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Both the Kouts and ANS Comittees recommended that NUREG- |
1150 be issued in final form as soon as possible.- The staff '

O. has made an' initial review of the coments of both
~
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| the final version of NUREG-1150. We believe that the;
E principal changes to be.raade:should include the following: ],

J .o Accounting for changes to the Zion' plant comitted'to
.

by Comonwealth Edison Company to reduce the frequency ,

J of certain important accident sequences identified -in
L - NVREG-1150;

,

'

)
_

o Update of the-perspectives chapters in NUREG-1150
(Chapters 8 to 13) to reflect better. the detailed

F results of NUREG-1150 and those contained in the >

|
numerous underlying contractor reports; and j'

o Update of Appendix C (which provides supplemental- .)
technical detail on key issues) to provide information-
on certain important issues not provided in the second !
draft.- l

.By a staff requirements memorandum dated May 12, 1989, the
staff is-to submit a final version of NUREG-1150 for 1
Comission approval.. Given the nature of;the peer review

. |s
coments, the staff plans to complete this final version and -|

ltransmit it to the Comission by October 31,.1990.
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FOREWORD-
'

:
|

i
i
I

|-
-In- April,1989, the Nuclear Regulttory Commission'sa(NRC) 0ffice of . Nuclear

o Regul.atory = Research published a draft report " Severe Accident Risks: An 1

| Assessment for Five U. S.' Nuclear Power. Plants",: NUREG-1150.. This report . I

updated.1 extended ; and- improved upon the Mormation presented in - the ' 1974
" Reactor' Safety Study",' WASH-1400. Becaus. 1 information in'NUREG-1150 willo

play. a significant role..in implementing the NRC's Severe Accident Policy,~ its-l

quality and credibility are of critical importance. Accordingly, the Commission ' 1
requested that the Office of Nuclear Regulatory Research (RES) conduct a peer !

-review of NUREG-1150 to ensure that.the methods, safety insights and conclusions !
presented are appropriate and adeqyuately reflect the current state of knowledge -
with-respect to reactorisafety.

To this end, RES formed a special committee in June of 1989 under the provisionsJ j
"of the Federal' Advisory Committee Act. The Committee, composed of a: group of.-

,

recognized national and -international experts -in ' nuclear reactor' safety, was- !
. charged with preparing a report- reflecting their review of NUREG-1150 with)

~

1,

respect to' the adequacy of the methods, data, analysis and conclusions it set' I

I

L forth? In carrying out its work, the Committee held a number of public meetings
with NRC staff and contractors to' review the details of the methods and data upon j

| '

L
which NUREG-1150 was based. The report which follows reflects the results of this q

! peer review. 'l
L e ,

L We must express our appreciation to the members of this Comittee _who gave of'-
'

|
~

their ' time and energy, ~ without; compensation, -in the; interests of improving-
-

,

nuclear reactor safety worldwide,. Particular' thanks 1must' go .to Dr. Herbert- )
4

,

h Kouts,' Chairman of the Committee whose leadership helped bring this report to 1
4completion-

'

L.
'

! J
L l

b 'ljp $
M..aL e cd j

,

r

' ' ~ Eric S. Beckjord, Director I
Office of Nuclear Regulatory Research j
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' 1. - BACKGROUND' I#

1.1 - |The WASH-1400 Pgg.t1

As one of the last acts before its replacement by the Nuclear Regulatory
Commission and the Energy Research and Development. Administration, the Atomic

' Energy-Commission published the report WASH-1400, entitled, "The Reactor Safety .

; Study," (RSS), which is often called the Rasmussen Report after tre director of
the project that produced ?t. WASH-1400 was the first complete analysis of the.
' risk of nuclear power platts, for it provided. calculated values of both the j
-probabilities of severe nuc' ear accidents and their consequences.

Before this it was believed that the probability of a severe accident to |
4 a nuclear plant was very small, with an occurrence exoected no more often than = ,

about once every million operating years, although the consequences might be
-extreme, leading to widespread loss of life in nearby areas. The conclusions
developed in WASH-1400 were quite different.- The arobability of an accident
causing severe damage to the reactor core was now calculated to be much higher, ,

but the consequences in terms of public injury or death were estimated to be much
smaller.-

As a' basis for comparing hazards between different nuclear plants, and
'

between nuclear )lants and other hazards to mankind, there was defined a quantity
termed " risk", w11ch corresponded exactly to the concept devised by Pascal in hisi ,

classic study which underlies probability theory. The risk was defined as the
probability of'an accident.' times its consequences. .For this reason, such an
analysis was called a probabilistic risk assessment (PRA).

WASH-1400 also led to new insights concerning the vulnerabilities of the ,

reactor systems that were analyzed. It was found that the possibility of a
severe accident started.by rupture of the largest coolant pipe was not the major
source of risk from the reactors. Rather, the possibility of rupture of a
smallar pipe could contribute more to risk. It was also found that other events
associated with such transient conditions as the loss of load were among the more '

important potential' accident initiators. One of the most important insights was
that the pressurized water reactor analyzed was subject to the possibility of an-

. accident-termed the " interfacing systems LOCA (loss of coolant accident)". This- 3
would c be initiated by the: failure of tthe check valves separating .the high-

-

-pressure primary coolant system < and' the low-pressure emergency core cooling
system. The result ~ could:be serious damage ,to the reactor core, with fission
products released directly to the environment without intervening protection by'
the reactor containment: building _ and without the _ possibility of restoring

'

isolation. This last finding indicated strongly;that the new technique would'
, have high value in uncovering fur.damental vulnerabilities of specific nuclear
~ plants, with some hope of estimating the reduction in risk that could be. achieved-
by. eliminating the vulnerabiliti6s, thereby increasing the safety of the plants.
Because this kind of applicatio1 of the methods is the most important one, we
shall term an analysis of the ty)e developed in WASH-1400 a probabilistic safety

'assessment (PSA), which is closer to the terminology used internationally.

