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ABSTRACT

The status of nuclear safety research and development
in the U.S. is presented with particular emphasis on work
performed by Brookhaven National Laboratory. The nuclear
safety program in the U.S. encompasses safety of the current
generation of operating commercial reactors, safety-related
design of the next generation of advanced reactors, and
safety activities for the reactors owned by the U.S.
Department of Energy. The broad topical areas of safety
research include (but are not limited to) severe accidents,
reliability/risk assessment, human performance, thermal-
hydraulics, plant aging, seismic, and structural studies.

INTRODUCTION

Much progress has been made in the U.S. in the area of
reactor safety as a result of accomplishments in programs
sponsored by the U.S. Nuclear Regulatory Commission (NRC),
the U.S. Department of Energy (DOE), and commercial nuclear
power industry. This work has led to the development of a
sound knowledge base from which the operation, maintenance,
and future design of reactors can proceed in a safe manner.
In some areas, such as severe accidents and human
performance, the research has been ongoing for more than a
decade. In other areas, such as the performance of passive
safety systems and the use of digital control systems, the
research is relatively new.

This paper will selectively survey some of the current
trends in reactor safety research with examples taken from
programs at Brookhaven National Laboratory.

SEVERE ACCIDENTS

In the research program for light water reactors, the
severe accident studies have been primarily focussed on
phenomena that occur in the containment building. This
includes hydrogen combustion, core-concrete interactions,
core debris coolability, direct containment heating (DCH),

*This work was sponsored by the U.S. Department of Energy
under Contract DE-AC02-76CH00016. MASTER



and containment shell integrity (BWR Mark I) in the presence
of flowing core debris. Future efforts by the NRC will
include studies of the late phase of in-vessel core melt
progression in order to obtain a better definition of the
thermal loading and potential failure modes of the lower
vessel head.

Current information from DCH studies indicate that
large, dry containments are not likely to fail early
(shortly after vessel failure). For the BWR Mark I
containment, it is concluded in NUREG/CR-5423, that shell
failure is extremely unlikely when water is present on the
drywell floor. The ongoing core-concrete test programs are
aimed at validation of computer codes (e.g. CORCON M0D3).

A new test facility for the combustion of
hydrogen/air/steam mixtures is being designed and operated
at Brookhaven National Laboratory. This project is jointly
sponsored by the U.S. NRC and by MITI/NUPEC of Japan. The
facility will be operated at very high temperatures (several
hundred degrees C) and will investigate phenomena related to
detonability. The information obtained from these studies
is expected to be useful for understanding extreme severe
accident conditions, such as DCH. To date, a small-scale
demonstration facility has been built and operated and
preliminary data has been obtained in the high-temperature
regime. The full scale facility will be 3 times larger with
cylindrical dimensions of approximately 0.3 m (diameter) by
20 m (length) and is expected to be in operation in mid-
1993.

RELIABILITY/RISK ASSESSMENT

The techniques of reliability and risk assessment have
gained increased acceptance in reactor safety analysis and
are often used to support decisionmaking on complex issues
related to reactor operation. The areas of technical
specification improvement and individual plant examinations
(IPE) rely heavily on these techniques.

Probabilistic risk assessments are being performed for
low power and shutdown conditions for a BWR and a PWR.
Sandia National Laboratories is performing the study for a
BWR (Grand Gulf) and Brookhaven is performing the study for
a PWR (Surry). Both plants were part of the NUREG-1150
Severe Accident Risk study which evaluated risks under full
power operation conditions. The Brookhaven study is being
performed with close cooperation of the Surry staff. This
is essential to understanding the expected plant and
operator responses to a variety of potential accident
scenarios for low power and shutdown conditions. It was
found that the core damage frequency for these conditions is
comparable to that of full power operation. The core damage
frequency is dominated by the failure of the plant



operational staff to mitigate the accidents. In the
quantification, there is a large uncertainty in the human
error probabilities which reflects the training, procedures,
and instrumentation available to the operators to respond to
accidents at low power and shutdown. The evaluation of the
consequences of these accident scenarios is ongoing.

