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ABSTRACT AND INTRODUCTION

The safety of the central station pressurized water reactor is well

established by its excellent operating record. Fifty-eight reactors of

this type are operating outside of the Soviet bloc and 145 more have been

committed for construction. PwR experience comprises a large portion of

the total of over 300 years of commercial light-water-reactor experience

in the United States, and more than 150 reactor years in other countries

- all without an accident leading to a nuclear radiation related disability,

a record unparalleled by any .modern, large-scale industry. The raw data

can be converted into a prima facie probability of not having a major

incident of 5 x 10"4 per operating year. Two hundred and six more light

water reactors are under construction, and will require a continuing

commitment on the part of the industry and of regulatory authorities to

maintain this outstanding record. We are confident that this record will



be maintained both on the basis of the probability mentioned and also on
the basis of probabilistic studies, particularly that of Dr. Rasmussen,
addressed to the possibility of major accidents, which shows them to be
less likely than such things as meteorite injury to members of the general
public.

With its roots in a highly successful naval program, the design of com-
mercial PWR's was begun more than twenty years ago with a deliberate
philosophy utilizing both defense-in-depth to identify redundant multiple
systems to prevent and deal with accidents, and deliberate margins of
safety employed in the design of both the reactors themselves and of the
safety systems. These philosophies of defense-in-depth and of designed-in
margins of safety were applied to both normal and postulated accident
conditions even considering simultaneous effects of earthquakes and other
severe environmental phenomena as well as highly unlikely modes of failure
of the reactor and safety systems. Although the record itself provides
a great factor of reassurance, we have many reasons to have confidence
that what is said above has in fact been applied during the design and
construction process. We answer to competent and conservative regulatory
authorities themselves staffed by experts in the technology and backed
up by review boards of independent experts. We also have the benefit of
very large research and development programs involving analyses and tests
carried out by independent agencies such as the United States National
Laboratories.

It is the purpose of this paper to discuss briefly the topics mentioned
above as they lead to both assurance that the plants in operation and
under construction provide an adequate level of safety, and also point
to directions of future design to assure that this level is" maintained
as larger numbers of these reactors are committed and themselves come
into operation. In particular the topics of interest include probabil-
istic studies of unlikely events and their consequences; the design pro-
cess as it involves defense-in-depth and margins of safety during such
postulated unlikely events as LOCA, ATWS, fire protection, turbine missiles,
etc; and the process of regulatory review as it assures the adequacy of
the design process; and in turn the analytical and experimental programs
as they assure confidence in the regulatory process.



THE REGULATORY PROCESS AND DESIGN MARGIN REQUIREMENTS

Historical Development of Safety Requirements in the U.S. and Europe

Following their successful development for naval propulsion, PWR's for
generation of commercial power were encouraged by the Atomic Energy Act
of 1954. The first commercial reactors sought to minimize risks by
incorporating conservative designs to compensate for lack of experience
and uncertainties. Because of the need for more definitive information,
R&D programs were initiated covering design improvements, thermal and
hydraulic core performance, neutron economy, systems optimization and
many other areas. As a result, DNB limics were set as opposed to simply
prohibiting boiling, fuel cladding was changed from stainless steel to
zirconium alloy, rod control and protection systems were improved, and
systems were optimized,

To ensure that health, safety, and other requirements were being met,
and to create a substantiating evidentiary record, an elaborate review
process was set up which provides for participation by Government,
Industry and the public. This was accomplished by requirements estab-
lished for safety analysis reports, review by Commission staff experts,
review by the independently established Advisory Committee on Reactor
Safety (ACRS), and subsequent review by the Atomic Safety and Licensing
Board (ASLB) in hearings where the public can participate.

Along with these developments, safety requirements were changing. . Where
initially, distance was an important factor relied upon for meeting off-
site exposure guidelines following postulated accidents, various engi-
neered safeguards were subsequently incorporated to reduce the offsi te
consequences to acceptable levels. Various containment concepts and
their auxiliary safety systems, fan coolers, charcoal filters, ice beds,
and sprays, were considered and adopted.