WASH-1400 had an executive summary that presented conclusions on the safety
.of the plants that were ' analyzed. The implications of the estimated risk were

1

3
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extrapolated to further conclusions on the relative safety of the entire nuclear.

industry. The level of safety was compared to that of other industries, and to
safety as seen against the historic background of the effects of such natural
phenomena as floods, hurricanes, and' aven meteorites' impinging on- the earth.-

1.2 The Risk Assessment Review Groun

Though the summarized conclusions were not refuted, critics pointed out -
that- they were comments on the report and they did not really constitute an
executive summary of WASH-1400 and the results it presented. The concept of

-

evaluating risk from a theoretical analysis of the various ways by which_ things_

could go wrong was quite novel, and it was not widely accepted at the outset.
Although the staff of the Nuclear Regulatory Commission had begun to use the new
method of- risk assessment in special. applications, skepticism prevented
widespread reliance on it, or its conclusions.

For these and- related '/easons, the Commission convened a special Risk
Assessment Review Group in 10/7, to advise on the validity of the method and its
uses. This' Group gave a qualified endorsement to WASH-1400. The Executive
Summary was found to be drficient. The methodology was considered to be funda-
mentally sound, though s9me of the analysis was regarded as questionable. It was
implied that the mothe,dology would be found to have _ an increasingly important-
role in the nuclear regulatory program in the future. The Group concluded that

Lthe true risk to be attached to operation of the nuclear plants analyzed in WASH-
1400'might be larger ortsmaller than in the " bottom line" estimates presented,
but that the estimated uncertainty in these values was probably too small.

The Connission reacted strongly to the report of the Risk Assessment Review:
Group. A. press release was issued that, in effect rejected WASH-1400 and its-
conclusions. The staff of the NRC was directed to avoid using it or its
-methodology:in regulatory applications.

1.3 Probabilistic Safety Assessment-in Eurone-

The react > ion to WASH-1400 in Europe wasLvery different from that:in the.

United States.: There was immediately much greater acceptance of the risk assess-
ment methods, partly because -they were recognized as an extension to methods
developed and used for some time in the United Kingdom by Reginald Farmer and his-
associates. A risk analysis then was performed in -the. Federal Republic of

' Germany for reactors-in that country along lines parallel to those of WASH-1400;'

itL arrived at comparable results. Risk studies were instituted in Sweden and
other countries.

Jurthermore, the results of these risk studies led.to more positive action
in Europe then in the United States. - The designs of Swedish and German nuclear
plants were changed to respond to conclusions on ways to reduce-the calculated
values of risk.

,

In the United Kingdom, PSA was applied to non-nuclear questions wi+h impor-
tant benefits. The best known of these was a study of the safety.of-industries

- on Canvey Island, in_ the Thames estuary, which led to improvement in safety
practices there.

2
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, 1.4~ The' Three Mile Island' Accident

=The accident that destroyed the core of the Three Mile Island No. 2 Nuclear*

Plant = reversed the Nuclear Regulatory Commission's policy _in the United States.
~ The-Kemeny Comission, that conducted the subsequent review for the President,.
pointed out that the accident was of the most probable type, according-to WASH-
1400's analysis of the PWR resembling the damaged reactor.: In effect, the acci-

~ dent was a confirmation of what might be called a WASH 1400 prediction. < Starting
from this time,-the activities of the Commission began-to depend more and more
on perceptions of risk as revealed by probabilistic safety analyses.

In the years that followed, the use of the risk assessment methodology has
grown both in the United States and Europe. The methods find a steady applica-
tion in such ways as laying the basis for generic regulatory decisions. The
number of PSA's that have been done on nuclear. plants has grown. At present,
the Nuclear Regulatory Commission requires all nuclear plant licensees to conduct
some level of PSA on their plants, as a means of ascertaining whether there are
outstanding weaknesses in design that should be considered for remediation.

1.5 Effects of More Recent PSA Work

It is now widely accepted that probabilistic safety assessments are valu-
able-for establishing the risk profiles of nuclear plants. More importantly, the
application'of PSA techniques can identify unrecognized deficiencies in plant

- design or operation. With this knowledge, nuclear plant licensees and-designers
have responded more effectively to safety and regulatory concerns, and have made

Examples of such improve from-
We cite four improvements'g' :- in-more informed decisions on plant betterment.

applications of PSA to date are numerous. -

creased redundancy in feedwater systems, improved protection of safety equipment
from flooding, improved integrity of main coolant pump seals, and remedy of

i

problems arising from subtle interfaces between ' instrumentation and control
between the nuclear steam supply system and the balance of the plant.

PSA models also have been used to identify the most cost-beneficial modifi-
cation to plants among several proposed. In doing this,- they have simultaneously
supported the safety analyses and prioritized the modifications. In other
instances, they have _ identified improvements in operating procedures and have
improved the bases for technical specifications.

