REVIEW OP THE AMERICAN PHYSICAL SOCIETY LIGHT WATER REACTOR SAFETY STUDY
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INTRODUCTION

The issue of light-water reactor (LWR) safety has
been the subject of a part-tine, year-long study spon
sored by the American Physical Society and supported
by the National Science Foundation and the former
Atomic Energy Commission. The goal of the study was
the assessment of some of the technical aspects of the
safety
of large light water nuclear power reactors
typical of present commercial practice in the United
States. The 1974-1975 study produced a Report by the
Study Group to the Society, which has been published
in Reviews of Modern Physics, Volume 47, Supplement No.
1 (1975), and is available as a reprint for $6.00 from
the American Institute of Physics (Reprint Department),
355 E. 45 St., New York, NY 10017.
The Report examines issues related to the safe
operation of LWRs; the research and development pro
gram responsible for establishing and enhancing safety;
and the consequences of accidents for public health
and welfare. A number of recommendations are contained
within
the Report, mainly addressed to ways in which
the safety of the presvnt LWRs can be improved and
better understood.

the results of the research are imp nented. Because
of the serious potential consequence ">f a major re
lease of radioactivity, and in view L existing safetyrelated technological opportunities, we believe that
there should be a continuing major effort to improve
light-water reactor safety
as well as
understand and
mitigate the consequences of possible t cidents. Our
recommendations are directed towards these objectives.
A. Safety through careful design, construction, and
operation
The safety philosophy of the nuclei • industry
has emphasized design which can provide tc erance
against malfunctions. This approach has U .d a good
foundation for reactor safety, and it has r -suited in
reactors designed, constructed, and operate for safety,
not only under normal operating conditions , : also in
a wide range of abnormal circumstances. A g eat deal
of research, development, and quality control has gone
into guaranteeing the integrity of the duel elements
and cladding, the integrity of the enclosing primary
system, the general structural soundness of the entire
reactor, and the ability to control the reactor under
both normal and abnormal conditions.
Although we have not been able to analyze all of
the many possible failure sequences for light-water
reactors, one which we have studied in detail is the
possible failure of the integrity of the primary reac
tor pressure vessel. We find that reactor vessels are
constructed of materials chosen with care and are de
signed with substantial safety factors. The reactor
vessel is subject to careful scrutiny and testing.
Based on our study, we believe that catastrophic rup
ture of the primary pressure vessel is not likely to be
an important contributor to accident initiation; how
ever, this is dependent upon maintaining a strong qual
ity assurance program.

Robert J. Budnitz was one of the twelve Study
Group participants, and his Invited Paper at the IEEE
Nuclear Science Symposium covered many of the issues
dealt with in the full Report. Because his remarks
represent a brief review of the results of the full
Study Group, it seems more appropriate to reproduce
here the Report's "Summary of Conclusions and Major
Recommendations." This reproduction follows below in
full:
SUMMARY OF CONCLUSIONS AND MAJOR RECOMMENDATIONS

A central issue in the operation of light-water
reactors is the prevention of a major release and wide
spread dispersal of radioactivity, which could have
serious consequences to the public. The safety record
of light-water reactors to date has been excellent, in
that there has been no major release of radioactivity.
These reactors have been designed with numerous safety
features engin cred to prevent foreseeable accidents.
These safety features are backed up by other safety
features intended to prevent major release of radio
activity in the event of an accident. Moreover, very
conscientious efforts have been made in developing the
procedures and practices involved in licensing, quality
assurance, operation, and inspection of these reactors
to insure sound construction and operation within spec
ified safety limits.
In the course of this study, we have not uncovered
reasons for substantial short-range concern regarding
risk of accidents in light-water reactors.
Khile at
present a complete quantitative assessment of all im
portant aspects of reactor safety and behavior under
unusual circumstances cannot be made, we are confident
that a much better quantitative evaluation and conse
quent improvements of the safety situation can be
achieved over the next decade if certain aspects of the
safety research program are substantially improved and
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Primary system piping is also subject to careful
scrutiny and testing. The well-known cases of cracks
in pipes and failures of valves in reactor operation,
on the one hand, reflect deficiencies in fabrication or
design; but, on the other hand, they demonstrate the
success of the overall safety system and procedures
which identified their existence early enough to pre
vent more serious consequences. Continued open discus
sion and analysis of such failures can lead -o improve
ments in safety and can provide the data base for a
more accurate estimate of the probability of more ser
ious incidents. These defects underline the ongoing
need for the nuclear industry and the regulatory bodies
to continue improvement cf inspection and test techni
ques. It is important that licensing and regulation be
conducted in such a way as to continue to ensure open
ness in the quality assurance program and to provide
better-quantified evaluation of the success of the pro
gram. We also note that each year human error on the
part of reactor operators seems to initiate or aggra
vate at least a few incidents of potential safety sig
nificance. In fact, unless diligence is maintained,
quality assurance and human error may well represent a
limiting factor in maintaining safe operation.
It is difficult to quantify accurately the prob
ability that any accident-initiatinR event wight occur.

