20

This regulation specifies permissible exposure rates, dose levels and activity
concentration in restricted and unrestricted areas.  The numerical values given in
10CFR20 have changed (circa 1994) to incorporate updated Federal Radiation
Protection Guidance from those given in Reference (1) but continue to be consistent
with all the identified bases and are considered TLRC.  Major changes included a
reduction in limits and the replacement of dose to critical organs with effective dose
and the use of committed dose. 

3.1.3 10CFR50 Appendix I

This regulatory requirement identifies numerical guidelines for implementing the
objective of as low as reasonably achievable (ALARA).  The stated dose values
presented are based upon light water reactor operating experience and design features
in order to be consistent with the objective of being ALARA.  Reference (1)
proposed that the dose values stated in 10CFR50 Appendix I represent suitable power
plant allocations of the overall fuel cycle limits stated by the Environmental
Protection Agency in 40CFR190 and in this sense are representative of TLRC.

3.1.4 40CFR190

As indicated in Reference (1), this regulation specifies both numerical dose criteria
intended to protect the health and safety of the public and numerical radionuclide
release criteria intended to protect the environment from the consequences of all
normal uranium fuel cycle operations.  Both limits are consistent with all of the
selection bases and are included as TLRC.  The specified criteria are unchanged from
Reference (1).

As previously specified in Reference (1), the numerical criteria of 40CFR190 and
10CFR50, Appendix I are complementary and the PBMR would be assessed against
both.  Appendix I provides limits on the dose due to effluents from an individual
reactor, including the allocations from shared facilities.  In contrast, 40CFR190 sets
a limit on exposure from all sources both effluent and direct from the plant fuel cycle.
On a site specific basis, one or the other may prove to be more limiting, depending
on the existence of any other contributing plants or uranium fuel facilities in the
vicinity and the expected types and levels of effluents.  Accordingly both Appendix
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I and 40CFR190 are included as TLRC and the maximum allowable dose to any
member of the public shall be the lower of the limits established by their application.

3.1.5 10CFR100

This regulation provides the guidance for determining site suitability for accident
radioactive releases and is consistent with all the Section 2 identified bases and
therefore qualifies as TLRC.  The dose guidance previously specified in Reference
(1) has been changed for new power reactor applicants to reflect the Total Effective
Dose Equivalent (TEDE) values specified in 10CFR50.34(a)(1).

However, as stated in Reference (1), the analysis assumptions used in implementing
these dose guidelines needs to be oriented to the characteristics of the specific reactor
type and design.  In particular the source term guidance given in TID 14844
(Reference 6) or 10CFR50.67 Accident Source Term as defined in NUREG 1465
(Reference 7) are applicable for light water reactors and are not appropriate for the
PBMR.  A methodology (Reference 8) for establishing applicable licensing basis
events, similar to that developed in Reference 9, needs to be used to determine the
appropriate implementation of these dose guidelines and the other TLRC for the
PBMR.

3.1.6 10CFR50.34 (a) (1)

This technical content of applications section of the regulation specifies the dose
consequence criteria following design basis accidents as:

(1) An individual located at any point on the boundary of the exclusion area for any
2 hour period following the onset of the postulated fission product release, would
not receive a radiation dose in excess of 25 rem total effective dose equivalent
(TEDE).

(2) An individual located at any point on the outer boundary of the low population
zone, who is exposed to the radioactive cloud resulting from the postulated
fission product release (during the entire period of its passage) would not receive
a radiation dose in excess of 25 rem TEDE.

These numerical values differ from those previously specified in Reference (1) and
have been updated to reflect current Federal Radiation Protection guidance similar
to the changes made to 10CFR20.

3.1.7 EPA-400-R-92-001

This EPA manual (Reference 5) provides updated guidance for emergency planning
and Protective Action Guides (PAGs), replacing those previously given in EPA-
520/1-75-001, for exposure to airborne radioactive materials due to a nuclear
incident.  The PAGs for responses during the early and intermediate phases following
an incident are now expressed in terms of the projected sum of the effective dose
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equivalent from external radiation and the committed effective dose equivalent
incurred from inhalation of radioactive materials from exposure and intake.
Supplementary guides are also specified in terms of committed dose equivalent to the
thyroid and dose equivalent to the skin. This more complete guidance updates and
replaces previous values, expressed in terms of whole body dose equivalent from
external gamma exposure and thyroid dose equivalent from inhalation of radioactive
iodine.  However, Reference 5 incorporates directly the PAGs for contaminated
foodstuffs previously published by the FDA in 1982 (Reference 12).  As before the
rationale for the selection of these dose guides is not reactor design specific.