As plant power levels increased and it became necessary to consider
plant sites involving larger population densities, requirements to look
at the question of "what if" this or that system fails grew steadily.
As a result of these questions the core melt syndrome was born and with
It the question of how to contain a.molten core. At first, the most
serious postulated accident was considered to be only a primary coolant
pipe break small enough to be accommodated by the charging system. Then
breaks of the largest pipe connected to the primary coolant system, and
requirements for additional cooling were considered. Subsequently, an
ad hoc Regulatory Commission task force selected the double ended break
of the main primary coolant piping as the most severe postulated accident
and recommended provision of core* cooling adequate to maintain a cool able
geometry. Adoption of these recommendations led to the development of
the ground rules of no clad melting, limits on zirconium water reaction,
and to the establishment of other related criteria.

Although ECCS questions received much attention, other areas were also
subjected to studies and "what if" questioning. Topics covered by
studies of this nature included reactor vessel integrity, post LOCA
reactor vessel thermal shock, and common-mode failure. These studies
led to an increasing realization of the importance of quantifying risks,
prompted a number of risk studies, and led to the comprehensive risk
assessments undertaken for U.S. designed light water reactors in the
Rasmussen Reactor Safety Study."'

Most European and U.S. regulations and nuclear power plant designs are
very similar in many areas, but differ significantly in a number of
details. Many of these differences are related to different environmental
conditions and concerns at available reactor sites. Selection of a
European reactor site is complicated by the fact that the average popu-
lation density is generally greater than in the U.S. Similarly the
density of military and commercial air traffic tends to be greater in

* ' Reactor Safety Study, An Assessment of Accident Risks in Commercial
Nuclear Power Plants, WASH-1400, October 1975.



Europe than in the U.S. Such concerns have led to European regulatory
requirements for reactor designs that are strengthened or hardened
against external man-made hazards, such as those associated with air-
plane crashes or conventional warfare. This interest in hardening is
exemplified by adoption of the bunker concept for nuclear power plant
control rooms. These requirements appear to be based on a risk reduc-
tion approach rather than a risk assessment evaluation.

In other areas, European regulations are not as stringent as the U.S.
because of differences in natural hazards. European plants are not
exposed to tornadoes. Because of the lower anticipated seismic activity,
most European plants are not required to tolerate the simultaneous
occurrence of design basis seismic and LOCA events, as required by U.S.
regulations.



THE DESIGN PROCESS - DEFENSE IN DEPTH

To meet the requirement that there would be no undue risk to the health
and safety of the public the nuclear industry from its beginning has
designed and built nuclear power plants based upon the conservative
philosophy called Defense in Depth. This requires that reactor systems
be capable of tolerating a spectrum of operating conditions, transient
conditions, and accident conditions, while maintaining adequate barriers
to the release of fission products.

Defense in Depth includes:

1. Designing for maximum safety in normal operation and maximizing
the ability of the system to tolerate malfunctions through intrin-
sic features of sound conservative design, construction, selection
of materials, quality assurance, testing, and operation. Margins
are incorporated into the plant by adhering to regulatory require-
ments and by utilizing the many accepted codes and standards of
organizations such as ANS, ASME, ASTM and IEEE for normal design
and operation.

2. Anticipation that, since this is not a perfect world, some abnormal
incidents will occur during the life of the plant and that there-
fore it is prudent to include provisions to terminate the incidents
safely and limit consequences to acceptable levels, even though
important components or systems fail. Even under these conditions
there are still significant margins provided as a result of util-
izing conservative design practice and accepted codes and standards.

3. Providing protection against extremely unlikaly events, which are
not really expected to occur during the life of the plant, assuming



failures of consequence limiting equipment. From an analysis of
these postulated events, features and equipment are designed into
the plant to safely control the postulated events and to insure
that there is no undue risk to the public.

The success of the Defense in Depth approach to safety to date is con-
firmed by the actual operational history of light-water power reactors
throughout the world.

General Background and History of the Postulated Loss-of-Coolant Accident

Since the beginning of the power reactor industry, the loss of reactor
coolant accident has been considered a design basis event. The develop-
ment of reliable effective core cooling systems, detailed analytical
models, and associated experimental verification programs, has been a
fundamental part of the design and development effort. The hypothetical
loss-of-coolant accident currently sets the maximum power density allowed
during operation, without, however, preventing the achievement of rated
capacity.

Prior to 1966, the loss of reactor coolant analyses for the postulated
single-ended break of the largest line connected to the primary coolant
-system were performed with rela-tively unsophisticated evaluation models
and computer codes. The criteria required the analyses to demonstrate
that core heat removal capability would be maintained and that melting
of the fuel cladding would not occur.

