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ABSTRACT

The U.S. Nuclear Regulatory Commission is
responsible for the regulation of the com-
mercial uses of nuclear power in the United
States in order to protect the public health
and safety. The NRC has undertaken a number of
initiatives to incorporate the experience
gained from the over 25 years of commercial
nuclear power plant operation. These ini-
tiatives are aimed at improving the regulatory
structure currently in place by providing for a
more predictable and stable regulatory en-
vironment and by more efficiently and ef-
fectively focusing the activities of utilities
on the safe operation of their facilities.

INTRODUCTION

The U.S. Nuclear Regulatory Commission
(NRC) and the Atomic Energy Commission (ARC)
before it have licensed over 100 nuclear power
plants over the last quarter of a century. In
the last decade alone, the NRC has issued
operating licenses for almost 50 nuclear power
plants. The United States nuclear industry,
the largest in the world, has close to 1000
r ;actor- years of cumulative reactor operating ex-

erience and has proven that well designed and
operated nuclear power plants are one of the
safest technologies for large scale production
of electricity.

The success of the U.S. program is based
in part on the regulatory structure that the
NRC/AEC put in place. This regulatory system,
developed prior to much commercial operating
experience, was built on a conservative safety
philosophy, which focused on "design basis
accidents" and incorporated "defense in depth"
concepts. This conservative philosophy has
been reflected in the U.S. industry's designs.
It is a regulatory philosophy which has been
adopted by many other countries. This structure
served the nation well during the early years
of the development of nuclear power.

However, in spite of the successes of this
regulatory structure, experience gained since
these early years has also identified some of
its weaknesses. For example, the accident at
TMI, while confirming the wisdom of the NRC's
conservative p-.fety philosophy and the strength
of the technical focus of its regulations, also
highlighted the mostly non-hardware areas, such
as operator training and human factors, which
had been given less attention by both utilities
and the NRC.

The challenge is for the NRC to incorporate
the lessons learned from the over 25 years of
commercial operating experience into its regu-
latory structure and to reinforce the strengths
of its system while correcting its weaknesses in
order to assure most effectively and efficiently
the protection of public health and safety and
the environment. This must be done while
meeting the statutory goal of supporting the
expansion of the peaceful uses of nuclear
energy. As a result of lessons learned, the NRC
has been shifting the emphasis away from de-
tailed prescriptive regulation toward more
general, performance-based requirements and has
been working to develop a more stable and pre-
dictable environment. The NRC's severe accident
policy, safety goal policy, and advanced reactor
policy are examples of this. In addition, the
tJRC, in a more cooperative approach, is en-
couraging and supporting the nuclear industry's
initiatives directed toward further excellence
in the U.S. industry.

This paper will look at some of the regu-
latory policies the NRC is currently pursuing or
has put in place to improve on the regulatory
structure in the United States.

BACKGROUND

The NRC is an independent agency chartered
in 1975 to replace in part the United States
Atomic Energy Commission. The NRC is re-
sponsible for reviewing applications and
issuing licenses to those who would build or
operate nuclear power plants in the United
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States, and for inspecting their activities.
Other areas of nuclear regulation relate to the
front and back end of the fuel cycle and the
uses of nuclear materials in industry, medicine
and research. In addition, the NRC's inter-
national activities include programs for the
exchange of nuclear safety information and for
the cooperative research and development ef-
forts in the safe civilian use of nuclear
power.

The commercial use of nuclear power
received its impetus in the United States and
worldwide from the famous "atoms for peace"
initiative of President Eisenhower in 1954.
To implement this initiative, the United States
adopted the Atomic Energy Act of 1954 which
established the Atomic Energy Commission to
both regulate and promote peaceful uses of
nuclear power in the United States and abroad.
An additional purpose of the Act was declared
to b^ the establishment of "a »rogram of in-
ternational cooperation to promote the common
defense and security and to make available to
cooperating nations the benefits of peaceful
applications of atomic energy as widely as
expanding technology and considerations of the
common defense and security will permit."