ADVANCED REACTORS

Several advanced reactor concepts are being reviewed by
the NRC for possible design certification under the "one-
step" licensing process described in 10 CFR 52. The
evolutionary designs by General Electric (ABWR) and by
Combustion Engineering (System 80+) are receiving near-term
attention by the regulatory staff. Confirmatory research is
being performed for the passive advanced light water reactor
designs of Westinghouse (AP600) and of General Electric
(SBWR). Both designs have a 600 HWe capacity and rely on
passive safety features to prevent and mitigate accidents.
Because of the novelty of these designs, both the vendors
and the NRC have developed separate effects and scaled,
integral tests to evaluate the core and containment heat
removal capabilities of these designs.

Brookhaven has several programs underway in the area of
advanced reactors under NRC sponsorship. These include
studies of advanced control room concepts, reliability of
passive systems, severe accident analysis, thermal-hydraulic
evaluations, and seismic and structural evaluations. In
addition to the concepts mentioned above, Brookhaven has
performed evaluations of the modular high temperature yas-
cooled reactor, the modular liquid metal cooled reactor
(PRISM), CANDU3, and PIUS. A detailed evaluation of the
PIUS design using failure modes, effects and criticality
analysis (FMECA) and hazards and operability (HAZOP)
techniques has been performed by Brookhaven to confirm the
safety of the design. Thermal-hydraulic and core physics
analyses were also performed to support the design
assessment. With the exception PIUS and CANDU3, the
advanced reactors mentioned above have received support from
the U.S. DOE.

PLANT AGING

The nuclear power plant aging research provides useful
information for aging management of operating plants (and
also future designs) and for the licensing renewal process
(10 CFR 54). Much information has been obtained in the
research programs over the past decade and an excellent
summary of recent work is contained in the Proceedings of
the 1992 Aging Research Information Conference, NUREG/CP-
0122. This includes work on vessel and primary boundary
integrity, electrical and mechanical systems and components,



and containments. As a result of the accomplishment in this
work, the aging research program will be brought to closure
in the next few years.

Brookhaven has been a part of the NRC nuclear plant
aging research program (NPAR) for more than eight years.
Our work has focussed on aging assessment and testing of
electrical and mechanical components and systems and on
reliability and risk analyses and model development related
to aging degradation with time. In addition to identifying
aging effects on systems and components, the program has
identified methods for detecting and mitigating the effects
of aging. The results of this work have been disseminated
to industry and have been input to standards on plant life
extension and on maintenance practices.

NUCLEAR SAFETY SUPPORTED BY DOE

In addition to the work on the safety of advanced power
reactors, DOE sponsors the design of the Advanced Neutron
Source. This facility will provide the world's highest
thermal neutron flux for studies of the properties of
condensed matter. Brookhaven participates in the safety
design of this facility by performing reliability/risk
studies which help to guide the final design. Brookhaven
also performs safety studies of its own High Flux Beam
Seactor in the areas of risk assessment, primary coolant
boundary integrity, neutronics, and thermal-hydraulics.

Brookhaven assists DOE in its safety assessment of
other research, test, and production facilities within the
DOE complex. It also provides technical support to DOE in
the development of standards and orders.

A new initiative for DOE is the establishment at
Brookhaven of an International Safety Project Office for the
purpose of providing U.S. technical support for the safety
of Soviet design reactors in Eastern Europe and in the
former Soviet Union. The current focus of this effort is
operational safety, training, and interim risk reduction
measures.

SUMMARY

Nuclear reactor safety research and development is
being conducted through many programs in the U.S.
Brookhaven National Laboratory is participating in many ways
in these programs and has made several significant
contributions in the nuclear safety field. Finally, as part
of our commitment to the development and exchange of safety
knowledge and practices worldwide, we continue to
participate in bilateral and multilateral international
safety programs.


