
                        November 15, 1990 
 
 
 
 
The Honorable Kenneth M. Carr 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 
 
Dear Chairman Carr: 
 
SUBJECT: REVIEW OF NUREG-1150, "SEVERE ACCIDENT RISKS:  AN 
         ASSESSMENT FOR FIVE U.S. NUCLEAR POWER PLANTS" 
 
During the 367th meeting of the Advisory Committee on Reactor 
Safeguards, November 8-10, 1990, we discussed the second draft of 
NUREG-1150, "Severe Accident Risks: An Assessment for Five U.S. 
Nuclear Power Plants." The Committee had previously discussed this 
matter with the staff and its consultants and with Dr. Herbert 
Kouts, Chairman of the Special Committee to Review the Severe 
Accident Risk Report.  Our Subcommittees on Severe Accidents and 
Probabilistic Risk Assessment discussed this report during a number 
of joint meetings with members of the staff, Sandia National 
Laboratories (SNL) and the American Nuclear Society (ANS) Special 
Committee (Dr.  Leo LeSage, Chairman).  We also had the benefit of 
the documents referenced. 
 
1.   INTRODUCTION 
 
In this report, we first offer some general comments.  We then 
offer recommendations concerning the publication of NUREG-1150 and 
provide comments and cautions concerning interpretation or use of 
some of the components of this document.  And finally, we provide 
more detailed comments on some key parts. 
 
We have reviewed the reports prepared by the ANS Special Committee 
and by the Special Committee to Review the Severe Accident Risk 
Report appointed by the Commission and found them helpful.  We have 
no serious disagreements with either of these reviews, nor with 
their findings. 
 
2.   GENERAL COMMENTS 
 
The work described in this draft of NUREG-1150 is an improvement 
over that described in the first version entitled, "Reactor Risk 
Reference Document."  Many previously identified deficiencies in 
the expert elicitation process have been corrected.  The exposition 
and organization of the report have been improved.  The presenta- 
tion of results is clearer.  There is considerable information that 
was not in the original version. 
 
The portion that deals with accident initiation and development up 
to the point at which core heat removal can no longer be assured is 
unique, compared to other contemporary PRAs, in that a method for 
estimating the uncertainty in the results has been developed and 
applied.  This method and its application are significant 



contributions.  Although the larger contributions to uncertainty in 
risk come from the later parts of the accident sequences, this 
portion is enhanced also by an extensive identification of events 
that can serve as accident initiators as well as an associated set 
of hypothesized event trees.  This information should be of 
considerable assistance to licensees in the performance of an 
Individual Plant Examination (IPE).  It should also be useful to 
plant operators and to designers. 
 
The formulation of a more detailed representation of accident 
progression after severe core damage begins, and an improved 
description of containment performance, contribute some additional 
information to this important area.  However, understanding of many 
of the physical phenomena that have an important bearing on this 
phase of accident progression is still very sparse, and the report 
may give the impression that more is known about this portion of 
the accident sequence than is actually the case. 
 
The part of the sequence that begins with the release of radioac- 
tive material outside the containment is treated by a relatively 
new and unevaluated code system.  Furthermore, there is no estimate 
of the uncertainties inherent in the calculations that describe 
this part of the sequence.  Those who use the quantitative values 
of reported risk must recognize that these uncertainties are not 
accounted for in the calculated results. 
 
3.   RECOMMENDATIONS 
 
We recommend that the current version of NUREG-1150, with the 
corrections suggested by several of those who have already reviewed 
it in detail, be published.  However, its results should be used 
only by those who have a thorough understanding of its limitations.  
Some of these limitations are discussed in subsequent sections of 
our report. 
 
Since the supporting documents upon which NUREG-1150 depends could 
be helpful to those who perform an IPE, we recommend that these 
also be published as soon as feasible. 
 
Both the Commission and the ACRS have raised questions about 
generic conclusions that might result from a careful examination of 
the results of this study.  It is disappointing that the staff 
asserts that virtually no general conclusions can be drawn from a 
study that took almost five years and seventeen million dollars to 
complete.  We recommend that the Commission encourage the staff to 
mine more deeply the wealth of information that has been collected 
in the course of this study in an effort to identify generic 
conclusions that might be reached (see Section 5.5 of this letter). 
 