The United States commercial nuclear
program has been a success since its inception.
The difficulties encountered in recent years
must be placed in perspective. After the
Atomic Energy Act was passed in 1954, only a
few years passed before a prototype pressurized
water reactor was built and put into operation
in Shippingport, Pennsylvania, in 1957. That
reactor, which remained in service for a
quarter century, was the first reactor to
supply power to .a commercial electric power
grid, last year the NRC licensed the 100th
power reactor in the United States. Since
then, an additional seven power reactors have
been licensed and -mother thirteen units are in
various stages of construction. When all of
these reactors are operational it is esti-
mated that close to 20 percent of the U.S.
electricity production will be generated by
nuclear power. Nuclear power necessarily will
play an important role in meeting energy needs
in the United States in the years to come.

Because of the early United States
regulatory and operating success, many plants
in other countries also were built using United
States developed designs and technology. In-
formation developed to support the resolution
of technical issues, the defense-in-depth
design approach to safety, and other regulatory
activities of the NRC helped ensure that plants
using United States-based technology remain
safe. Just as operators in other nations
benefit from the many plant years of opera'ing
experience accumulated in the U.S., the U.S.
program can benefit from what operators in

other nations have learned about nuclear power
plant safety.

Regulation of nuclear power in the United
States developed gradually from a conservative
base. Initially, the regulatory philosophy
focused on a set of Design Basis Accidents or
DBA's. These were accident scenarios which were
conservatively chosen by the regulator to
envelop accidents that might be expected to
occur during the lifetime of the plant. Plants
were then required to be designed to cope with
these accidents. As a result of limited under-
standing of how the reactor would function under
certain accident conditions, the DBA's were
coupled with additional conservative and often
non-mechanistic assumptions concerning the
release of radioactive materials from the fuel
and the performance of various plant systems
during the postulated accidents. To ensure
adequate reliability, redundancy was required of
certain key s^.ety systems and "single failures"
were postulated. Finally, a "defense in depth"
approach was required to provide additional
conservatism in the plant designs. This
regulatory approach focused the efforts of the
utilities and the regulators on the design of
the reactor and a small set of safety systems.

As the technical understanding of reactor
safety issues increased and as more and more
operating experience was gained, new safety
concerns would arise. Each of these new safety
concerns was addressed by the addition of new
requirements aimed at the specific safety
concern. Many times these new requirements were
narrowly focused. Although each new requirement
was believed to provide some additional margin
of safety, there was no mechanism in place to
determine the impact on overall plant safety.
Tn addition, there was not always a clear
understanding of the impact on plant operations
from the imposition of these new requirements.
The extent of the requirements and the urgency
attached to them were driven by the regulators'
judgment of the safety significance of the
concern.

This ad hoc approach to addressing new
safety concerns lead to an ever-increasing and
complex body of regulations which governed the
design and operation of nuclear plants. That
these regulations were often very prescriptive
in nature was partly the result of the ad-
versarial relationship between the NRC and
utilities. The effect of this was often to
divert utilities' attention away from their
responsibilities of safe operation toward one of
compliance with the regulations. Seldom were
requirement;* reviewed to determine if they were
effective in light of new information or in view
of new regulations which may have been issued.

Compounding the lack of stability in the
regulatory environment was the two step process
of licensing reviews in the U.S. The second
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of these reviews was often many years after the
initial review. With the ever-increasing
number of regulations, the second review
resulted in the nuclear plants being reviewed
against different licensing criteria than those
to which they were originally Jesigned.
Because there was no clear view of acceptable
risk, there was a continuous effort by the NRC
to require these plants to meet all new
requirements, again without a clear under-
standing of the overall impact on plant safety
or complexity.

Tn 1975, the first major attempt was made
to assess the overall risk of reactors using
probabilistic techniques. In the Reactor
Safety Study (RSS) the Surry pressurized water
reactor and the Peach Bottom boiling water
reactor were evaluated using event tree and
fault tree methods to provide an estimate of
the risk of commercial reactor designs in the
U.S. Since then, the use of rigorous and
quantitative probabilistic risk assessment
(PRA) techniques, such as employed in the RSS,
have provided the opportunity for considerable
insight into potential plant vulnerabilities.
The.se techniques also offer the NRC a valuable
tool for judging the safety significance of
issues and for evaluating the effectiveness of
new or existing regulations in assuring the
overall protection of public health and safety.