Many aspects need to be better understood through ex
perience and research before such calculations are
tractable. Alth'-...;h the probabilities of major acci
dents seem small 'heir quantification deserves more
attention within the reactor safety community than it
has received up to now. We did not have the resources
to carry out an independent evaluation of this aspect
of the recent AEC Reactor Safety Study (Draft WASH1J00), but we recognize that the event-tree and faulttree approach can have nitwit in highlighting
relative
strengths and weaknesses of reactor systems, particu
larly through comparison of different sequences of re
actor be'.avior. However, based on our experience with
problems of this nature involving very low probabili
ties, we do not now have confidence in the presently
calculated absolute values of the probabilities of the
various branches.
We hrve reservations about the present almost ex
clusive emphasis in the licensing process on the "de
sign basis accident" concept in which certain highly
stylized accidents are used as yardsticks against which
the performance of various systems is evaluated. While
we agree that analysis of such accidents is an impor
tant check upon the general safety of reactor designs,
we are concerned that other types of possible accidents
may consequently receive insufficient attention in de
sign, construction, licensing, and operation.
B. Primary engineered safety features
In our study we centered much attention on the
"engineered safety features." Because these features
are not used in normal operation but are specifically
intended to prevent an abnormal incident from becoming
an accident, there is only limited operating experience
with them. In addition, because of the complexity of
the phenomena involved, these features are very diffi
cult to simulate on a computer or to test in simulated
accident conditions. Therefore, there is a lack of
well-quantified understanding of the performance of
some of these special systems uncer som2 severe acci
dent conditions.
One of the most important of the engineered safety
features is the fast-acting SCRAM system for shutting
down the chain reaction in the event of an emergency.
Certain transients which are anticipated to occur from
time to time (pressure, temperature, reactivity) might
play an important role in accident initiation. It is
very important to shut down the chain reaction during
a large transient. While the SCRAM designs, as now
prescribed, seem to us to be highly reliable, not
enough is known about the effects of transients in the

extremely

unlikely

event that the reactor does not

SCRAM, h'e believe that insufficient attention has been
given to the analysis of transients, although it i? en
couraging th-it these areas are now being given inten
sive study. In addition, we are concerned about tran
sient behavior which might occur simultaneously with a
massive electrical failure. While there are redundant
off-site power sources, the emergency on-site
(dieselj
power sources are a recognized weak point.
The emergency core cooling system (ECCS) is the
engineered safety feature that has received the most
publicity, attention, and research. The ECCS is inten
ded to provide emergency cooling to prevent the reactor
fuel from melting or losing structural integrity in the
event there is a loss of primary system fluid.
We have no reason to doubt that the ECCS will
function as designed under most circumstances requiring
its use. However, no comprehensive, thoroughly
quantiViziva
basis now exists for evaluating ECCS performance
because of inadequacies in the present data base and

calculat ionat codes. In aJJitum, it is not clear tti.tt
the present approximate calculations, oven though based
on generally conservative detailed assumptions, will in
all cases yield conservative assessments of f.tVN J U T formance.
We have examined the MX reactor safety research
program intended to resolve these uncertainties. Ex
panded experimental tests and advanced calculatlonal
code development are now under way, with the goal of
accomplishing a sufficient quantitative comparison be
tween calculation and experiment so that the technical
community can reach consensus on ECCS effectiveness.
That consensus can only be reached through several years
of effort, using improved research techniques, and with
more open publication and review of the results. We
doubt that a complete quantitative evaluation of ECCS
effectiveness can be achieved through the present pro
gram. We recommend below several possible approaches
for improvement.
C. Accident containment and consequences
The last line of defense in preventing or mitiga
ting the release of radioactivity is a further set of
engineered safety features designed as a backstop in
case of significant failure of the safety features dis
cussed above. The greater part of this last safety um
brella is the containment machinery and building which
enclose the entire reactor primary system. These con
tainments, which have worked well in controlling rou
tine and minor radioactive emissions, have not yet been
subjected to test by a large-scale controlled or acci
dental release. More research toward increasing the
effectiveness
of containment devices would be prudent,
along with ;;wre vigorous pursuit of the possibi' ties
for major improvements in containment design.
Although a major release of radioactivity is un
likely, it is important to calculate the types and ex
tent of consequences of releases under various circum
stances. Ke have found that these calculations arc
very difficult. There are significant uncertainties in
nearly every category of potential consequences: immed
iate deaths, latent cancers, and property daraage/deni?.L
Ke have made no independent studies of acute effects,
the estimates of which are particularly dependent upon
details of local siting, weather, and population, and
upon important uncertainties in acute biological e'fects
of radiation. However, for the same releases and the
same basic references for the biological effects as
taken in Draft WASH-1400, we estimate substantially
larger long-term consequences, particularly concerning
land damage/denial and possible latent cancers from ex
posures to individuals who live in areas whici. are con
taminated below the evacuation thresholds used in Draft
2
WASH-1400. The social significance of the long-term
consequences depends in part upon the probability of the
assumed release, regarding which wc hate made no inde
pendent assessment. However, the uncertainties in es
timates of consequences need to be resolved because they
have important implications in reactor design, siting
policy, and protection against potential rabotage. In
analyzing the societal risk-benefit balance of commer
cial nuclear reactors, one must be able to estimate with
reasonable confidence both the probability and conse
quences of system failure; research must continue on
both.
Considering the great social importance of reactor
safety and the large present and future capital invest
ment in light-water reactors, the current funding of
safety research is relatively small. We believe that
the many technological opportunities for the enhance
ment of reactor safety warrant the investment of addi
tional funds in safety research.
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Major recommendations