Applications of PSA also ' benefit day-to-day activities. Examples are

cation, and improved training of staff (ggement of the process of plant modifi-improvements in design or operation, ma
PSA is used-to enhance the staff's',

level of knowledge of the- plant's systems and- their. interdependencies. In
-

addition, the PSA isiused to identify those accident sequences most deserving
attention in the classroom and at the simulator. The-insights from plant spe-
cific PSA's will no doubt contribute importantly to the development of compre-

-hensive accident management measures, and the associated training program.

For these reasons, the active involvement of the staff of the plant in PSA'
work, both in performing the PSA and afterwards, is now seen to be of crucial
importance if its full benefits are to be gained.

3
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The continued importance of PSA methodology is highlighted by an NRC policy
- decision that a PSA must. be carried out- for all new plants. This will ensure
- that the present enhancements in safety through the PSA will be applied-to future,

plants and it paves the way to further enhancements.- Examination of the work to+

- date on new plants already!shows such influence in advanced design characteris-
tics, such as systems that remove decay heat at high pressure,-greater protection
against station blackout, and independence of-instrumentation systems used for

damage frequencies of less than 10''of up-to-date design have calculated core-per reactor year (/ry), and still: systems
safety.and control.1 Nuclear plants

~

to prevent damage to the plant from accidents are being improved. Examples are
~

improved provision against containment bypass and more rugged containment
structures, all of which were identified and evaluated through PSA.

,
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2. THE PRESENT REVIEW

m
2.1 - Source-Term Studies

Within a year after the 'Three Mile Island accident, several individuals.
Lindependently observed that the amount of radioactive material that had been| .

.

released was far less than expected according to WASH 1400. 'They transmitted
L- their observation to the Nuclear Regulatory Commission. This led to a project

; to reassess the source term from a severe accident to a nuclear power plant,
culminating in issuance in July,1986 of NUREG-0956, entitled, "A Reassessment
of. the Technical Bases for Estimating Source Terms." During the reassessment, 4

new insights were generated on the importance of containment and containment i

failure modes on' the source term, and a decision was made to-follow the source |
'

L term study with a complete reassessment of risk attached,to several- diverse-
nuclear plants. This study would draw on all that had been learned about risk:

-

-assessment in the years since WASH-1400 had been issued. This project was
undertaken and became the origin of the draft report NUREG-1150, which is.the- i

subject of the present review.

2.2 The First Draft of NUREG-1150

| .The NUREG _Il50 project produced a first draft in February,1987. The draft ,

| was extensively reviewed world wide. There were three formal peer reviews in the
United States; the most complete of these was conducted for the NRC by members
of a panel chaired by Dr. William Kastenberg (discussed-in Chapter 6 of this;

report). The peer reviews all concluded that there were defects in the method -
ology that had been used in the WASH-1400 analysis. - Therefore, the Office of -|

Nuclear Regulatory Research of the Comission decided that the exercise should
be performed anew with certain basic changes in the methodology. This was done;'

the project was extensively revised, the data base was improved, new analysis was
made, and a second draft was produced, which is reviewed here. ]

y
The analytical studies for both drafts and the draft preparation-involved q

teams from several laboratories, universities, and consultant firms, with' Sandia- '

-

National Laboratory assigned the central responsibility and supplying the
greatest effort.

.

. .1

2.3 The Committee Conductina This Review

In ' 1989, the Comission formed the present Comittee, subject to the
Federal Advisory Comittee Act, to conduct a peer review of the second draft of;
NUREG-1150. The membership of the Comittee is listed on the Title page of this
document. The charter of the Comittee is given in the Appendix.

During its reviews, the Comittee heard detailed presentations by indi-,

viduals who had been engaged in preparing NUREG-Il50. They presented the
methodology and the results, and answered numerous questions raised by the- ;

Comittee. The cooperation and the responsiveness of the project staff members '

and _the NRC staff members were excellent.

It has not been possible for this Comittee to repeat the analyses, to
assess the completeness or correctness of results, nor to determine what the

5
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'* ' arilysts did in-all cases with respect to assumptions and judgmental? matters.-
- Hawever, the Committee is confident that- it has arrived at. balanced - and sup-
portable opinions on NUREG-1150. These,are pf 4 ented.;in the- remainder of this
report.. 3
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3. GENERAL COMENTS' ON METHODOLOGY

3.1 General' Remarks on PSA

To lay the groundwork for the Committee's remarks, we present sem of the
t - features of a PSA,'and then describe, in more detail, specific features of the

work'done for NUREG-1150.

Probabilistic safety assessment of a nuclear plant can be done at three
levels. In Level 1, the probability is calculated of severe damage to the core

~

,

of the reactor, often equated to substantial ~or complete melting of the core.
Different accident scenarios would lead to damage occurring in somewhat different
ways and at different times; these are, therefore, related to different plant
damage states. The results of a Level 1 analysis are, then, principally the

'

;

dominant accident sequences and the probabilities of different plant -damage
states, each of which could arise from more than one accident sequence.-

A Level 2 PSA tracks the fission products released from the different
sequences or-damage states, to determine the quantities, physical and chemical
characteristics, and- timing of their release from the containment building.
These data are collectively called the source term.'

A Level 3 PSA continues the calculation through the dispersion of fission
products through the available pathways, and calculates the consequences in such
terms as damage to human health, land contamination and interdiction, and effects
on the food chain.