The early experience, both in the United
States and in other nations, had demonstrated
that the nuclear plants were safe, reliable
generators of electricity. Then in March,
1979, the accident at Three Mile Island
occurred. This accident caused a considerable
reevaluation of the safety of nuclear plants.
This reevaluation helped identify some of the
weaknesses in the regulatory system which had
been put in place. The nature of the accident
focused particular attention on human factors
and emergency preparedness, and many of the
regulatory requirements which have come out of
TM1 have been in aret> •• other than the hardware
of the plant. Operating procedures, training,
monitoring and other similar areas received
special attention. In retrospect, TMI also
confirmed the safety of the light water
reactor, the efficacy of the design, and
highlighted the strengths of ;he regulatory
philosophy the NRC had in place.

Recently, the accident at Chernobyl has
again caused a reevaluation of the adequacy of
the designs of nuclear plants in the U.S. The
evaluation completed to date, while high-
lighting the importance of operator training,
conservative plant design, and other similar
areas, has again confirmed the strengths of the
U.S. regulatory philosophy.

ROLE OF THE NRC

The focus of the NRC has changed con-
siderably since the early 1970s. With over 100
reactors currently licensed to operate in
the U.S. and only 13 reactors actively under
construction, the activities of the NRC have
shifted from that of primarily reviewing plant
designs to that of monitoring plant operations.
The completion of many of the ongoing con-
struction activities and the fact that no new
plants have been ordered in the U.S. since 1978
will further frcus the NRC's activities on
assuring the safety of currently operating
plants. However, the principal role of the U.S.
NRC, and hence its regulatory goals, will not
change in the future from what they have been in
the past. That role is to regulate the com-
mercial use of nuclear material in order to
protect the public health and safety and the
environment and to provide for the common
defense and security. In addition the way the
NRC regulates must be consistent with and
complementary to the determination of the U.S.
Congress that the safe use of nuclear energy for
peaceful uses, particularly in the production of
electricity, is a legitimate and important goal.

Beyond this broad role of the NRC, there
are several other principles of regulation which
are also important and of which the NRC must be
mindful in the future. First, it is important
that the NRC not forget that its role is that of
a regulator and not that of a designer or
operator of nuclear power plants. Utilities are
responsible for the safe design and operation of
their facilities. The NRC should seek to
regulate in such a manner as to minimize the
number of regulatory requirements that it
imposes and to be as unobtrusive in its dealings
with those it regulates as is possible, con-
sistent with its statutory mandate of assuring
the protection of the public health and safety.

Secondly, it is important that the regu-
latory structure be as efficient and effective
as possible. The NRC should recognize that its
auctions, as regulator, focus the attention of
utilities. If its regulations are appropriately
focused on the areas essential to safe
operation, the proper focus of the utilities
will be reinforced. However, if the regulations
focus on the safety insignificant, as well as
the significant, the attention of utilities will
be diverted from their primary role of safe
operation of their facilities. The activities
of the NRC must continually be reevaluated in
light of experience to ensure that both its
focus and the focus of utilities is on safe
operation of nuclear facilities.

Lastly, dictated by the Congressional
intent of the expansion of the uses of nuclear
energy, the regulatory structure must provide a
stable and predictable environment. This stable
and predictable regulatory environment is not
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only important in the context of regulation of
•current activities but is also important in the
regulation of futu.,-2 activities. The NRC must
anticipate the needs of the future activities
and take full advantage of the experience
gained over the last decade to establish
policies that are forward-looking so as to put
in place a stable and predictable framework for
new plants. Without a stable and predictable
environment, there cannot be adequate planning
for the future.

The challenge for the regulator is to
develop a regulatory structure through the
development of regulations and the enforcement
of these regulations that recognises that the
utilities are responsible for safe operation
and which most efficiently and effectively
focuses the utilities' attention on their
responsibility and ensures accountability.
The NRC has taken or is in the process of
taking several steps to further these
broad goals.

PREDICTABILITY AND STABILITY

A predictable and stable regulatory
environment is important to allow for effective
allocation of resources to ensure safe opera-
tion of existing plants. In a rapidly changing
regulatory environment, the resources of
utilities can be diverted from safe operation
of their facilities toward coping with new
regulatory requirements. This is not to say
that there should be no changes in the regu-
latory structure. To the contrary, change,
based on insights gained from operating ex-
perience or a better understanding of reactor
safety issues, is essential to an effective
regulatory mechanism. However, change should
be the result of a deliberative process in
which there is a clear understanding of both
the objectives of the change and the impacts of
the change. This process of change has not
always been as effective as it should be.

