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FORMULATION OF A LAR“:Y RELEASE DEFINITION AND
SUPPORTING RATIONALE

To recommend that a revised definition of a large
release be pursued. This revised definition, when
1t 1s developed, can then be applied to the third
level of the safety goal hierarchy which states
that there should be a probability no greater than
One in a million per reactor-year of a large
release of radioactive materials to the
environment from a reactor accident,

This paper discusses two alternative definitions
for a large release tnat meet criteria suggested
Previously by the ACRS and the Commission. The
staff recommends that the Commission adopt the
second alternative definition whleh will establish
a large release with a predetermined magnitude.
This value will be determined by calculating that
release necessary to cause an offsite early
fatality based on a set of pre-established
representative site characteristics. This
definition differs from the one previously
pPrgposed by the staff in JECY-89-102 in that it
will be established as a etandard which will not
be dependent on individual site characteristics,
nor will it require the performance 2f a site
specific Level III PRA.
In SECY-8%~102 (Ref. 1) the staff proposed an
implementation plan for the Safety Goal Policy in
which alternatives for a large release definition
in support of Level Three were discursed and the
following gualitative definition of a large
release was proposed:
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A large release is a release that
has a potential for causing an
offsite early fatality.

The Commission did not accept this definition. 1In
a staff requirements memorandum (SRM) dated June
15, 1990, the Commission stat.” that a plant
performance objective "... that [focuses on
accidental releases from the plant and eliminates
site characteristics, as suggested by the ACRS, is
appropriate." The Commission asked the staff to
reexamine this issue and advise them as to whether
such an objective is obtainable and useful.
Consistent with this approach, the Commission has
asked for an alternative definition for a large
release to the one previously proposed. In regard
to eliminating site characteristics, the staff
interprets the Commission’s directive to mean ti..t
the definition of the large release should not
require a Level III PRA or be dependent con plant
specific site factors such as meteorology or
population distribution.

The Commission’s objective as stated irn the Safety
Goal Policy Statement was to define an acceptable
level of radiological risk from nuclear power
plant operation. This was done and the
quantitative health objectives (QHOs) of 0.1
percent of ~1l other accidental and latent cancer
death causes were established to measure
achievement of the policy goals. The Cowmission
also stated that by establishing a level of safety
considered to be safe enough, public understanding
of regulatory criteria and public confidence in
the safety of operating plants would be enhanced.
As such it is important that the definition chose.
for the large release subsidiary objective comport
with a realistic and practical assessment of what
constitutes such a release. The staff envisions
that many current regulatory issues will be tested
for conformance with the safety goals. For
example, the Commission has recommended that IPE
results be compared with the safety goals to
enhance understanding of the adequacy of existing
regulations. The success of this, as well as
other future efforts aimed at gauging the extent
to which current regulations are consistent with
the safety goals, hinges on how well subsidiary
goals, such as the one discussed here, .lend with
and complement the primary qualitative and
quantitative objectives.
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The ACRS has proposed a five level safety goal
hierarchy to facilitate a "top-down" approach to
implementation (Ref. 2):

Level One = Qualitative Safety Goals

Level Two = Quantitative Health Objectives

Level Three Large Release Guideline (A general
plant performance objective)
Performance Objectives

Regulations and Regulatory Practices

Level Four
Level Five

Levels Two, Three, and Four of the hierarchy
address the gquantitative targets of the Safety
Goals with the Level Two objeci.ives being the QHOs
pertaining to early and latent mortality risks.
The ACRS recommended that the large release
guideline proposed in the Safety Goal Policy
Statement be adopted, as shown above, as a Level
Three performance objective.

The ACRS has also suggested guidelines, which have
been further developed by the staff, to link the
hierarchical levels of the Sifety Goal objectives.
According to these guidelines each subordinate
level:

1. Should be consistent with the level above,

2. Should not be so conservative as to create a
de facto new policy,

- I Should represent a simplification of the
previous level,

4, Should provide a basis for assuring that the
Safety Goal Policy objectives are being met,

. Should be defined to have broad generic
applicability,

6. Should be stated in terms that are
understandable to the public, and

y ¥ Should generally comport with current PRA
usage and practice.

