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SUMMARY

The licensing approach which ensures adequate protection of the public
health and safety against serious accidents is described. This paper
describes the role of core melt and core disruptive accidents in the design,
safety research, and licensing processes, using the Clinch River Breeder
Reactor (CRBR) as a focal point. Major design attention is placed on the
prevention of these accidents so that the probability of core melt accidents
is reduced to a sufficiently low level that they are not treated as
design basis accidents. Additional requirements are placed upon the design
to further reduce residual risk-

This licensing process is supported by a confirmatory research program
designed to provide an independent basis for licensing judgements. It has as
a goal the resolution of generic safety issues prior to the establishment
of a commerical LMFBR industry. The program includes accident analysis,
experiments in materials interactions, aerosol transport and system integrity
and planning for new safety test facilities.

The problems are approached in an multi-disciplinary functional manner
that identifies key safety issues and centralizes efforts to resolve them.
The near term objectives of the program support the licensing of the Clinch
River Breeder Reactor (CRBR) and the proposed Prototype Large Breeder Reactor
(PLBR)o The long term objectives of the program support the licensing of
commercial LMFBRs during the late 1980's and beyond.

This safety research is designed to provide an independent basis for the
licensing judgements which must be made by the Nuclear Regulatory Commission.
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1. INTRODUCTION

Although there are other possible or potential LMFBR accidents which
could lead to plant damage and/or the release of radioactive material to
the environment, the subject of LMFRR accidents has in the past been
dominated by consideration of whole core accidents. These considerations
have included how to prevent whole core accidents, estimate their proba-
bility, evaluate the processes involved, determine the structural consequences,
and evaluate the health effects. Also considered are whether and how to
design containment systems to cope with whole core accidents, and the conduct
of development work on these topics. Each of these topics is, in itself, a
complex matter.

There is a legitimate concern on whether the subject of whole core
accidents warrants the attention that it is receiving. It seems quite
clear that whole core accidents represent the greatest potential for
releasing radioactive material to the environment; howaver, the low event
probabilities and the mitigating features reduce the public risk to low
levels. There are uncertainties and unknowns in these aspects. In addi-
tion, some of the aspects are simply not obtainable in the time frame of
interest.

One of the reasons for interest in whole core accidents is the percep-
tion that these events represent a much different order of magnitude for
potential harm than other events. The current concern for nuclear weapons
proliferation and the place that the LMFBR and its fuel cycle occupy in
this problem, is based on this same kind of perception of the potential
for extreme harm even if probabilities are considered low. The weapons
proliferation risk may require changes in the current LMFBR designs and
fuel cycle.

The purpose of this paper is to provide a description of the current
United States Nuclear Regulatory Commission staff rationale and positions
in some of these matters and to thereby illuminate our positions by
focusing on the Clinch River Breeder Reactor. In addition, some of the
significant safety research work being done by NRC is described.

2. LICENSING APPROACH

2.1 The Role of Whole Core Accidents

The role of whole core accidents in LMFBR design and safety evaluation
has changed over the past decade, but the perceived change in treatment,
particularly regulatory requirements, has been more dramatic than the
actual changes. This is particularly true if the general gains in knowledge
and evaluation ability which permit more precise assessments are separated
from the basic approach. Whole core accidents vtere used to evaluate the
adequacy of the containment provision în EBR-II, Enrico Fermi, SEFOR, Phénix,
PFR, FFTF, SNR-300, and Creys-Malville. Tt appears that whenever those
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ultimately responsible for decisions saw that the accident evaluations
indicated an inability to satisfy containment requirements, the design
was improved to remedy the deficiency. This gives the general sense that
whole core accidents have historically been used as design basis events,
although the precise meaning of this categorization and the implementing
details have differed from time to time and place to place.

There are people who believe that the topic of prevention of whole
core accidents should receive essentially all the attention because this
will result in the safest reactor, and that once the probability of whole
core accidents has been reduced to a low level, consideration of other
aspects, such as evaluation and accommodation, should be reduced to a low
level. This is an attractive approach, but hardly a practical one considering
the present state of technology and experience if a necessarily rigourous
attitude is adopted about proof that the accidents have been prevented.