4.       COMMENTS AND CAUTIONS CONCERNING USES OF THE MATERIAL IN 
         NUREG-1150 
 
We discuss below certain areas in which the methods or results 
should be used with caution. 
 
4.1      Differences Among Levels of the PRA 
 



The phenomena which contribute to sequence progression in Level I 
are generally well understood.  Power plant or other related 
experience with system and component performance has provided 
sufficient data to permit predictions of sequence progression with 
considerably greater confidence than for those parts of the 
sequence described in Levels 2 and 3. NUREG-1150 is unique in the 
amount of effort that went into estimating uncertainties in the 
calculated Level 1 results.  It is our view that the results of 
Level 1 can be used with more confidence than those of Levels 2 and 
3. However, as other reviewers have reported, there are recognized 
deficiencies in the state-of-the-art treatments of human perfor- 
mance; and this report is not free of those deficiencies.  In 
addition, some possibly important initiators, e.g., those at low 
power operation or at shutdown, and sequences initiated by fire, 
are either treated superficially or are neglected altogether. 
 
The Level 2 analyses in NUREG-1150 include more detailed contain- 
ment event trees than those found in any previous PRA.  However, we 
have some concern that the amount of detail may lead to a 
conclusion that much more is known about the phenomena in this area 
than is actually the case. 
 
Since there is a dearth of information concerning many of the 
phenomena that determine severe accident progression, expert 
elicitation was used most extensively in the Level 2 portion of the 
PRAs.  There is general agreement that the techniques used for 
eliciting expert opinion in preparation of the second draft were 
significantly better than those used for the first draft.  However, 
with insufficient information there can be no experts.  Thus, use 
of the term "expert opinion" in a description of some of the Level 
2 work may be misleading. (Further comments about the expert 
elicitation process are given in Section 5.3). We applaud efforts 
to improve on the Level 2 treatment of previous PRAs.  We neverthe- 
less believe that the results from Level 2 presented in this latest 
draft must be regarded as having major uncertainties in both 
calculated mean values and in estimated uncertainties. 
 
The MELCOR Accident Consequence Code System (MACCS) was used for 
the consequence calculations of Level 3. Use of MACCS is a 
departure from many existing PRAs that use the Calculation of 
Reactor Accident Consequences (CRAC) series of codes.  MACCS is a 
relatively new code, still under development.  It has been neither 
benchmarked nor validated.  Thus, in addition to the uncertainties 
inherent in the physical phenomena that enter into consequence 
modeling, additional uncertainties are introduced by the use of a 
new and relatively untested code. 
 
No effort was made to estimate the uncertainties in the Level 3 
calculations.  Thus, the estimates of uncertainties in risk that 
are given in the report are only those arising from the uncertain- 
ties calculated for Levels 1 and 2. It is our judgment that the 
uncertainties in modeling the consequences of a release can be at 
least as large as those estimated for Level 2. For example, the 
health effects, especially for low dose exposures, are subject to 
large uncertainty, and the exposures themselves depend on actions 
(e.g., evacuation, sheltering, interdiction of land and crops) for 
which the uncertainty in prediction is largely unknown. 



 
4.2      Assumptions Made in Screening 
 
Users of the report should be aware of the assumptions made in the 
screening process for low-probability, high-consequence events.  
For example, the analysts assumed that the probability of total 
loss of DC power was less than 1 x 10-7 per year and thus could be 
neglected.  The same assumption was made for loss of all service 
water.  Thus, those who use the results in IPE work should 
recognize that these assumptions may not be valid for all operating 
plants. 
 
4.3      Credit for Decay Heat Removal by Feed and Bleed 
 
The success of the feed and bleed operation is highly dependent on 
human performance.  Everyone seems to agree that there are large 
uncertainties in its treatment in this report.  In addition, it is 
likely that the performance of valves, which must function if this 
maneuver is to be successful, are not well represented by the data 
for valve performance used in the calculations. 
 
4.4      Performance of Motor-Operated Valves 
 
There is now a significant body of evidence which indicates that 
the failure probability used to describe the operation of certain 
key motor-operated valves is too low.  This may have an important 
bearing on the outcome of several accident sequences described in 
the report. 
 
4.5      Contribution of Pump-Seal Failure to the Risk of Small Break 
         LOCAs 
 
We believe that more recent information and some new seal designs 
developed since the study was made would lead to a prediction of 
risk less than that reported. 
 