During the 1970's, the number of regu-
latory requirements increased rapidly.
Although there was a need for many of these new
requirements, the number, pervasiveness and
timing of the requirements detracted from
utilities' ability to most effectively focus
their attention on safe operation. The
proliferation of requirements following the
accident at TMI-2 exacerbated the problems
utilities were having in coping with this ever-
changing environment. A number'of studies
concluded that the process of backfitting was
out of control. Safety benefits were often
unspecified and unquantifled, costs of com-
pliance were not evaluated and the overall
impact on safety was not considered.

In response to these concerns, the NRC
in late 1985 promulgated what is referred to
as the Backfit Rule. This rule attempts

to provide a disciplined approach to evaluating
proposed safety requirements. The rule has
several important regulatory principles embodied
in it. First, it requires a disciplined
approach to the evaluation of requirements such
that all relevant factors, including the impact
on overall safety, are considered in the
decisionraaking process. Second, it specifies
that once an acceptable level of safety is
achieved in an existing facility, any new re-
quirements to increase safety must be cost
effective. Finally, because of the impact on
the design and operation of a facility fron the
imposition of any new requirement, it requires
that the safety improvement be significant.

A determination of the level of safety that
is adequate to assure protection of public
health and safety is important in any regulatory
decisionmaking process. In response to the
recommendations of the Kemeny Commission Report
the NRC initiated efforts to develop an explicit
statement of its safety philosophy. This effort
culminated in the issuance of the NRC's Safety
Goal Policy Statement in August 1986. In this
policy statement, the NRC attempted to "broadly
define an acceptable level of radiological
risk." By doing this the NRC attempted to pro-
vide a measure for judging the adequacy or need
for current or proposed regulatory requirements.
This in turn should lead to more consistent
regulations and a more predictable regulatory
process. The specific goals that the NRC
adopted seek a level of protection such that
individuals and society will bear no significant
risk to hsnlth because of nuclear power plant
operation. Furthermore, the risk represented by
nuclear operation should be no greater than that
posed by other means of generating electricity
on a large scale. Currently, the NRC is devel-
oping guidance for judging whether a level of
safety ascribed to a plant is consistent with
these goals and for the use of cost-benefit
analyses in its decisionmaking.

It is also important that the NRC develop
policies which clearly define the processes and -
criteria it intends to use in reaching regu-
latory decisions on major issues. For example,
following the accident at TMI, the adequacy of
the then-current reactor designs to withstand
accidents more severe than design basis ac-
cidents was called into question. The NRC
considered at length the question of whether
additional regulations were required to improve
the ability of current plants to cope with
severe accidents. Numerous requirements were
issued to address the safety concerns which
arose from a detailed examination of the
accident. In addition, the NRC and the nuclear
industry sponsored research into the issues
involved with severe accidents. The results of
this research along with the results of a number
of plant specific PRA's finally led the NRC to
conclude in its 1985 Policy Statement on
Severe Accidents that existing plants, based
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on available info mat ion. pr^e no unduo risk tc*
public health and safety and that there was no
need for immediate action because of severe
accident risk. The approach the MRC intends to
pursue to resolve the remaining issues relating
to severe accidents is also described in this
policy statement. For existing plants, a
systematic safety examination of each facility
is envisioned to verify the no undue risk
conclusion or to determine if there are plant-
unique vulnerabilities which would need to be
resolved. Since the issuance of the policy
statement, the NRC has been working with the
nuclear industry to develop the guidelines and
criteria needed to evaluate each plant. It is
expected that each utility will complete these
individual plant evaluations over the next
several years. For future plants, the policy
statement outlines the decision process for
approval or certification of new standard
designs.

To further articulate the process for
review and approval of new standard designs,
the NRC is also working to revise its stand-
ardization policy. As envisioned, this process
would allow for certification of standard
designs through rulemaking. After this
certification process, the design could be
referenced in an application for construction
or operation without further review of the
design.or a need for a licensing hearing on the
design.