Although not postulated for loss of coolant accident evaluations, more
severe pipe ruptures were considered to provide the bases for the design
of containment and other consequence limiting systems, and analyses
were performed to show that radioactive releases could be maintained
within acceptable guidelines.



By 1966, design reviews had begun for much larger reactors and sub-
stantial improvements were implemented in ECCS designs and evaluation
methods. The double-ended rupture of the primary coolant piping received
increased attention. A design criterion of no fuel clad melting, achieved
by designing to limit peak clad temperature to 1260°C and total cladding
metal to water reaction to IS, was added, and more detailed computer
analyses were required for double-ended ruptures in either the hot or
cold leg. These 1966 developments led to large improvements in ECCS
performance. Accumulators were added to provide earlier coolant injec-
tion. The rate of coolant delivery during injection and the amount of
coolant available during recirculation were substantially increased, and
the range of accidents for which protection is provided was extended.
We should retain the perspective, however, that such complete double-ended
ruptures are highly unlikely and that provision for dealing with their
consequences is an example Of defense-in-depth.

It also became obvious that more sophisticated analyses were required
for a proper treatment of system interactions during a LOCA. This caused
the industry to initiate the development of much more rigorous computer
programs. By 1970 these programs had been completed and were being
utilized for ECCS evaluation. The programs have continued to improve
since that time and will continue to improve as new data becomes available
in the future. Meanwhile, due to the great emphasis placed upon ECCS
performance in 1966, research programs then underway were enlarged and
new testing programs were initiated to check the assumptions in the
computer codes. These programs included LOFT (the loss of flow test),
semi-scale blowdown studies, the Full-Length Emergency Core-Cooling
Heat-Transfer- Studies (FLECHT), snd several others.



The next significant series of events began in 1971. In recognition of
mounting controversy in reactor licensing procedings involving ECCS
systems and their evaluation, a Regulatory Staff task force began a
detailed review of the adequacy of evaluation methods and standards in
this area. One area of concern reviewed by the task force was a con-
troversy involving the results of semi-scale tests conducted in Idaho in
late 1970 and early 1971. The results of some water injection tests
indicated lower cooling than anticipated by the NRC at that time. It
was subsequently found that these tests would not yield data typical
or a light water reactor system. Also, analysis of the tests by computer
programs available in the nuclear industry did indicate for the test
design that lower cooling would result. Since then the semi-scale test
system has been redesigned to simulate transient response data more
typical of conditions of interest for a design basis LOCA. It remains
true that the primary utility of such testing is to verify the assump-
tions used in the computer programs.

As a result of the task force review of the test results and other ECCS
evaluation issues, on June 29, 1971 the AEC issued the Interim Accept-
ance Criteria (IAC). The IAC required additional conservatism in the
performance requirements which the reactor would have to meet during and
following a loss-of-coolant accident as well as increased conservatism
in the assumptions which must be made in the analysis of this hypo-
thetical accident.

The principal performance requirements imposed by the IAC were that the
fuel cladding temperature not exceed 1260°C, following the hypothetical
accident, and that the amount of fuel element cladding chemically re-
acting with water or steam not exceed one percent of the total amount of
cladding in the reactor.



The calculational requirements imposed by the IAC included the assump-
tions that: all of the water injected by the accumulators prior to the
end of blowdown is lost for cold leg breaks; that the time after the
break for the onset of departure from nucleate boiling at the hot spot
should be equal to 0.1 seconds; and that the most conservative primary
coolant pump flow resistance be used during blowdown and reflood.

As a result of combining these very conservative calculational assump-
tions in evaluation models with the requirement to design to very con-
servative performance requirements, the hypothetical loss-of-coolant
accident analysis became limiting in the establishment of maximum allow-
able peak power density in the reactor core. Experience from operating
plants, however, has shown that PWR core and control system designs
enable the operator to hold the maximum power densities below the design
peak power density limits allowed during plant operation at 100 percent
power. Thus despite very conservative peaking factor limits, overall
plant operation capability has been maintained.

At the time it issued the IAC, the Commission recognized that a Dublic
hearing would be needed. In the lengthy 1972 and 1973 ECCS Rulemaking
Hearings, a very large amount of testimony and evidence was received re-
lating to appropriate Emergency Core Cooling System performance criteria,
calculational methods and analytical assumptions.