4.6      Containment Performance 
 
The lack of information about many of the physical phenomena that 
determine the performance of a containment system in a severe 
accident situation is such that only educated guesses can be made 
for some sequences that might make significant contributions to 
risk.  Although the large number of event trees developed in the 
containment analyses is indicative of what was hypothesized by the 
analysts, the amount and quality of information concerning a number 
of key phenomena that determine behavior at branch points are low.  
The difficulty of arriving at a result with significant confidence 
is illustrated by two examples.  In the analysis of the performance 
of the Mark I containment used in early BWRs, the experts in the 
original study predicted a large conditional probability of early 
failure.  In the second study a different group of experts produced 
a bimodal distribution because part of the panel concluded that the 
probability of early failure was high, and part considered it low.  
A second example is the calculation of risk produced by postulated 
direct containment heating (DCH).  In the first study, the 
calculated risk due to DCH for PWRs with large dry containments was 
a major contributor to the total risk.  In the second version, its 



contribution was significantly less.  In neither case had there 
been a major change in the information about relevant physical 
phenomena available at the time of the first study.  Further, we 
find no consideration of the impact of ex-vessel steam explosions 
on early containment failure.  There is little unambiguous guidance 
here for a licensee performing an IPE. 
 
5.       AREAS FOR SPECIAL COMMENT 
 
In this section, we provide more detailed comments on some areas 
that appear to us to deserve special attention. 
 
5.1      Fire Risk 
 
The fire contribution to core-damage probability was estimated for 
two plants using insights gained during previous fire PRAs and 
studies, the latest methods and data bases developed under NRC 
sponsorship, and the benefits of extensive plant walkdowns.  The 
methods and data used were probably the best available at the time 
the reported work was performed.  Nevertheless we conclude, on the 
basis of later information, that the results should be viewed as 
being incomplete.  The models used were not able to take full 
account of several issues identified by SNL in a scoping study of 
fire risks that was completed more recently.  These are issues that 
have not been adequately considered in past fire risk studies and 
may increase the risk. of particular concern are seismic-fire 
interactions, adequacy of fire barriers, equipment survival in the 
environment generated by the fire, and control systems interac- 
tions.  The PRA for the LaSalle nuclear plant, which is nearing 
completion, may provide insights concerning the risk importance of 
these issues. 
 
5.2      Seismic Risk 
 
The seismic PRAs for the Surry and Peach Bottom nuclear plants were 
performed using two quite different representations of the seismic 
hazards.  The results however, at least for sequences leading to 
core damage, were similar in terms of which accident initiators and 
sequences were important.  This tends to support the acceptability 
of using the seismic margin approach rather than a PRA in the 
search for plant-specific seismic vulnerabilities in the IPE- 
External Events (IPEEE) program.  However, the success of either 
approach in finding vulnerabilities depends strongly on walkdowns 
to identify those systems and components to be evaluated.  
Knowledge of what to look for is derived chiefly from PRAs done on 
other plants, and these have tended to focus primarily on core 
damage rather than releases of radioactive material to the environ- 
ment.  Although containments are usually quite rugged seismically, 
this is not necessarily true for containment cooling systems, 
containment isolation systems, etc. 
 
Although the two seismic PRAs in NUREG-1150 have been carried 
through Level 3, these results have not been reported.  We believe 
that these results might provide valuable insights about seismic 
vulnerabilities of containment systems. 
 
5.3      The Expert Elicitation Process 



 
There is general agreement that the use of expert elicitation in 
the preparation of the results in this draft of the report is 
improved compared to that used for the first version.  However, we 
have reservations about some parts of the application of the 
process.  For example, during our discussions of the choice of the 
participating experts we got the impression that an effort was made 
to choose participants in such a way that a wide spectrum of 
viewpoints would be represented.  This was defended as proper, 
based on the assumption that unless this wide spectrum of opinion 
was represented, the uncertainty in expert opinion would not be 
appropriately accounted for.  We found this argument unconvincing, 
and would have preferred to see individuals chosen primarily on the 
basis of their knowledge and understanding of the phenomena being 
considered.  Furthermore, we were told that the budget for the 
study provided only enough funding to support the participation of 
about 20 percent of the experts who served on the panels.  The 
remainder were drawn from the NRC staff or from organizations with 
contractual relationships to the NRC.  This biased the selection 
toward people whose organizations depend upon the NRC for support.  
We also observe that the membership of the panels seems to have 
been dominated by analysts in contrast to those who have done 
significant research on phenomena of importance to the accident 
sequences being described. 
 