The analysis through Level 1 is often called the. front end o' f the PSA,
while the remainder is called the back end.

The probability of damage to the core and the release from the containment
-is-estimated using " event trees". An event tree begins with a specific system
failure or human action called the ~ initiating event, and continues through suc- |

cessive failures or errors that must also occur for the accident or its resulting 'l
release to take = place.. An event tree constitutes a logic chain, with branch .

points signifying the separate failures or errors. Each branch point is associ-- H,

-ated with the probability of the contributing branch event. These probabilities-
'

,
i

may,be calculated from historical data or-from fault trees, which are means:of
estimating the failure rates of more complex devices from the failure' rates of - j

their components. In some cases, expert judgement is used to develop failure
rates'at branch points; the use of expert opinion in the NUREG-1150 process is. a

discussed at length in Section 4.4 of this report. y

t

.Many of the branch point probabilities are developed as probability distri-
butions. The features and origins of these distributions.are discussed in Sec- ,

tion 4.7. As a result, the numerical conclusions of a PSA, regardless of level, ;

'are 'in the form of 3robability distributions, the result of propagationLof the
branch point distri)utions and other distributions through the calculation. _.

>

:
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3.2 Methods Used'in NUREG-1150.

.It is convenient to state.the Connitt.e's comments on_ the specific topics
of NUREG-1150's methodology immediately after these topics are discussed. , More
detailed: comments are reserved for Chapter 4.

3.2.1 Accident Frequency Asalysis

- 3.2.1.1 Initiating Events

In a first step, potentially important accident initiators were identified
and their expected frequencies of occurrence were quantifled. Generally, ini-
tiating events were considered to be potentially important if they led to a need
for actuation of safety systems for rendering the plant subcritical:or for re-

- moving decay heat. The identification of these initiating events and the safety
systems required to deal with them were based on plant data, the results of pre-
vious PSA's, and review of unusual or unique events that might affect the spe-
cific plant. The NUREG-1150 analysis considered only events during normal power
generation, and did not include initiators from the shutdown state or startup ;
operations.

The end product of this step was a grouping of initiating events and their'
expected frequencies of occurrence. The grouping, which was based on similarity
of system response, defined the number and types of event trees to be constructed-
in the subsequent steps of the analysis.

Comments:
'

The list of initiating events analyzed by the draft NUREG-1150 was exten-
sive, and, in most respects, state-of-the-art, but it was not complete. As noted
elsewhere, human orrors of- commission were not' included,E nor- were incidents
started from low-power or shutdown' modes. We note that these are commonly not
covered in-PSA's'. It is not clear as to why loss of instrument air was judged'
not to be important.- For loss of offsite power and:its recovery, the documenta-

-tion does not' allow a reviewer to determine how particular events contributed to
the choice of the final frequency -and probability of gcovery, matters found
important in analysis of the Millst'one_ salt spray event. In treating loss of-.

main.feedwater events,: the analysis assumed that condensate would also be lost,
thereby eliminating a potential source of injection recovery. For-the generic
' initiating event frequency,' the recovery potential may be understated, because
events which actually may not lead to-total loss of feedwater are presumed to do
so.

We note- that leaks or breaks in the mainL steamlines of PWR's were not
considered; this may be because relatively small contributions were attributed
to this initiator in the PSA's of several other PWR's in the United States.- In
these, the contributions to the frequency of core: damage ranged about a few'

.-

percent. Since this value borders on being significant, and might be important
if improvements are made to plants, reducing the probability of damage in other
ways, the topic of main-steamline-breaks might more properly be cddressed.

8
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Finally, we note that' damage to the plant:and its ' safety systems throuyh; 1

wilful human actions, i.e. sabotage, is not covered in NUREG-1150,',nor in other- ;

PSA's. This is understandable in view. of the methodo1ogical- and other diffi-- i
,1

cultiesLinvolved. However, sabotage must be ket in mind when discussing overall-
risk.- ;

3.2.1'.2 -Accident-Sequence Event Trees.

In this task, event trees were constructed which defined the accident
sequences leading to core damage for each of the inititting event groups. The
structure of the event trees reflected the interrelationships of systems and also i

accounted for phenomenological aspects which determine whether the sequences lead j
to core damage. The structure also included potential effects'on core damage to- .

BWR's, through failures of certain containment functionr and systems.
. - .

Attention-was given to various methods of injecting water into the core-
(e.g., control rod cooling systems, fire water, and service water for the BE'd,
in general, very little analysis of plant-specific thermal hydra 611cs was con-
ducted. Instead, the analysts relied on the results of generic analyses and made- )1
judgements as to degree of applicability in many scenarios.

The products of this task were models of all the accident sequences to be j

quantified.in the subsequent step.

Comments: q

In respect to including the modes of containment failure, and in the_ ;evel 1

- of detail, the analysis was advanced over that typically seen ie 7evel 1 PSA's j
performed-at the time of the NUREG-1150 analysis. .The insights an effects of
failures of certain-features are principally important to BWR's,-and'have been
included in recent PSA's of.BWR's.

Some success criteria may be too conservative, e.g., 2 of 2 PORV's required
.to open for feed:and bleed for a PWR.