Another alternative approach is to reduce the probability of a whole
core accident to a low level, use "best estimate" analyses to show that
there is a very small chance that the accident energy release will exceed
the energy absorption capabilities of the reactor system, upgrade any
weakness in the energy absorption capabilities of the reactor system to
an optimum level, and provide long term retention of fuel debris according
to "best estimate" analysis. This is a valid approach if the "best
estimate" evaluations can be established as the most likely, and if the
energy absorption capabilities inherent because of the non-accident
functional design are sufficiently large. The first condition is not
likely to be met soon because the events are not sufficiently understood
to assign probabilities. The second condition is highly sensitive to the
design.

A more conservative approach is to treat whole core accidents as
design basis events. This requires that evaluations be conservative,
that containment systems be designed for long-term highly ensured integrity,
and that calculated off-site doses be strictly limited by engineering
safety features. This approach was suggested by the USNRC staff, during
the earliest stages of interaction with the designers, as an approach which
would best ensure that the design, as it eventually developed, would not
be found fundamentally deficient from a public safety viewpoint. This
seemed to be a proper decision in view of the state of design and technology,
the avowed urgency of the project, and the need to make fundamental and
expeditious decisions about the design. There were potential penalties
associated with this approach if costly provisions were later found to
be unnecessary. The decision-making process therefore had to balance the
need for early decisions, the cost of conservative decisions, and the risk
of non-conservative decisions.
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With the passage of time, the USNRC staff obtained and reviewed more
of the design, interacted extensively with the designers, received and
reviewed the Reactor Safety Study for light water reactors (WASH-1400), and
performed independent safety evaluations. The staff determined that the
CRBR should be at least as safe as current LWRs and evolved a licensing
posture which specified that whole core accidents must be made sufficiently
low in probability as to not be design basis accidents, but that provisions
must be made to limit the public health consequences of these events. The
first part of this specification parallels the regulatory position in light
water reactors; that is, core melt events must be prevented so as not to be
design basis accidents. The second part arises from the recognition that
LWR designs have an ability to accommodate core melt events to some degree,
as revealed by the Reactor Safety Study, so the regulatory staff required the
same kind of capabilities for the Clinch River Breeder Reactor. In addition,
the staff specified that the design take into account the unique aspects of
the LMFBR; namely the use of sodium as the coolant, the potential for
energetic whole core accidents, and the potential to vaporize plutonium. The
general treatment of these accidents, which are beyond the design basis
spectrum, does net impose the dose guidelines used for design basis events
or site suitability, does not combine loadings from independent events with
whole core accident loads, allows materials and structures to exceed their
normal service ranges as long as the required functions are reasonably assured,
and does not require that a bounding treatment be used in the analyses. For
the Clinch River Breeder Reactor, the staff specified a whole core accident
energy level, discussed later, and specified that the containment system must
remain intact for at least 24 hours after the accident. This requires that
the consequences of energy release and meltdown be accommodated in a manner
which protects the containment system.

2.2 General Safety Criteria

A foundation stone for the treatment of whale core accidents is that
they be of very low probability. To help ensure this, the plant design must
be sound, conforming to a broad range of requirements and recommended practices.
This is generally done within a framework which embodies three levels of safety.
This multi-layered safety concept requires that nuclear power plants be designed
and constructed to conservative standards and engineering practices so that
there is a large tolerance for operator errors, off-normal operation, and
component malfunctions, and a high probability that they will operate without
failures or malfunctions that lead to accidents. It is also necessary to
anticipate that some incidents or malfunctions will occur during the life
of the plant and to provide measures and features to cope with such events»
The third level of safety is based on the conviction that it is prudent to
go beyond the first two levels of safety and requires that additional features
and margins be incorporated in the plant design to protect the public from the
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consequences of certain highly unlikely events. The postulated events
in the third level of safety are used to establish a set of design basis
accidents (DBAs), and systems and features are designed to control these
accidents so that the consequences of accidents within the design basis
envelope are within the radiological dose guidelines of the Commission1s
siting regulations,

To help provide detailed guidance to the designers, the USNRC staff
prepared General Design Criteria for the Clinch River Breeder Reactor which
parallel those utilized for light water reactors. These criteria, along
with the general approach to safety and the specifications for dealing with
whole core accidents, establish a solid framework for licensing decisions
on the CRBR comparable to that utilized for light water reactors.