After consideration of the hearing record, the Commission issued what is
now known as the Acceptance Criteria for Emergency Core Cooling Systems
for Light Water Reactors on December 28, 1973. These criteria are set
forth in 10CFR50.46 and Appendix K of 10CFR50. The Acceptance Criteria
reduced the calculated peak clad temperature limit from 1260°C to 1204cC
and imposed additional ECCS performance and evaluation model requirements.
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Test Programs

The Acceptance Criteria have been in use now for more than two years.
During this time new experiments, such as the fission-product decay
energy measurement programs funded by the NRC and the EPRI, have pro-
vided results which indicate that the Appendix K requirements are con-
servative. The LOFT, semi-scale, and FLECHT programs continue to provide
confirmatory results and new information. We believe that many of the
assumptions currently required for LOCA analysis can and will be revised
as the results of current experimental work are reflected in revised
licensing regulations.

The test programs that have substantiated the conservative margins pre-
sently provided by NRC regulations include fundamental experiments to
identify phenomena, separate-effects tests, and scaled integral system
tests. The separate-effects tests are usually large tests conducted by
manufacturers or national laboratories which examine, in scale or full
size, these same phenomena for specific reactor conditions and geometries.

The scaled integral systems tests permit the investigation of the com-
ponent interactions and interrelationships which occur during postulated
accident conditions. The prime purpose of these tests io not to obtain
basic data for model development, but rather to verify the entire cal-
culational method.

In addition the safety systems of each and every nuclear plant are sub-
jected to thorough component and functional testing before the plant is
placed into operation and periodically throughout the plant lifetime, as
required by the plant technical specifications. These tests, some weekly,
some monthly, and some during shutdov/ns for refueling, provide the bases
for assuring that the system will function properly and reliably if
called upon to perform its safety function.
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Margin Requirements

As we shall see later, when we consider best estimate ECCS evaluations,
the conservatisms in the criteria of 1OCFR5O, Appendix K assure sub-
stantial safety margins in emergency core cooling system performance.
There are, in addition, substantial safety margins provided by the design,
fabrication, operation, testing and inspection of the pressure containing
components of the reactor coolant system. These safety margins are
inherent in the industry and regulatory codes and standards which these
components must be built and operated to meet. This is particularly
evident when the impact of the codes and standards on the designs fabri-
cation, and inservice inspection of reactor vessels is considered.

In fact, the structural integrity of the entire reactor coolant system
is assured by design and fabrication in accordance with established
standards, codes, and regulatory requirements, by inspection during
fabrication and periodically during operation to ensure the absence of
unacceptable flaws, and by the development of analytical methods capable
of producing quantitative estimates of safety margins should flaws of
significant size exist or develop during service. As a result, failure
of the reactor vessel is not included as a design event.

On the basis of a study by the Advisory Committee on Reactor Safety, the
Rasmussen report found that probabilistic assessments of reactor vessel
failure substantiate the conservative design of this component. On
October 1, 1976 the United Kingdom Atomic Energy Authority released the
results of an independent study^ ' of the integrity of PWR pressure
vessels. This study shows that statistical estimates of pressure vessel

Tin—
v ' "An Assessment of the Integrity of PWR Pressure Vessels," Report by

a Study Group under the chairmanship of Dr. W. Marshall, C.B.E.,
F.R.S., United Kingdom Atomic Energy Agency, October 1, 1976.
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reliability, which account for material properties, crack sizes, tran-
sients, and other factors, are consistent with estimates based upon
extrapolation of non-nuclear pressure vessel experience.

Best Estimate ECCS Evaluations

In order to obtain a realistic assessment of the relative conservatism
in the LOCA analysis, several investigators^ ' have performed best-estimate
analyses. These analyses accounted for uncertainties in certain input
parameters and models and noted their effect on the calculated peak clad
temperature result. They provide very useful insight, in that they
allow a determination of the probability of exceeding a given temperature
limit such as the 1204°C peak clad temperature.

In calculating peak clad temperature, the input data and correlations
were estimated realistically. The best estimate result for peak clad
temperature was 482°C, showing a margin of 704°C from the conservative
evaluation model results.

If the realistic assessment of 482°C for peak clad temperature were
evaluated in terms of the potential release of activity it is readily
apparent that the environmental consequences would be considerably lower
than presently considered. In fact at 482°C, the only activity expected
to be released to the containment would be that which is in the reactor
coolant system during normal operation and essentially no activity would
be released from the fuel.