vlant recorjaendal ions are made in the body of t h i s
"leport . \ few of the raaior ones are sitauaarircd here,
'•Hi in each c;»se the reader i s referred to the twin
Text t'o.*- detailed discussions of the background and
rationale.
Our major recomacndal ions, which have not
been ranled according to t h e i r i«portanee, include the
following:

• :i much stronger theoretical and calcuU
tiunal development effort combined with :«. much im
proved experimental program, the results of which
must be published openly
for evaluation by the
technical community;
• a series of large-scale experiments along
with some standardization of reactors. Detailed plan
ing and analysis for this approach should begin
iflwediaecly i case jr should be decided in the future
that it is needed. There should be increased empha.-; •
on realistic calculation-; and experiments as opposed
to those which merely attempt to Set upper iiuit* on
the behavior of a reactor in an accident. in view of
the number of reactors , w operating and being planned
we believe it is important that Die reactor safety
research program u,uick|y take major stops to bring
about a convincing resolution of the uncertainties
in l:l:CS performance.
n

ili
Hunan engineering of reactor c o n t r o l s , which
migbt significantly reduce the chance of operator er
r o r s , should he improved. be also encourage the auto
mation of no re control S"ur.tt:ons and increased operato:
t r a i n i n g with simulators, e s p e c i a l | y In accident-simulat ion mode.
t.* Mcisures should !>e taken to quantify the ef
fectiveness of the present quality a i s u r a m e program,
using both the analysis of experience already reported
.ind new measurement s on the q u a l i t y assurance system.
I.'<I
Hie techniques used in Draft WASH-1400 for
t>u- .aKul.it inn of accident sequences and t h e i r
;>ri>t>al>illl u s should be:
•
enploved to estimate q u a n t i t a t i v e l y whether
.I-MSK-J sudsi-.ten f a i l u r e data a r e voop.it i hie with the
observed individual snail accidents;
•
used to provide pai-ametric studies of the
effects of phenomena which are i11-understood in the
ident i *"i ed sequences;
•
refined so tl.at they can be used for cont lim
ine rjsl. assessment on i routine basis with a growing
data base of f a i l u r e data.
;i!
I he 1'raft HASH-I4"0 analysis of accident
..Miseiiueiues should he redone taking into account the
~*»di fic.it ions- discussed in our report, in order to obr.uji .-orrecled consequence estimates. The r e s u l t s
>.ill help to determine the magnitude of the benefits
K1II.II niclu he obtained frc.o the introductions <*f de
sign ch.iin'.es and mean* of mitigation of accident conse.iiiences.
ifi» !he problem of sabotage and its effect on
increasing :he risk of radioactivity release should
be studied carefully. K'c hav* no way of est mating
the present likelihood of sabotage; hfwever, wc be
lieve that reactor security can be improved and have
specific recommendations for st'udics that go beyond
Those already underway.

m

C)
In the area of safety research, more em
phasis should be placed on seeking improvements in
containment methods and technology. In particular,
controlled venting of the containment building in
case of overpressure should be studied. * careful
assessment should also be made of the benefits and
costs of alternative siting policies, such as remote,
underground, and nuclear-park siting.
(S) There should be more effort to resolve
major uncertainties in estimating consequences,
including improvement of the biological-effects
data base. Techniques for mitigation of conse
quences should be developed, especially in
connection with the problems of decontamination
after a large accident.
t9l While *>c stroi.gly endorse the substantial
improvements that have been made in the safety
research programs and in the openness to scrutiny
!»/ the technical public in the last two vears,
additional measures should be taken to continue
to improve the research program and techniques
and to assure that the results of both experimental
and computer code -levelopmeni work related to
safety are openly rublished.

Funding for this -:udy was through the Un:ted Slates
rnergy and Resources Development \dministrat ion.

Mi' Hie U V s safety margif should be quantified,
and if necessary, inpro.cd through one or moie of the
following approaches:
• the substitution of O O T C easily analyiable
.ir mure effective U'.C.S concepts;

-3-

"He understand that substantial revisions arc being
considered before pablicaticn of the final KASH-HPP
report (private communication, \uclear Regulatory i'ommission, 1* March l'*~5).