2.3 Key Safety Features

To help ensure that the probability of core melt and disruptive
accidents is low, the NRC staff is emphasizing and requiring the achieve-
ment of an adequate degree of diversity, redundancy and reliability in
key safety features and aspects of the design. Proper implementation of
the staff requirements in these areas will assure that the probability
of whole core accidents are sufficiently unlikely to justify their exclusion
from the design basis accident spectrum.

Based on safety evaluations of CRBR thus far, the staff considers the
minimum features and characteristics, including the associated accident
prevention requirements, identified below as necessary for CRBR to accomplish
its safety objectives.

1. At least two independent, diverse, and functionally redundcint
reactor shutdown systems should be provided.

?.. At least two independent, diverse, and functionally redundant
decay heat removal systems should be provided.

3. Means to detect subassembly faults, to cope with these faults,
and to protect against progressive subassembly fault propaga-
tion, should be provided.

4. The heat transport system integrity should be very high, and
assured on a continuing basis by incorporating systems for
leak detection, by making provisions for pre-service and in-
service inspection, and by providing materials monitoring
over the long term.

5. The containment system should be protected from the effects of
sodium releases in the equipment cells, particularly those cells
containing the main heat transport system equipment. Dispersed
releases of sodium into these cells should be considered in
determining the cell design pressure and the required cell
structural capability.
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In addition, the staff had required that the containment system be
designed such that a release of the core noble gases, one-half the halogens,
and one percent of the core plutonium will not result in excessive off-site
doses»

2.4 Accident Energetics

The problem of energetics from LMFBR whole core accidents is receiving
wide attention both in the U.S. and in other countries. In current designs,
the sodium void coefficient is positive. The CRBR, for example, has a
maximum void worth of about 4$, and the fuel is not distributed in its most
reactive geometry, thus allowing the possibility for fuel to evolve into a
more reactive configuration,, These two positive feedback mechanisms, to-
gether with steel motion reactivity effects can, separately or in combination,
produce large ramp rates at prompt critical, and associated energetics,, The
major mitigating effects (negative feedback) are Doppler reactivity and fuel
dispersion.

For the CRBR demonstration plan, the NRC staff calculations for a spectrum
of accidents indicate that large energetics must be considered, of about 1000
megajoules due to fuel vapor expansion to one atmosphere. Even though the
CRBR applicant reached different conclusions, i.e», the accident terminates
in a non-energetic manner, our evaluations indicate that fuel dispersion that
could lead to non-energetic termination is not sufficiently established as an
operative phenomenon during certain phases of the accident evalution to make
such an assumption. The NRC staff position in this matter is fully described
in the staff report (An Analysis and Evaluation of the Clinch River Breeder
Reactor Core Disruptive Accident Energetics).

3. SAFETY RESEARCH

The uncertainties in the state of knowledge about whole core accidents
has fo.ced some assumptions that are potentially conservative, but the level
of conservatism is not quantified. Since there seems to be a general trend
that accident consequences and effects grow larger as the power plants grow
larger, there is a significant incentive to reduce the level of uncertainties
at a rate at least equal to plant size growth rate. It appears that large
margins for error or uncertainty simply cannot be afforded in containment
design to cope with whole core accidents in large reactors. The role of
safety research is to gain knowledge about these events, and should permit
removal of identified conservative assumptions. The NRC conducts safety
research in a number of LMFBR-related areas, as partially described below,
to confirm, without duplication, the findings of others and to add to the
state of technology. This activity also provides a vital degree of in-
dependence for the Regulatory staff in reaching technical decisions since
this reduces reliance on an applicant's information and maintains technical
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competence. There are areas, such as containment of core debris following
a whole core accident, where the NRC safety research is the major effort
presently being conducted in the U.S.; this will help the Regulatory staff
make sound judgements on what should be required in reactor containment
designs.