In another area aimed at future reactors,
the NRC, in August 1986, issued its Advanced
Reactor Policy Statement. This policy state-
ment outlines the NRC's expectations for ad-
vanced reactor designs. More importantly, it
also encourages early interactions between the
NRC and reactor designers in order that regu-
latory guidance can be provided early in the
process. Implementation of this policy state-
ment has already begun. The NRC is currently
working with ttie U.S. Department of Energy and
its contractors to review the conceptual
designs of three different advanced reactors.
These concepts include designs for a high
temperature gas-cooled reactor and for two
different liquid sodium cooled reactors.

Finally, looking toward the future of
existing nuclear plants, the question of
renewal of the existing forty year operating
licenses will become more important as the
expiration dates for these licenses approach.
The NRC and the nuclear industry already have
initiatives underway to identify the key issues
involved with plant life extension. Only by
identifying svd resolving these issues early
can there be effective planning for the long
term use of nuclear energy in the U.S.

EFFECTIVENESS AND EFFICIENCY

Tn addition to policies in place to provide
a more stable and predictable regulatory
environment, the NRC has undertaken a number of
initiatives which should lead to more efficient
and effective regulations. As stated earlier,
the utilities are responsible for safe operation
of nuclear power plants. The regulator must not
underestimate the complexity of this task. It
is as important not to impose requirements that
are overly restrictive or unnecessary as it is
to establish a minimum set of requirements that
will assure adequate protection of public health
and safety. The imposition of overly restric-
tive or unnecessary requirements results in the
allocation of utility resources to activities
that do not contribute effectively to increased
protection of public health and safety. It is
important, therefore, to incorporate the results
of operating experience and research into the
regulatory structure in order to eliminate
unnecessary or overly restrictive requirements
while at the same tine adding new requirements
where necessary to assure protection of public
health and safety.

The initial regulatory requirements which
came out of TMI were imposed at a time when a
full understanding of the accident had not been
obtained. They were made to address the safety
issues arising from the early assessments of the
accident. Subsequently, the NRC and the nuclear
industry began to look at the broader implica-
tions of TMI. For example, although the ac-
cident did severe damage to the reactor core,
causing a partial melting of the fuel, the
offsite consequences were far less than
predicted, and i.i fact were well below per-
missible standards. This caused a new, ex-
tensive look to be taken at the source term—the
name given to the inventory of radionuclides
that could be released to the environment
following a nuclear accident. The result of
this effort was the issuance of NUREG-0956,
"Reassessment of the Technical Bases for
Estimating Source Terms", in July 1986. This
was only one of the key products of a major
research effort aimed at providing a better
understanding of severe accidents.

Another equally important step in the
understanding of the risk from severe accidents
was the development and refinement of proba-
bilistic risk assessment. The Reactor Safety
Study in 1975 was the first major step in this
area. Since then, further progress in devel-
oping PRA techniques and completion of PRA's for
more than the two plants evaluated in the RSS
have lead to a better understanding of the risks
of nuclear power plants. More importantly, the
use of PRA provides a tool for evaluating the
risk significance of potential safety concerns
and provides a means for judging the effective-
ness of current or proposed regulations.
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The considerable progress which has been
made in understanding the phenomena involved in
severe accidents and in the use of probabil-
istic techniques is discussed in the Draft
KUREG-1150, "Reactor Risk Reference Document",
issued in February 1987. This document pro-
vides the results of major risk analyses of
fiv̂ e different U.S. light water reactors
(Surry, Zion, Sequoyah, Peach Bottom, and Grand
Gulf). It provides a data base and insights to
be used in a number of areas, including eval-
uation of the effectiveness of current regu-
lations and establishing priorities for al-
locating NRC resources. For example, in the
draft report, the five plants studied were
evaluated against the NRC's safety goals. All
of the plants were judged to have met the
safety goals, even considering the range of
uncertainties in the analyses.

PRA-based information and insights from
the severe accident and source term reassess-
ment programs have identified several areas
where a reassessment of existing regulations
might be appropriate. Several of the more
important areas include emergency preparedness,
equipment qualification and containment leakage
requirements. In addition to these potential
areas the insights from NUREG-1150 will be
useful in other areas. These include focusing
the NRC's inspection activities based on risk
importance of plant equipment and procedures
and improving the testing and surveillance
frequencies of the technical specifications.