5.4      Source Term Description 
 
The staff, or at least that part of it closely associated with this 
study, has discarded for future use the Source Term Code Package 
(STCP) that was one of the resources used by the expert panels in 
the preparation of NUREG-1150.  The expert elicitation method is 
too resource intensive to be used generally.  At this time, only 
the MELCOR code is available to the staff for source term cal- 
culation.  Although it appears to be an improvement over the STCP, 
it is not yet fully developed, nor is it generally available in its 
current form.  Some method for calculating a source term will be 
needed by the staff and its contractors for performing or reviewing 
PRAs, as well as for other tasks, such as a revision of the siting 
rule. 
 
5.5      Lack of General Conclusions 
 
We have asked the staff whether the results reported in NUREG-1150 
shed any light on the risk expected due to operation of the 
population of plants now licensed.  With few exceptions, it is the 
staff Is view that one can tell little or nothing about the 
expected risk of plants not studied from the results of the study 
of these five plants in NUREG-1150.  In spite of these statements, 
however, those who prepared the report propose that applications 
will include evaluation and resolution of generic issues and 
prioritization of future research and prioritization of inspection 
activities.  If, as we were told, the results from the analyses of 
these plants have little or no generic significance, application of 
these results must be made with considerable caution. 
 
We believe that the large amount of information collected as input 
to the calculations made during this study, and the results of the 



large number of analyses undertaken, must surely permit some more 
general conclusions to be drawn than we find in this report.  For 
example, the risk calculated for each of the five plants analyzed 
(although calculated only for internal initiators) falls within the 
Quantitative Health Objectives (QHOs) set forth in the Safety Goal 
Policy Statement.  Each was designed and constructed and is 
operating within the rules and regulations promulgated by the 
Commission.  There must be some significance in the fact that 
plants supplied by a number of different vendors, constructed at 
different locations, under supervision of different organizations, 
over a period of more than a decade, with rather different balance 
of plant configurations, and different containments, nevertheless 
fall within the QHOs.  Is application of the NRC's regulations 
achieving the objectives of the NRC Safety Goal Policy? 
 
Another area of interest is the risk reduction achieved by some 
recently promulgated rules.  The report indicates that station 
blackout is a significant risk contributor for three of the plants 
studied.  Answers to questions we asked during our meetings with 
the staff indicated that some of the plants analyzed had imple- 
mented most of the requirements of the Station Blackout Rule, while 
others had only just begun the process.  Could one draw any 
conclusions from the plants studied as to the risk reduction to be 
expected from implementation of the Station Blackout Rule?  Or 
could one estimate the risk reduction for some "average" plant?  
This would be interesting, since in the typical cost benefit 
analysis associated with backfit it is assumed that some such 
conclusion can be drawn about plants generally.  It would be useful 
to see what an examination of these five plants would indicate. 
 
The five nuclear power plants chosen for the study were selected 
partly on the basis of the different types of containment rep- 
resented.  We find little or no discussion of relative containment 
performance or identification of containment designs that might be 
expected to have superior mitigation capabilities.  For example, in 
light of the containment being proposed for the Advanced Boiling 
Water Reactor (ABWR), it would be helpful to have any information 
or conclusions that were developed during the course of the study 
as to relative efficacy of the containment being proposed for that 
design as compared to the Mark I or the Mark III containments.  Or, 
for large dry containments, does the subatmospheric operation of 
the Surry system provide a substantial decrease in risk (because, 
for example, of its continuous indication of leak tightness) as 
compared to a large dry containment operated at atmospheric 
pressure? 
 
Although it may not be feasible to make major changes in contain- 
ments of reactors now in operation, it is possible to choose 
containments with superior mitigation characteristics for nuclear 
plants not yet constructed.  It might even be feasible, as a result 
of the study, to recommend a containment design that combines the 
best features of several of the existing systems.  If in the course 
of this study information has been developed that could be used to 
reduce the conditional failure probability of containment, given 
severe core damage, the risk uncertainty in new designs might be 
reduced without requiring any additional studies of core damage 
progression. 



 
                                  Sincerely, 
 
                                     /s/ 
 
                                  Carlyle Michelson 
                                  Chairman 
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