SECY~89-102 provided a comprehensive discussion of
the attributes of candidate definitions of a large
release that have beer considered to date.
Definitions previously considered include a wide
range of options:

1. The definition provided above and previously
recommended by the staff.
2. The idea of a conservative individual dose to

a member of the public at the site boundary,
such as the 25 REM whole body guideline value
in 10 CFR Part 100 or alternatively, an
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This definition would not reguire detailed
calculations of fission product release. However,
it is iimited in its application to reactors
having conventional containments. In effect, it
states that the mean probability of early
containment failure or significant bypass from
severe accidents should not exceed 1 in 1,000,000
per reactor year.

While conceptually easy to understand, practical
application of this definition for regulatory
purposes would reguire much additional guidance
and ‘nterpretation. For example, in using the
term "early failure" the staff recognizes that a
real challenge exists in arriving at a consensus
as to what timing is implied by use of the term
"early." 1Is it early in relation to accident
initiation, core degradation, vessel breach, or
core concrete interaction? 1In addition, how long
does the early failure interval last? It could
vary depending on the sequence. There is an
associated problem in defining containment
failure. 1Is it a specific leakage significantly
in excess o. the design leakage rate, for example,
100 percent per day, or is it at the time at which
a theoretical containment building maximum strain
level is achieved? Also, how would variations in
power level be included?

Of particular importance in "significant bypass"
of the containment is whether the bypass path
alluws for water pool scrubbing of the release
before it reaches the environment, for instance,
via the suppression pool in a BWR containment. Tt
is generally accepted that, although limited
containment bypass did occur at TMI-2, it was
through a water-filled pathway and was not
significant in magnitude, and so should not be
considered a large release under this definition.
Another mitigating effect on the release magnitude
might be "plate-out" effects which would come into
play if the release path outside containment
involved long piping runs, such as via an
interfacing systems LOCA event.

Some insight on the application of such a
definition can be gained by looking at NUREG-1150
results. For example, the second draft of NUREG-
1150 indicates that, for the Surry nuclear plant
which is well within the QHO guide)‘nes, the mean
frequency of containment bypass ¢/ acident with
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core melt was 5 in one million, while the mean
frequency of early containment failure coincident
with core damage was 3 in ten million. Thus
determining whether or not the proposed definition
i# met would be highly dependent upon what is
considered "significant," “early," and
"containment failure." For instance, in NUREG-
1150 "early" was definea for PWRs as within a few
minutes of vessel breach.

The second alternative definition presented is
based on offsite consequences. However, rather
than comparing plant specific offsite
consequences, the staff proposes that a spectrum
of sites be considered tn establish representative
site characteristics. These site characteristics
would take into account factors such as
meteorclogy and population distribution. Fronm
these eite characteristics, the staff will
determine a value for an accidental radicactive
release to the environment that would have the
potential for causing doses high enough tha%t one
or more early fatalities are probable at the
representative site. 1In other wr.ds, Safety Goal
Objective Level Three would define a large release

to be a release of predeterminsd magnitude, as

follows:

A large release is a release of
radiocactivity from the containment to
the environment of a magnitude equal
to or greater than: (An amount, to be
determined by the staff, expressed in
curies or fraction of the core
inventory, which has the potential,
based on representative site
characteristics, for causing one or
more offsite early fatalities.)

In this definition, the magnitude of the source
term release may be expressed as curies (or
"equivalent curies") or fraction of the core
inventory of chemical elements that represent the
radionuclides present at full power operation.
Appropriate provision will need to be made to
address significant variations in power levels, if
the definition is stated in terms of fr-ction of
core inventory released.

This definition would be based upon the same
calculational tools and practices used in NUREG-
1150, including the offsite consequence
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calculational technigues employed in the MELCOR
Accident Consequence Code System (MACCS) which
considers the effects of various accident
sequences, source terms, and siting.

Use of the NUREG-1150 methodology would ensure
that the "arge release definition so obtained
would be reasonably congistent with the 0.1
peraZic QHOs and would not exceed the order of
magnitude conservatism that the Commission
recognized to exist with the prior SECY=-89-102
large release propousal.

The effort to determine the release magnitude
would focus on highly exposed individuals to
determine the release required for an early
fatality in a fashion identical to that used in
NUREG-1150. That is, the weighted probability of
an 7arly fatality over the exposed population,
given site and source term factors, would be
determined. The source term factors include the
timing of the release, its path to the environment
and energy content, and tne biological
effectiveness of the varicus radionuclides. The
site factors include population distribution and
meteorology. It is expected that th- early
offsite fatalities will be dominated by events
involving early containment failure or bypass.
Therefore, it is expected that the assumptiocns
used for emergency planning sarly in the accident
sequerice will not be critical and that the
magnitude selected for a large release will be
independent of emergency planning assumptions
early in the accident sequences. The staff
intends to confirm this by evaluating the effect
of various emergency planning assumptions as part
of the analysis.