Cox, N. D. and Cermak, J. 0., "Uncertainty Analysis of the Performance
of Complex Systems," Energy Sources 1, No. 4, 339-360 (1974).
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UTILIZATION OF PROBABILITY CONCEPTS

The Reactor Safety Study was released in final form In October of 1975.
Although the PWR selected for that study (Surry 1) was designed more
than ten years ago, it was found to be acceptable from a risk stand-
point, however the study also pointed the way to improvements desirable
when hundreds of such reactors will be in operation. Subsequent plants
are designed to meet more stringent mechanical and electrical design
codes, and more stringent regulatory requirements. The subsequent
Improvements in plant safety are the result of improvements in ECCS
designs and evaluation models, some of which have been implemented
since the release of the study.

Since some Europe?n ECCS designs differ significantly from U.S. designs
in details that were not considered in the U.S. Reactor Safety Study,
direct comparisons of risks are not appropriate. It is important
therefore, that other regulatory bodies satisfy themselves concerning
reactor safety with an equivalent comprehensive reactor safety study
based on risk assessments which treat these specific designs.

While probabilistic methods to date have been used primarily to confirm
that the industry and NRC judgment processes used in the past regarding
safety matters have resulted in the design and construction of safe
reactors, I believe that the probability - reliability methodology will
gradually come into more widespread use to quantify judgements on a
cost-benefit basis, to focus attention on proper Issues, and to permit
more rational judgements between applicants and regulators.. Probabil-
istic methods will provide a means of justifying and evaluating changes
1n acceptance criteria as embodied In regulations, regulatory guides,
and Industry codes and standards.

14



Relatively few licensing documents have been submitted to date which
use probabilistic methods for safety evaluations. These few examples
Include the ATWT^4^ and turbine missile evaluations*5'*6', which I will
discuss later 1n this paper. While techniques can be used to establish
design and regulatory criteria, risk assessment techniques can not
suddenly be applied across the board in design because of practical
considerations. Although the concepts appear straightforward enough,
their application to design is not. Clearly, the tracking down of a
multitude of failure sequences and the quantification of the probability
and outcome of each requires a tremendous effort that cannot often be
afforded by the systems designer, particularly when a number of alter-
native conceptual designs are under consideration. Their use is more
appropriate, therefore, on a generic basis.

Hy feeling is that the future impact on NSSS design will center on the
following areas: (1) criteria for design and regulation; (2) reliability
analyses; (3) identification of controlling risk contributors, and;
(4) cost-benefit analyses.

Criteria

There is already a trend for probability concepts to be incorporated
Into developing industry codes, standards, and criteria, and we believe
the Rasmussen study will lead to Increased application of these concepts
in future criteria development. We could for example, envision in the
not too distant future, requirements that certain safety systems be

1 i

(4) "Technical Report on Anticipated Transients Without Scram for
Water-Cooled Power Reactors," WASH-127O, September 1973.

(5) Bush, S. H., "Probability of Damage to Nuclear Components Due to
Turbine Failure", Nuclear Safety, Vol. 14, No. 3, Hay-June 1973.

{6) Regulatory Guide 1.115, "Protection Against Low-Trajectory Turbine
Missiles" (DRAFT), March 1976
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designed to specified numerical reliability goals as is currently being

done In the aero-space Industry.

An example of an early Industry effort to characterize initiating events
in accordance with relative likelihood and potential for radiological
consequence is the definition of four categories of plant conditions in
the ANS criteria for PWR plants. More recently, several standards
working groups are incorporating probability considerations in their
standards, viz.

ANS 50; CWG-2
ANS 55,3
IEEE SC5.2
ANSI N 177
ANSI N 635

Conditions of Design
Separation Requirements
Reliability Goals
Missiles
Combinations of Natural and
Manmade Hazards

The degree of success of these efforts will of course depend on both
vendor and NRC acceptance, and effective Implementation of the prob-
ability approach.

Reliability Analysis

The second area where the Rasmussen Report will have future impact is
the area of reliability analyses. Design reviews of new system devel-
opments normally include some form of failure-mode-and-effects evalua-
tion as one of the design considerations. We foresee these becoming
more quantitative, using some of the Rasmussen report techniques, and_
that in this way reliability - probability techniques will exert their
Influence on the early design process.