3.1 Initiating Phase

This research area consists of a comprehensive examination of potential
accident initiators which can lead to significant core damage, including
development of methods to treat sodium boiling and expulsion, propagation
of local faults, and the initial phases of accidents caused by whole core
initiators. A special concern is the potential for autocatalytic effects
during the early phases of an accident which could transform relatively
benign accidents into highly energetic disassemblies»

The initiating phase accident analysis is closely related to an
understanding of fuel pin failure dynamics, primarily the threshold and
axial location of fuel failure, and the motion of fuel. The major part of
the work involves transient testing of prototypic irradiated fuel elements,
although some fresh-fuel work is relevant. Testing has been performed by
ERDA in TREAT and will be continued in the SLSF loop in ETR and later in
the modified EBR-II. The NRC work will concentrate on checking ERDA results,
analytical modeling of important phenomena, and possibly some small phenom-
enological experiments,, There may be NFX participation in testing in any
large new test facilities.

3.2 Disruption Phase

This research area consists of analytical examination of the core
disruptive accident. It requires the integration of phenomenological models
for potential interactions between core, structural materials and coolant,
modeling of material motion and associated reactivity effects, and the
estimation of energy partition in the system. Two major programs are under-
way in this area. A large code called SIMMER which follows the motion and
neutronics of LMFBR cores during core disruption, is under development. A
critical experiment program on badly distorted cores is planned in 1977 to
provide a benchmark verification of SIMMER neutronics. The effort includes
an experimental program to support fluid dynamics model development and
experiments to validate the equation of state.

3.3 Heat Transport Systems

This area is concerned with the development of methods for the analysis
of LMFBR system dynamics. It includes the modeling of each of the components
and subsystems in the reactor plant and integrating them into a comprehensive
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analysis tool. The range of failures to be considered range from the rapid
loss of core flow following a severe rupture of the primary coolant loop to
the slow and possibly progressive deterioration of the system during long
term decay heat removal. A computer code, the Super Systems Code, which
accomplishes these objectives, is under development at Brookhaven National
Laboratory.

A computer code, COMMIX, is under development to stu-Jy natural flow in
three dimensions, primarily to study the flow and temperature in an LMFBR
core during loss of flow conditions.

3.4 Material Interactions

The NRC is sponsoring a confirmatory research program to investigate
the material interactions associated with performing post-accident con-
tainment safety evaluations. The principal investigations in this area
include sodium-concrete reactions, sodium interactions with steel-lined
concrete cells, core debris interactions with concrete, and core debris
interactions with core retention system materials. The first two areas are
necessary in assessing the adequacy of the containment to withstand sodium
spill accidents into inner containment system cells, such as the reactor
cavity and primary heat transport system cells. The latter two areas are
crucial to assessing the capability of the CRBRP to withstand core meltdown
accidents so chat the containment system does not fail.

Tests using sodium and molten fuel are being conducted to reproduce
the environment of the containment cells under accident conditions on a
relatively large scale to obtain information on heat transfer rates, molten
pool penetration rates, chemical reaction rates, gas evolution rates,
cracking and spallation, and the extent of core debris fragmentation and
leveling in the presence of sodium.

3.5 Aerosol Release and Transport

Experiments simulating the generation and behavior of aerosols within
an LMFBR containment system following a whole core accident are being carried
out. Experimental programs include aerosol behavior at high densities in
containers up to 20 meters tall with fu<3l and sodium compounds,

3.6 Safety Test Facilities

A significant effort on the part of NRC is oriented toward defining
the requirements and characteristics of new safety test facilities being
developed by ERDA to ensure that the technology needs for future licensing
decisions are met. These facilities will augment the capabilities of TREAT,
SLSF, and ACPR by providing an improved environment for studies on propagation,
fuel-coolant interaction, fuel motion, and meltdown phenomena. Advanced
instrumentation is a major part of this development effort.

This paper has presented briefly a description of the safety positions
of the USNRC staff on current LMFBR designs, and an indication of the
technology areas being investigated' by NRC to provide a sounder technical
basis for future licensing decisions. These positions and efforts reflect
the fact the licensing decisions are fundamentally technical decisions.
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