The NRC implementation requirements in 10CFR50 Section 50.47 and Appendix E
for emergency planning are unchanged.  Therein it is noted that generally a plume
exposure pathway Emergency Planning Zone (EPZ) of 10 miles in radius and an
ingestion pathway EPZ of 50 miles in radius provide an adequate planning basis.
The technical basis for the selection of these EPZ distances is given in NUREG-0396
(Reference 10) wherein it is found for the majority of light water reactors (LWRs)
that for all but the most improbable events, the PAGs would not be expected to be
exceeded beyond these distances.

It should be noted that 10CFR50, Appendix E continues to state that �the size of the
EPZs also may be determined on a case by case basis for gas cooled nuclear reactors
and for reactors with an authorized power level less than 250 MW thermal�.
Therefore, alternative implementation guidance, similar to that proposed by DOE for
the MHTGR per Reference 11, using the PAGs as the numerical criteria for
determining appropriate EPZ distances needs to be assessed for the PBMR.

3.2 Frequency Regions

The development of Frequency Regions is performed in the manner described in
Reference (1) and consists of a spectrum of releases covering a frequency range from
normal operation to very low probability off-normal events.  As presented in
Reference (1) the spectrum of potential accidental radioactive releases from a plant
are divided in the following three regions.

• Anticipated Operational Occurrences (AOO)
• Design Basis Events (DBE)
• Emergency Planning Basis Events (EPBE)

An examination of the entire frequency range and the identification of one or more
of the TLRC as being applicable for each Region provide assurance that the selected
criteria are adequately established.  A summary of the TLRC and their applicable
frequency ranges are provided in Table 3-1.

3.2.1 Anticipated Operational Occurrences Region
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Anticipated Operational Occurrences are those conditions of normal operation which
are expected to occur one or more times during the life of the plant.  Using a
licensing basis design lifetime of 40 years yields a lower boundary for the AOO
region of 2.5 x 10-2 per plant year.  For this Region, 10CFR50, Appendix I has been
chosen as the applicable criteria as it specifies the numerical guidance to assure that
releases of radioactive material to unrestricted areas during normal reactor
operations, including AOOs, are maintained ALARA.

3.2.2 Design Basis Event Region

The Design Basis Event Region encompasses releases that are not expected to occur
during the lifetime of one nuclear power plant.  The frequency range covers events
that are expected to occur during the lifetime of a population (several hundred) of
nuclear power plants; and therefore a lower limit of 10-4 per plant year is chosen.
This frequency is consistent with the existing LWR design basis region.  For this
region, 10CFR100 and 10CFR50.34 (a)(1) provide the quantitative dose guidance for
accidental releases for siting a nuclear power plant to ensure that the surrounding
population is adequately protected.

3.2.3 Emergency Planning Basis Event Region

The Emergency Planning Basis Event Region considers improbable events that are
not expected to occur during the lifetime of several hundred nuclear power plants.
This is to assure that adequate emergency planning is developed to protect the public
from undesirable exposure to radiation for improbable events.  The frequency cutoff
implicit in the acute fatality risk goal in NUREG-0880 is taken as the lower
frequency boundary of the EPBE Region.  NUREG-0880 notes that the individual
mortality risk of prompt fatality in the U. S. is about 5 x 10-4 per year for all
accidental causes of death.  The prompt mortality risk design objective limits the
increase in an individual�s annual risk of accidental death to 0.1% of 5 x 10-4, or an
incremental increase of no more than 5 x 10-7 per year.  Therefore this value is used
as the lower frequency bound for the EPBE Region.
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TABLE 3-1

TOP LEVEL REGULATORY CRITERIA

Policy Statement of Reactor Safety Goals

Purpose: To specify acceptable incremental risk of prompt and delayed fatality to an
individual and the population due to local siting of a power plant.

Frequency Range: Normal Operation to 5 x 10-7 per plant year

1. Individual Prompt Mortality Risks:

The risk to an average individual in the vicinity of a nuclear power plant of prompt
fatalities that might result form reactor accidents should not exceed 0.1% of the sum
of prompt fatality risks resulting from other accidents to which members of the U. S.
population are generally exposed.

Based on the quantitative regulatory guidance documents (References 2 and 4), the
incremental risk to the average individual within 1 mile of a nuclear power plant site
boundary shall be no more than 5 x 10-7  per plant year.

2. Individual Delayed Mortality Risk:

The risk to the population in the area near a nuclear power plant of cancer fatalities
that might result from nuclear power plant operation should not exceed 0.1% of the
sum of cancer fatality risks resulting from all other causes.

Based on the quantitative regulatory guidance documents (References 2 and 4), the
incremental risk to the average individual within 10 miles of a nuclear power plant
site boundary shall be no more than 2 x 10-6 per plant year.

10CFR20

Purpose: To specify acceptable occupational and public exposures and offsite releases
in effluents.