The Jarge release magnitude obtained would be
valid for current and future light water reactors
(LWRs). If the definition of a large release is
cast in the form of release magnitudes or
fractions of each of the radionuclide groups, it
is not likely to be valid for non-LWRe such as
liguid metal or high temperature gus cooled
reactors because the relative releases of various
radionuc’ides are expected to be very different
from LWR values. On the cther hand, if the large
release were to be cast in the form of a number of
equivalent curies, i* might remain reasonably
valid for future non-LWRs. In either case, the
differing nature of radiuvnuclide release for
non-LWRs would have to be addressed.
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The second draft of NUREG-1150 found that, using
the definition of a large relea.» as one which
results in one or more offsite early fatalities
with a probakility of one in a million ar
reactor~year, all fi - plants successfu.ly met (or
met with margin) thi standard for interral
events, For Sequoya' a plan’ whose mean response
comes relatively c.os:. to the standard, the
radionuciide release fractions (at the i0*
preobability level) included approximately all the
nohle gases, 20 percent each of the iodine and
cesium, and iess than one percent esch of the
other radionuclide groups. Based on "reliminary
estimates, the Chernobyl release excecded these
levels (Ref. 3). Note, however, that Sequoyah was
influenced primarily by the bypass mode of
containment failure and that release fractions and
timing based on other seguenres or plants may
consist of significantly uifferent rolative source
term fractions. Accordingly, in developing the
large release magnitude the staff would evaluate
the variations in the makeup of source terms
conforming to this definition of a large release
by considering different acciden: seguences and
different nuclear plant site characteristics to
cover a range of important parameters. The intent
of this evaluation would be to consider a wide
variation of potential accident seguences and site
characteristics prior to recommending a value for
a large release.

Adoption of this definition retains the advantages
put forth in support of the original staff
proposal, and it addresses the concerns raised by
the Commission and the ACRS. For example, it
would explicitly focus on the magnitude of an
accidental releace and not site characteristics.
This would facilitate understand .ng by the general
public as well as plant designe-s and it would
clearly imply a release much Jarger than that at
TMI-2, but potentially smaller than the Chernobyl
release., Because it would have been derived
through an examination of a wpectrum of
representative sites, it would eliminate plant
specific site considerations from entering into
its application, including the need to rely on a
Level III PRA, since the magnitude of the release
would have already teen established.

This alternative has the additirnai advantage that
it could be more straight forwsrdly applied to
existing as well as future LWR plants than the
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vee information developed for NUREG-1150 to ensure
consistency.

The staff believes that either definition
aiscussed ubove could accomplish the objectives
required of it in the safety goal hierarchy. The
first alternative definition (early containment
failure or siynificant bypass) would not require
detailed calcul:tions of fission product release,
would be independent of site characteristics, and
would be conceptually easy to understand.

However, it would require much interpretation and,
to mr ntain its simplicity, would likely cover a
rang. of release magnitudes and offeite
fatalities. The second alternative definition is
potentially more precise since it would include an
explicit statement of the release magnitude
itself. It would not depend upon plant power
level nor the existence of a containment
structure. Finally, it would not require
desijners to perform a Level I1I1I PRA to implement,
but rather would b» based upon the methodology and
precedent established by NUREG~1150. In the
staff’s view, it also would be subject to less
interpretation than the first alternative
definition, Accordingly, the staff believes that
the second alternative definition is the more
practical alternative.

The Office of the General Counsel las reviewed
this paper and has no legal objections.

The staff recommends that the second proposed
definition for a large release »e pursued. The
staff has outlined the elements of the proposed
definition which it believes will best function as
the third level in the safety goal hierarchy.
Additional effort is needed to convert them into a
useable form. This effort is included in the Five
Year Plan and funding to accomplish it is included
in our FY-1991 budget. The staff believes that
this effort ca be completed within 6 monthe from
Commission approval,

v
James M. ;Eylor

rd
[ _Axecutive D rector
for Operations
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