Tn a related effort the NRC has had a
program underway since late 1984 to identify
systematically current requirements that have
marginal importance and if deleted or modified
would improve the effectiveness of the NRC
regulatory program or provide substantial
relief to the industry without adversely
affecting public health and safety. In an
initial report, a number of requirements were
identified for possible examination. From this
set, several issues were selected for a more
detailed risk and cost analysis to demonstrate
the risk effectiveness evaluation methods.
Based on these more detailed evaluations, a
decision can be made whether to modify or
delete the requirement. By eliminating or
modifying these requirements the NRC and
utilities will be better able to focus
available resources on significant safety
areas.

The NRC has also been incorporating the
results of other research into its regulations.
Results of research and PRA provided the bases
for acceptance of the "leak-before-break"
concept in the design of piping systems. This
change is expected to result in a decrease in
the number of pipe supports and pipe whip
restraints in nuclear power plants which will
result in reductions in occupational exposure
and substantial cost savings while improving

cver.ill p'j.r.t safety. In a proposed revision to
the requirements for emergency core cooling
systems, the NRC is incorporating information
gained from substantial research efforts to
allow replacing outdated and overly conservative
requirements. This will allow utilities greater
flexibility in their operations without reducing
the protection of public health and safety.

In a number of additional areas, the NRC
has deferred issuing detailed requirements and
instead is encouraging and supporting the
nuclear industry's initiatives directed toward
improvements in these areas. As the respon-
sibility for operation of nuclear power plants
rests with the utilities, they can most ef-
ficiently achieve improvements in safety through
their actions. If their efforts are effective
in addressing safety concerns, it is important
that the NRC recognize and encourage these
efforts. An example of this is in the area of
training and qualification of nuclear plant
personnel. The Institute of Nuclear Power
Operations, a utility-sponsored organization,
developed a training accreditation program which
addresses training of utility personnel in ten
areas. All U.S. utilities committed to
achieving accreditation of each of their
training programs. The NRC issued a policy
statement in March 1985 which recognized the
industry's initiatives in this area and which
indicated that the NRC would defer new re-
quirements until after an evaluation of the
industry's program. This approach has been a
success to date in that by the end of 1986 the
nuclear industry had achieved its goal of
submitting its training programs to 1NPO for
accreditation.

The accident at Chernobyl last year again
raised questions of the adequacy of nuclear
plant safety. Following the accident the NRC
undertook an effort to ascertain the facts of
the accident, its causes, and its consequences
and its relevance to U.S. policies and
practices. This effort was divided i.nto two
phases. The fact-finding phase, which was a
coordinated effort by various U.S. government
agencies, resulted in the issuance of NURF.G-
1250, "Report on the Accident at the Chernobyl
Nuclear Power Station" in January 1987. The
second phase of this effort by the NRC involves
an assessment of the implications of this
accident on U.S. policies and practices.

Preliminary conclusions from this assess-
ment again appear to confirm the strengths of
the U.S. designs and the U.S. regulatory
structure. The accident's lessons seem to have
been largely anticipated and accommodated by the
NRC's regulatory requirements. The U.S. re-
quirements on reactor design, containments and
operations provide a system of defense in depth
against the type of accident that occurred at
Chernobyl. However, the lessons learned should
also serve to reinforce the emphasis of these
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requirements. Much ran still be learned from
the Chernobyl accident and the NRC is con-
tinuing to evaluate the information gained in a
number of areas. Additional insights will be
incorporated as they become available. Most
importantly, the impact of the Chernobyl
accident will constantly reinforce the need for
care and vigilance in the design and operation
of nuclear plants.

CONCLUSION

The NRC is now applying in a systematic
manner in its regulatory regime the combined
results of lessons learned from operating
experience and research and development
efforts. This is serving to enhance reactor
operations and provide greater assurance and
confidence in the safety of the light water
reactor technology.

The NRC now either has in place or will
have in place shortly the necessary positive
regulatory environment for the remainder of the
1980s and into the 1990s. The enhanced under-
standing of severe accidents should provide
greater flexibility in the operations area and
make plants more reliable without reducing
safety. A better understanding of the risk
significance of regulatory requirements will
result in a more effective and efficient set of
regulatQry requirements. A more stable and
predictable regulatory climate will allow
utilities and the NRC to better plan for the
future.
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