Frequency Range: Normal Operation to 2.5 x 10-2 per plant year

1. Section 20.1201 - Occupational dose limits for adults.

An annual limit, which is the more limiting of:
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(i)  the total effective dose equivalent being equal to 5 rem (0.05 Sv); or
(ii)  the sum of the deep-dose equivalent and the committed dose equivalent to any

individual organ or tissue other than the lens of the eye being equal to 50 rem (0.5
Sv).

The annual limits to the lens of the eye, to the skin, and to the extremities, which are:
(i) a lens dose equivalent of 15 rem (0.15 Sv), and (ii) a shallow-dose equivalent of
50 rem (0.50 Sv) to the skin or to any extremity.

Derived air concentration (DAC) and annual limit on intake (ALI) values are
presented in Table 1 of Appendix B to Part 20 and may be used to determine the
individual's dose (see §20.2106) and to demonstrate compliance with the
occupational dose limits.

The dose that an individual may be allowed to receive in the current year shall be
reduced by the amount of occupational dose received while employed by any other
person (see §20.2104(e)).

2. Section 20.1301 �Dose limits for individual members of the public:

Total effective dose equivalent (TEDE) < 100 mrem per year.

Dose in unrestricted area from external sources < 2 mrem in any one hour.

3. Section 20.1302 � Compliance with dose limits for individual members of the public

Demonstrate by measurement or calculation that the TEDE to the individual likely
to receive the highest dose does not exceed the annual dose limit or demonstrate that:
(i) the annual average concentrations of radioactive material released in gaseous and
liquid effluents at the boundary of the unrestricted area do not exceed the values
specified in Table 2 of Appendix B to Part 20 and 
(ii) if an individual were continuously present in an unrestricted area, the dose from
external sources would not exceed 2 mrem in an hour and 50 mrem in a year.

10CFR50 Appendix I

Purpose: To specify acceptable offsite exposures during normal operation and
anticipated events for an individual reactor.

Frequency Range: Normal operation to 2.5 x 10-2 per reactor year.

Section II: Guides on design objectives for LWRs:

1. Paragraph A:
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Estimated annual dose from liquid effluents: � 3 mrem total body, or � 10 mrem to
any organ.

2. Paragraph B:

Estimated annual dose from gaseous effluents: � 5 mrem total body or � 15 mrem
to the skin.

3. Paragraph C:

Estimated annual dose from all radioactive iodine and radioactive material in
particulate form in effluents to the atmosphere: � 15 mrem to any organ.

40CFR190

Purpose: To specify acceptable offsite exposures and releases due to the entire uranium
fuel cycle.

Frequency Range Normal operation to 2.5 x 10-2 per reactor year.

1. Section 190.10 (a) � Annual dose equivalent to a member of the general public from
uranium fuel cycle operations (as defined in 190.02).

Whole body dose: � 25 mrem
Thyroid dose: � 75 mrem
Any other organ dose: � 25 mrem

2. Section 190.10 (b) � Total quantity of radioactive materials entering the general
environment from the entire uranium fuel cycle, per gigawatt-year of
electrical energy produced by the fuel cycle:

Kr-85 < 50,000 curies
I-129 < 5 millicuries
Pu and other α emitting and transuranic nuclides with half-lives:
> 1 yr < 0.5 millicuries.
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10CFR100/10CFR50.34 (a) (1)

Purpose: To specify acceptable offsite exposures resulting from unanticipated off-
normal events.

Frequency Range: 2.5 x 10-2 to 1 x 10-4 per plant year 

1. An individual located at any point on the boundary of the exclusion area for any 2
hour period following the onset of the postulated fission product release, would not
receive a radiation dose in excess of 25 rem TEDE.

2. An individual located at any point on the outer boundary of the low population zone,
who is exposed to the radioactive cloud resulting from the postulated fission product
release (during the entire period of its passage) would not receive a radiation dose in
excess of 25 rem TEDE.

Dose Protective Action Guides (PAGs) of EPA 400-R-92-001

Purpose: To specify offsite exposures at the plume exposure or ingestion pathway EPZ
for initiating public protection due to airborne and food pathway radioactive
materials resulting from unanticipated off-normal events.

Frequency Range: 2.5 x 10-2 to 5 x 10-7 per plant year

1. Protective Action Guides for Early Phase of Nuclear Incident (Exposure to Airborne
Radioactive Materials):

Protective Action PAG Projected Dose

Evacuation (or Sheltering) for general population if dose  > 1 to 5 rema 

Administration of stable iodine: > 25 remb.

Dose Limits for Workers Performing Emergency Services (remc):

All Activities     5
Protecting Valuable Property   10
Lifesaving or protection of large populations   25
(on a voluntary basis to persons fully aware of risks) >25

a The sum of the effective dose equivalent resulting from exposure to external sources and the
committed effective dose equivalent incurred form all significant pathways during the early phase.
Committed dose equivalents to the thyroid and to the skin may be 5 and 50 times larger, respectively.
b Committed dose equivalent to the thyroid from radioiodine
c Sum of external effective dose equivalent and committed effective dose equivalent to non-pregnant
adults from exposure and intake during an emergency situation.  Workers performing services during
emergencies should limit dose to the lens of the eye to 3 times the listed value and doses to any other
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organ (including skin and body extremities) to 10 times the listed value. These limits apply to all
doses from an incident, except those received in unrestricted areas as members of the public during
the intermediate phase of the incident.