4

3.2.1.3' Syst' ems Analysis-

The expected frequencies of occurrence of the accident sequence groups were
quantified through the success or failure probabilities at the branch points of'
all required safety functions, depending on the accident sequence. - The-important
contributors to failure of each system were determined by fault tree analysis. , ,

Where an accident sequence led to an end point identified as " core damage", the, 7

fault trees: corresponding to the system functions which fail along the sequence-
path were merged into one large fault tree. Common cause failures and dependent

, - -and subtle failures resulting from system interdependencies were modeled directly ,

in the fault trees, as were human errors associated with testing and maintenance,. '

and also some recovery actions when they were included in the operating proce-
dures or the emergency procedures. The level of detail to which fault trees were 1

developed depended on the importance of the systems and on the data base avail- ,

able to quantify component failure probabilities. The interrelated tasks "Acci-
dent sequence event tree analysis" and ' System analysis" were combined in this
c.anner, using the'"Small event tree /large fault tree" method.

g

.

.i

.f f .

i'' 1 ,



. . . .. .- -- . . _ - . - _ . _ . - ._. - - . .

. . . a

-

._ f<

'
,

- .
.

Comments:

The effort in this task is typical of that of other PSA's. Heavy use was
made of'other,PSA's, both for data and for fault trees.'

Only in the case of Grand Gulf did the 8WR ATWS event tree include the two
branches of early'and late closure of the main steam isolation. valves. In ths
Peach Bottom analysis it was, srobably conservatively, assumed that the MSIV's ~a
closed for all scenarios. We inve found no justification for this differenco, !

based on design data or plant operating experience.

3.2.1.4 Dependent and Subtle Failure Analysis

Dependent' failures from direct functional dependencies were incorporated
explicitly into the fault trees. " Miscellaneous" dependent failures resulting
from less direct causes were incorporated into the fault tree analysis:using a
modified Beta-factor method. Common-cause failures were modeled for mechanical
equipment such as redundant-pumps, valves, diesel generators, and batteries, j

Comment:- -|
'

The consideration of operating experience in the so-called subtle interac-'

,.
; 'tions represents a good attempt to ensure completeness of failure modes. The

L method of treatment of dependent failures was state-of-the-art in most respects.- |
However, the- documentation of common-cause failure analysis is difficult to |
. follow. For example, in some instances references.were made to EPRI common-cause

.

methods and data, but' in-reality, a modified Beta-factor method was used, which
was itself state-of-the-art. The probability of failure of all station batteries
.is critical to the final results and, therefore, needs better substantiation.
Electrica1' control and actuation circuits were not included in the analysis of
common-cause failure. >

3.2.1'.5- Human Reliability Analysis j

'This very important topic-is-discussed in detail in Section 4.8. q
,

" 3.2.1.6 Di,ta= Base on Failures

A ' generic data base for frequencies of initiating events, component
y failure rates, and their associated uncertainties was developed.; If plant data

appeared to'. differ significantly from generic data, plant-specific-data were'

developed, and included in the data base.' Yet plant-specific data were not' used'
if they were based on no failures or one failure observed in a small population.-

'

Comment:u

A rigorous analysis would'always combine the generic and the plant-specific !

information. In fact, this is ofte., done using Bayes' Theorem. However, we note i,

that. in general 'the' numerical differences between the approximate methods of
NUREG-1150 and the rigorous approach are insignificant.
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i3.2.1.7 . Accident Sequerce Quantification

The information' produced in the preceding steps was assembled into esti-
'mates of the frequencies of accident sequences. In this process, event sequences

were dropped from further: consideration if their frequencies were below some
value,iand-if no credit had been given to recovery actions.- For_ the remaining
sequent.es, recovery actions by the plant personnel were' taken into. account, and
included in the-analysis if-they-

were directly stated in the emergency or abnormal procedures, or.

could be expected to result directly from procedural steps, and.

if sufficient timo would be available for diagnosis and completion of-.

the action.

In the latter category, some credit was allowed for " innovative recovery",

actions which were not explicitly identified in the plant procedures, but which
could be provided by the plant's accident response team in long-term accident j

sequences. The recovery actions were plant-specific. Event tree and fault tree
analysis were used to. incorporate them into the accident-sequence quantification.

,

In a second sweep, event sequences were dropped from further consideration
if their expected frequency of occurrence with credit for recovery action was >

below some value, generally 10'7
For Surry, this cutoff value was 10' gaining sequences were analyzed

/ry. Only the ren
/ry for all station blackoutfurther.

sequences.- ,

Comments:
,

The-inclusion of some recovery actions was state-of-the-art in PSA meth-
odology. However, the assumptions behind actual recovery curves are not always
clear.1 For example, in station blackout scenari9s at Surry it was assumed 1

|(without explanation) that following depletion of tem batteries after 4 hours,
the plant could survive 3 more hours without any instrumentation and control, and
then recovery could take place without core damage. These recovery _ actions also..

Iincluded some unplanned ones which normally would be- included,among accidenti
management measures.- Furthermore, innovative recovery actions not covered by-
operating or - emergency procedures should not - be included incthe baseline
analysis, but should be reserved for potential reductions in-risk.

.