The failure-mode-and-effects process provides a great deal of informa-
tion in several categories which should be useful in future reliability
assessment. These include:

16



1. Failure data and treatment of uncert.inty
2. Insights reguarding human error and common mode failure

3. Treatment of dependencies

Generally, the industry comments on the Reactor Safety Study are in
agreement with these approaches, although there were Instances such as
human error and mechanical failure where we thought that failure prob-
abilities were considerably exaggerated above what should be expected
from trained operators and nuclear quality equipment.

The study also illustrates the importance of periodic testing and shows
that in certain areas measurable reduction in safety system unavail-
ability can be accomplished by more frequent or thorough testing. It
is also noteworthy that poorly designed testing which is too frequent
can also lead to increased system unavailability, as cited in the Ras-
mussen report. We foresee Improved testability In advanced designs as
well as a trend toward establishing test frequencies to.maximize avail-
ability.

The report also notes that the human factor can be a significant con-
tributor to poor availability on certain systems. With awareness of
this In areas of importance, it can be expected that future designs
will Incorporate equipment arrangements, data displays, testing provi-
sions, procedural controls, or automation to minimize this. It must be
recognized however, that automating manual operations may reduce or
eliminate one type of human error and Introduce others associated with
more complex systems and the people who must design, maintain, and
operate them.

Identification of Controlling Risk Contributors

Since the probabilistic methods used *n the study provide a quantitative
ranking of various accident sequences, they will direct the focus of

17



attention to areas of higher risk contribution and identify the con-
trolling elements. This can be used to ensure that future developments
concentrate or focus on the critical areas where Improvement would have
the most effect. As an example, the Rasmussen report noted that certain
event sequences, that have received much regulatory attention, such as
the large LOCA, anticipated transients without trip (ATWT), and turbine
missiles are not the dominant contributors to the risks for accidents
In the various core-melt categories. In the future, v/e can expect em-
phasis in new developments to be directed to systems of higher relative
importance.

I

Cost-Benefit Analyses

Finally, we believe the Reactor Safety Study methodology offers a future
way to quantitatively assess the cost-benefit aspects of proposed design
Improvements. Properly utilized this should be an aid in the decision
process regarding safety requirements by separating the worthwhile from
the arbitrary.

One of the things which has been most lacking, and perhaps is the most
difficult to grapple with, is a goal for acceptable public risk. If we
have had a goal in the past, it has been "...to do everything within
reason to make the plants safe." A comparison of relative risks as
provided by the Rasmussen study and the benefits to be gained from
nuclear electric power appears reasonable. We believe the Rasmussen
study and its methods need to be turned around from just a risk assess-
ment tool, to a tool which will define the goal and ultimately demon-
strate that the goal has been achieved.

The Rasmussen report methodology also shows promise in the area of
plant availability improvement and we Intend to apply the quantitative
methods of the study for this purpose with the expectation of a good
return on the effort required.

18



Anticipated Transients Without Trip (ATWT)

For the past several years the NRC has given much consideration to this
hypothetical event. In response, the nuclear Industry has engaged 1n
an extensive evaluation and dialogue with the NRC. In-depth analyses
of reactor protection system reliability have been performed including
evaluation of the protection afforded by the overlap in plant safety
dua to protection system channel diversity. Both detailed and summary
reports have been submitted to the NRC for review and information. As
a result of HRC questions, reanalysis has been performed and additional
information has been provided to the NRC relative to the assumptions
and potential consequences. These analyses demonstrate that even in
the very remote event of an ATWT, there is no significant clad damage,
and with the peak reactor coolant pressure friîlow the emergency condi-
tions of ASME Section III, the radiological consequences are within the
guidelines of 10 CFR 100, and the containment pressure is much less
than design. Based on these results and the extremely low probability
of an ATWT, the risk to the health and safety of the general public has
been judged extremely small. Therefore, it has been the industry posi-
tion that the provision of additional safeguards to mitigate against an
ATWT is not warranted.

Although it is acknowleged that the probability of the reactor protec-
tion system failing to operate is extremely low, the NRC has not con-
ceded that consideration of ATWT is not needed when assessing overall
plant safety. The NRC believes that the probability of equipment failure
leading to an ATWT that exceeded WASH 1270 limits should be^approximately
10" per reactor year. Industry has suggested that the NRC apply a
risk assessment method to evaluate the ATWT instead of looking at prob-
abilities alone.