2. Protective Action Guides for Exposure to Deposited Radioactivity During the
Intermediate Phase of a Nuclear Incident

Protective Action PAG Projected Dosed

Relocate the general population  � 2 rem 
(beta dose to the skin may be up to 50 times higher).

Apply simple dose reduction techniques < 2 rem 

d The projected sum of effective dose equivalent from external gamma radiation and committed
effective dose equivalent from inhalation of resuspended materials, from exposure or intake during
the first year.  Projected dose refers to the dose that would be received in the absence of shielding
from structures or the application of dose reduction techniques.

3. Protective Action Guides for Exposure from Materials via the Food Pathway

Protective Action PAG Projected Dose

Preventive: 0.5 reme 
1.5 rem f

(Preventive action is to reduce the radioactive contamination of human food or
animal feed)

Emergency:   5 rem e
15 rem f

(Emergency action is to isolate food containing radioactivity to prevent its
introduction into commerce and the level at which the responsible officials should
determine whether condemnation or another disposition is appropriate.)

e Dose to the whole body, bone marrow or any other organ.
f  Dose to the thyroid
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4.0 TOP LEVEL REGULATORY CRITERIA APPLIED TO PBMR

As was done in the Reference (1), the regulatory criteria developed and presented in
Section 3 are basically applicable to all nuclear power reactor types inclusive of the
PBMR.  The consequence criteria are based upon current regulation and regulatory
guidance.  The frequency criteria represent a reasonable quantification derived from
current regulatory sources.  Recognizing that some interpretation may be appropriate
and that more stringent criteria may be imposed by the plant user and designers,
specific applications of the criteria have been adopted for a PMBR.

4.1 Module Versus Plant Or Site

In the evaluation of the PBMR, the consequence criteria given in Table 3-1
(including 10CFR50 Appendix I) are numerically taken to be independent of a
reactor plant or multi-unit site; i.e. the criteria apply to a plant regardless of the
number of reactors or modules.

4.2 Distance Criteria

The dose guidelines of 10CFR50.34 (a) (1) apply to an individual located at any point
on the boundary of the exclusion area for any 2 hour period following the onset of the
postulated fission product release, and to an individual located at any point on the
outer boundary of the low population zone, who is exposed to the radioactive cloud
resulting from the postulated fission product release, during the entire period of its
passage.  

The safety goals for prompt and delayed mortality are applied at one and ten miles,
respectively.  However, for the PBMR, all offsite dose criteria and safety goals are
to be met for the maximum exposed individual at the boundary of the exclusion area.

4.3 PBMR Application of Consequence and Risk Criteria

The application of the consequence and risk criteria for the PBMR is performed in
a manner similar to that performed for the MHTGR in Reference (1).  However as
presented in Table 3-1 the changes that have been made to the specification of dose
criteria for 10CFR20, 10CFR100, and PAG projected doses in terms of committed
and effective dose equivalents (i.e. TEDE) makes the consistent application of the
regulatory dose consequences values over the range of frequencies not easily
illustrated as was done in Reference (1).  However with the recognition of the
changes in regulatory bases, the application of the TLRC across the spectrum of
potential accident frequency ranges is presented in Figure 4-1.

4.3.1 10CFR50 Appendix I

The dose criteria are expressed in terms of average allowable doses per year
applicable to the sum of anticipated releases from events that may occur less than
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once per year, the allowable dose criteria are met on a per event basis as indicated by
the vertical line. 

4.3.2 10CFR100 / 50.34.(a) (1)

In the design basis region, acknowledgement that relatively more frequently
occurring events should meet more stringent criteria leads to the sloping dose criteria
line.  At the lower end (i.e. 10-4 per plant year), the criteria are 100% of the limit dose.
The criteria linearly decrease to the upper end where 10% of the limit is used.  This
is consistent with the NRC�s qualitative criterion, as reflected in the Standard Review
Plan guidance, that the dose limitations from more frequent accidents be a small
fraction of the dose guidelines. 

4.3.3 Prompt Mortality Safety Goal

The incremental prompt cancer risk allowed by the safety goal is 5 x 10-7 fatalities
per year.  The illustration of the prompt cancer risk curve displayed in Figure 4-1 is
approximated and presented in terms of whole body dose in rem/year. 

FIGURE 4-1
APPLICATION OF TOP LEVEL REGULATORY CRITERIA FOR THE PBMR
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