We noted an inconsistency for PWR's: thefrequencyofdisruptivefailure
of the reactor pressure vessel was assumed to be between 10gry and 10''/ry, yet
the event was not treated'in the analysis. Rec nt. reviews ( indicate probabil-

-ities.of rupture typically in the range of 10'g/ry to 10 /ry, based mainly on-4

-considerations of probabilistic. fracture mechanics which show"a significant,

influence of plant-specific parameters such as material properties and aging,
. positions of welds, and inspection programs. Thus, a more extensive discussion
imight have been warranted in NUREG-1150.

|
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. 3.2.1'.8 Plant' Damage State Analysis

Plant Damage States t -, " fined to conveniently group the information that. I
must be pkssed on to the sube at' analysis of accident progression and contain- |
ment loads. - The definitions of plant damage. states.provided the status of.the |
plant systems at the onset of- core damage. that included information on the '

status.of;the: core cooling systems, containment systems, and support systems.
i

. The. plant damage states were defined by additional questions at the end of. the
accident sequence event trees..

Comment:

This step was more detailed than the corresponding analysis in other recent
'

<

PSA's. It provided an efficient interface with the detailed and complex accident
Iprogression and containment loads analysis, and constitutes an advance in PSA

methodology,.

3.2.1.9 Uncertainty Analysis

Estimations of the uncertainties in the calculations of core-damage fre-
quency were included in the analysis. The uncertainties in this phase (Level 1)
resulted from incomplete understanding of initiating events, reactor systems, and
operator actions. The ur.ertainties were generated from.a combination of data
inputs and statistical scatter in expert opinion. |

!

The important topic of uncertainty analysis is discussed in more detail in
Section 4.7. !

3.2.1.10 Display of Results of Acciaent Frequency Analysis-

The results for. the total core-damage frequency were displayed as

. . - the subjective probability density function of core-damage frequency

histograms:of Latin hypercube sampling. observations, and.

identification _ of the distribution . measures: mean, median, ar.d '

.-

percentile values.

~ The definitions of plant damage stat'es and their estimated frequencies were
presented in tables. The contributions - of accident groups .to the. total mean,
frequency of core damage were displayed in piecharts. Several other importance .
measures were also discussed and the results presented in tables:

risk reduction potential, which is the amount by which the total core-.

damagc frequency would be reduced if the probability of a specified
failure mechanism were zero,

1
'risk increase potential, which is the amount by which the total. core-.

damage frequency would be increased if-the probability of a specified
failure mechanism were unity,

12 1
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uncertainty /importance, which shows the amount by which the overall !.

uncertainty in the core-damage frequency would be affected_ by the
~ - . uncertainty _ associated with a specified event or phenomenon,-

'

importance of common-cause failure,> which shows the potential effect.

of eliminating all common cause failures, and= 8

in.portance of human errors, whibh shows' .the potential effect of.

eliminating all human errors.
1

(omments:
"

The method of display was a substantial improvement _ over that used in the q'

- first draft of NUREG-1150, and was similar to that in other recent PSA's.
'

In the spirit.of a level 1 PSA, it would have been desirable 'to show in a.
separate presentation the contributions of the unavailabilities of safety systems
to the total frequency of core damage.

Additional discussion of the method of display of results can be:found.in
Section 4.11. .

3.2.2 Accident Progression, Containment Loadings, and Structural Rasponse' i

3.2.2.1 Development and Quantification of Accident Progression Event Trees
-

This part of the analysis traced the physical prcgression of'the accident !

from a plant damage state to quantification of the characteristics and magnitude.
of-a release of radioactive substances. The analysis ~ included the core-damage .

'
process inside the reactor vessel and outside the vessel subsequent to breaching
of the primary system. The impact of these processes on the containment building
structure was analyzed, emphasizing pressure buildup. ]

< All important' aspects of accident progression cannot yet be modeled on the
' basis of validated physical models. Therefore, all possible accident sequences.,

resulting from each plant damage state cannot be described fully and .in-detail -

with current analytical tools.

.

The information used in accident progression analysis consisted of ai
variety of research results, including both experimental results. and. numerous -
computer calculations of specific- important aspects of accident progression. 1

Elicitation of ' expert opinion also . played .an important role. The results J l
-

benefitted considerably from observations of damage at TMI. Many new calcu-
lations were performed for NUREG-1150, filling the largest gaps in knowledge'of
accident progression.

'

The accident progression analysis had four steps: :

,

Development of accident progression event trees (APET's), a.-

K
Probabilistic quantification of event tree' issues,.

13
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Structural analysis, and.

~ Grouping of eventLtree outcomes into-accident progression bins...

' Plant-specific accident progression event trees (APET) were constructed by
posing. a set of ' questions on the physical phenomena affecting- accident
progression.

Many.of:the questions governing the branching probabilities were related-
to such high-level issues as " amount of zirconium' oxidized in vessel?", " amount
of the. core released from the vessel at breach?", and "dabris bed coolable?".
In general, the questions were not answered by calculations based on phenomeno-
logical models. Rather, branching probabilities, dependencies of-a' question on
previous questions, and/or tables of values of parameters wre assioned directly
to'the branch-points. Questions relating to operability of equipment, avail-
ability of power, and recovery actions were addressed in terms of probability
distributions in a way_ similar to the accident frequency analysis. For some of
the key issuet, the knowledge base was rather poor, so expert opinion was elic-
itated to generate these branching probabilities or probability distributions..