19
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The Reactor Safety Study has provided evaluations of common mode failures
and has stated that "transient sequences involving failure to trip the
reactor control rods are not Important contributors to transient pro-
duced core melt situations because of the relatively low failure prob-
ability (about 4 x 1O~5 per year) of the shutdown systems." Presently
there is no final resolution of the ATWT issue.

Fire Protection

General Design Criteria 3 of Appendix A of 10 CFR 50 requires that
structures, systems, and components important to safety be designed and
located to minimize, consistent with other safety requirement, the
probability and effect of fires and explosions. In accordance with
this criterion nuclear power plants use noncombustible and heat resis-
tant materials where practicable and incorporate fire detection and
fire fighting systems.

There have been about thirty fires 1n operating nuclear power plants,
of which the one at Browns Ferry on March 22, 1975 was the most severe.
As a result of the Brown's Jerry fire a review group was established
under the direction of Dr. Stephen H. Hanauer to determine what could
be learned from the Browns Ferry fire and what recommendations could be
made 1n light of this experience. The review group's recommendations
have been incorporated Into a Regulatory Guide (Regulatory Guide 1.120
"Fire Protection Guidelines for Nuclear Power Plants" June 1976). The
philosophy recommended by the reviewing group and implemented in the
regulatory guide against fires is defence-in-depth. Implementation of
this philosophy will cost 1n excess of 4 million dollars per plant.
The objective is to achieve an adequate balance 1n:

1. Preventing fires from starting,

2. Detecting fires quickly, suppressing fires that occur, putting
them out quickly, and limiting their damage.

20



3. Designing plant safety systems so that even 1f a significant fire
occurred, essential plant safety functions would still be operable.

The primary objective of the fire protection program for a nuclear plant
Is to minimize both the probability and consequences of postulated fires.
Redundant and diverse fire fighting systems designed to combat fires
under all operating conditions are furnished. However, in spite of the
steps taken to reduce the probability of fire in the design of the
plant, it 1s conceded that some fires could still occur. Therefore,
consistent with the defence-in-depth philosophy, continuity of essential
functions in event of a fire is ensured by present requirements for
physical separation of redundant safety related equipment, electrical
controls, power supplies and cables. This aspect of plant design is
certain to receive more attention in the future. The Reactor Safety
Study (WASH-1400) considered fires in general and the Browns Ferry fire
in particular, and concluded that because of design requirements at
nuclear power plants, even if a large fire occurred it is unlikely that
It would cause damage that might lead to a large release of radioactivity.

Turbine Missiles :

The General Design Criteria of 10 CFR 50 Appendix A require that struc-
tures, systems and components important to safety be appropriately
protected against the effects of missiles that might result from equip-
ment failures. Nuclear plant steam turbines have the potential for
generation of high energy missiles in the very remote event of a rupture
of the massive low pressure turbine disks, and thus fall under this
criterion. Regulatory Guide 1.115, issued for comment in March 1976,
gave two acceptable methods for protecting essential areas and equipment
systems at nuclear power plants (i.e., spent fuel pools, emergency
diesel generators, control room, etc.), against direct strikes by low
trajectory turbine missiles.
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Protection of an essential system 1s acceptable if the system 1s located
outside the low-trajectory missile strike zones as defined 1n the regu-
latory guide. In addition, the protection against turbine missiles for
an essential system 1s judged satisfactory, if, in the event of a tur-
bine failure, the probability of its being hit by a missile Is less
than 10 . This degree of protection can be most readily achieved by
appropriate placement and orientation of the turbine. The most favor-
able arrangement 1s with the turbine shaft oriented radially with
respect to the containment and vital plant systems.

Conclusions

The safety record achieved by PWR nuclear power plants speaks for Itself.
The Reactor Safety Study is an in-depth risk assessment which provides
confirmation that if the industry continues to design, build and oper-
ate plants basea upon the present regulatory and industry requirements,
we can expect to continue this safety record. For the future it 1s not
expected that this study will replace the present codes-and standards
set up by the regulatory and industry bodies but rather that this, study
will provide a tool that can be utilized in upgrading these codes and
standards. The probabilistic methods of the study will permit iden-
tification of the most important contributions to the risk. Thus, cost-
benefit analyses based upon risk assessments can be utilized to evaluate
the need for further improvements in design or changes in regulatory
requirements. In parallel, continuing research and development will
allow improvements in the precision of the design and consequence-
prediction processes and in turn Improve our ability to quantify the
conservatism inherent in the design.
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