Comments: -

The accident progression event tree for each plant consisted of about 100
branches, each having multiple outcomes or branches. It.seemed to us that this
level of detail exceeded understanding of the phenomena involved, and: implied:
greater insight into the processes assumed to be taking place than was justified.
When' confronted !r the need to quantify poorly understood phenomena, it is
certainly necessary to dissect the problem carefully to ensure that important
aspects are not overlooked. But this practice should be restricted to assisting
the thought ' process, and the final quantification should be at a scale
commensurate with the overall understanding.

If phenomenological models . are not provided and directly used, the
dependence of. the -results of the accident progression analysis . on governing
physical phenomena is hidden.

The. generality - of the structure of trees and . the flexibility to - use
differentilevels of. modeling capability and details to answer the questions at
branch points make the method very powerful, but concern can arise about the-
meaningfulness of computed results in cases where little information is available
about the issues. The possibility of introducing;high-level issues makes the
method: efficient, but this feature should be used with caution when applied to
-issues with.a weak information basis.

.3.2.2.2 The XSOR Codes
'

The actual outcome'of: the accident progression event trees in terms of =
release of' fission products to the environitent was found with ar. approximate,
simplified calculational procedure based on the XSOR codes. The process was an
essential part of development: of distributior, functions and uncertainty esti-
mates. The XSOR codes and their use are discussed in Section 4.5 of this report.

~
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g L3.2.2.3- Grouping of the Outcomes of Accident Progression Event Trees

L The process just described generated many alternative outcomes, that were
. grouped into a ielatively small number of " accident pisgression bins". TheseI -

bins were. characterized by features important for the assessment of the release.
L

: ofe radioactive substances from the containment, for example, time, size, and
location of containment failure, availability of equipment and: processes that j

remove radioactive substances from the containment atmosphere. :

. Comment: ;

Basmt melt-through could also occur, even in the presence of other con- - !

tainment failure modes. Therefore, a separate accident progression bin should- I

!- be/used for basemat melt-through because knowledge of the consequences of this |
form of release is useful for other purposes, though not necessarily important J

|

P from the standpoint of risk to the public health and safety.

3.2.3 Elicitation of Expert Opinion
a

One of the distinctive features of NUREG-1150 was the . extensive use of 1
structured, formalized elicitation of expert opinion. In particular, the level -

2 and, more generally, the back-end analysis rested heavily on the outcomes of
elicitation of expert opinion on a number of crucial issues. The process was
used to generate input values and distributions for many of the parameters in the
study where reliable models and values were not available, e.g., due to the com- .q
plexity of the phenomena. The procedure to elicit expert opinion used for the i

first draft of NUREG-1150 and the results obtained with it were extensively
criticized by the peer reviews;.the entire process was restructured and elicita-
tion was redone for the second draft. Of the seven panels of experts that were
assemuled for the latter, only one addressed issues in the Level 1 part of the ;

exercise.

Tne elicitation of expert opinion was such an important part'of the NUREG :
1150 methodology that it is discussed at length in Section 4.4 of this report.

3.2.4 = Consequence Model |
.

The third and final set of calculations in a PSA (Level 3):is ais.sdLat j
i
- quantifyirg the radiological consequences of severe accidents at nuclear oower |

plants. Before NUREG-1150, the major tool for analysis of consequences in almo:t
: all risk assessments was the CRAL series' of codes which were developed for.

E WASH-1400. NUREG-1150 employed the MELCOR Accident Consequence ' Code System |
,

(MACCS), . a relatively new model that is still undergoing development: its -

operation and results have not been tested by extended use.

Calculations with MACCS (as with CRAC) require extensive data for such'
things as the' source term, weather, population distributions, land usage, eco-
nomicEfactors, and health effects. They also. require assumptions regarding )''

E emergency response-(e.g., evacuation and interdiction).
L

:The consequences (e.g., early and latent fatalities, economic loss) are
'

|: calculated probabilistically. A typical MACCS calculation will sample 100

15 j
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weather variations and.a smaller number of population sectors. heresbitsare i
displayed as complementary cumulative distribution functions for er.ch source term . l
and accident sequence. .

In NUREG-1150, thousands of cource terms were generated by the XSOR codes ;

for.use-in the uncertainty analysis (see Section 4.5). However, it would have ;

been too expensive (in terms of time) to run MACCS for each source term. There- 11
fore, a clustering procedure was used to . bin the source terms into a smaller '

number. -For example, in the Peach Bottom risk assessment, 13,895 source terms
.

were' grouped into 54 ') ins. . <

A single MACCS calculation was performed for each bin, and the results used 1

''

for the. analysis of integrated risk and uncertainty. It is important to. note. t
a

that'the uncertainties in the. consequence analyses for each sequence were-not
prosagated. The uncertainties shown in the risk profiles for each reactor and
eac1 consequence are due'to the uncertainty in the Level 1 and Level 2 aspects. ,

of the PSA only. j
:

Comments: j
. ,

We realize that NUi EG-1150 only estimated the numbers of:early and late !
'

cancer fatalities and individual mortality risks, and did not estimate' land
interdiction or economic losses. The following comments are addressed more to
the MACCS code itself and its prospective uses, rather than to the narrower issue. :

of thier use in the NUREG-1150 analysis.

A recent study by Helton et al.* focused on the' sensitivity of the MACCS
results to variations of important input parameters and data as well as on possi- t
ble inaccuracies of.the models. The :;tudy concluded that, "...the potential ef-
facts of consequence modeling uncertainties in the NUREG-1150 analyses or other
integrated risk-assessments could be large..."

:,
~ '

.In addition to these types of, uncertainties associated with consequence'

,
'

calculations, there are ~ several socio-political decisions that. may have a
_

significant' impact upon the magnitude of the health:and economic. consequences, t
,

including the decision of when and over what region an evacuation may be ordered, t

Important eUects' could also flow from the definition of. the " safe to _ occupy"- ,

level 'of contamination of homesiand businesses: and the setting of- the contami- ,

nation levels of food and water that recuire withdrawal frna use. Most calcula-- .

:tions assume that in the United States tiese decisions will be based upon the EPA- !
'ProtectiveActionGuides(PAG). However, the experience in Europe following.the, |
.Chernobyl accident strongly suggests this may not be so.. After Chernobyl, sev-
eral countries set acceptable levels of contamination well below values recom-
mended-by expert international bodies. This action significantly increased the
economic = impact of the.Chernobyl accident. ,;

For PS?'s on U.S. reactors that include Level 3 calculations, the: general 7

practice is to base the socio-political levels described above' by' an interpre- i
tation' that is. consistent' with EPA's PAG's, as was done in NUREG-1150. The 1-

results of the Level I and 2 analysis have produced quite large uncertainties, i

:and so it is not clear whether including this effect would significantly increase
',

the economic risk. ' However, recent experience in the United States.and elsewhere

16
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? ' suggests that much lower levels than those in Protective Action Guides are some--
. i;

.;
'

times set by political decisions and considerations of market acceptance of food
products. This almost always results in a substantial increase in costs for a
very modest reduction in health effects. In such a case, the NUREG 1150 results

,.
for the economic impacts may be biased low, and health impact biased high. ;
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4. MORE DETAILED COPMENTS

.

4.1 Introduction j

The second draft of NUREG 1150 addressed many of the shortcomings identi- i

L fled in the first draft and it provided a more comprehensive and incisive view I

of risk from the existing light-water reactors than did WASH 1400. The second |
draft has substantially improved documentation over the earlier draft.

4.2 Internal Events

4.2.1 Bypass Sequences |
i

One of the major conclusions from the NUREG 1150 study is that risks for I

pressurized water reactors tend to be primarily associated with accident
sequences in which the containment is bypassed. They are usually followed in
importance by sequences with early containment failure. (Late containment
failures are calculated to have very small source terms.) These points are
clearly illustrated in graphs, such as Figures 3.13 and 3.14 of NUREG-1150, which
depict the major. contributors tu risk among the various plant damage states and
accident progression bins considered. It is instructive to note the dominance
of the con'cibution to risk by containment bypass, despite the fact that these 4

sequences are not heavily represented among those leading to core damage, .i.e., j

the proportion is 8% for Surry, 4% for Sequoyah, and 0.5% for Zion. !

Moreover, in the NUREG 1150 study, most PWR core damage accidents do not
result in containment failure, as illustrated in the following tabulation.

Mean Conditional Probability I

.of Containment Failure Modes
'

}gry Seouovah Zim)

'No Containment Failure 81% 66% 74%

Late Containment Failure * 6% 21% 24% ;

Early Containment Failure * 1% 7% 1%

Containment Bypass 12% 6% 1% !

(* Failure above ground)

lu the Surry analysis, bypass sequences dominate risk and are 12 times more'
likely to result in releases to the environment than are sequences resulting in

'

early containment failure. In the Sequoyah analysis, early containment failure
and containment bypass are more nearly equal in probability, but the 1krger
source terms attributed to the bypass sequences result in their being the
dominant contributors to risk.,

In the case of Zion, accident sequences resulting in early containment i

failure are more than twice as probable (1.4% contribution) as accidents 1

associated with containment bypass (0.7% contribution). As a result, the risks
are dominated by the early containment failure sequences for Zion. When the
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component cooling water modifications summarized in Section 4.2.2 are reflected
in the analysis, the estimated probability of early con'.ainment failure will be
substantially reduced for Zion, resulting in an increase in the relative
contribution to risk from bypass sequencas.

A recently completed study by the Electric Power Research Institute enti-
tied, " Evaluation of Consequences of Containment Bypass Scenarios" (NP 6586L),
issued in November 1989, explored the effects of detailtd features of the con-
tainment on the outcome of the bypass scenarios. It concentrated on containment
bypass sequences for PWR's and BWR sequences in which the suppression pool is
bypassed. Plant-specific features from 21 nuclear power plants were considered
in detailed sensitivity analyses conducted with the Modular Accident Analysis
Program (MAAP).

The range of plant-specific features included building size and compart-
mentalization, location of vertical and horizontal passages, and location of
communication >aths with the environment. Other influences were the presence
and/or operability of equipment (fire sprays and ventilation equipment systems)
and geometric considerations that might determine whether fission products would
enter.the reactor or auxiliary building under water.

The calculations showed that the magnitudes and types of estimated fission
m

product releases to the environment are highly sensitive to the number and loca-
tion of paths to the environment, to the compartmentalization, to the position
of doorjambs, to the flow area to the environment, and to the scrubbing effects'

of water pools and sprays. This EPRI research, conducted after the completion
of NUREG-1150.. shows that the potential for mitigating fission product releases
can be significant, although the degree of mitigation would be highly plant-
specific. The _ work implies that in the IPE analyses underway, care must be
exercised to ensure that the methods used can deal properly with the features
affecting the outcome of containment bypass scenarios.

It is recognized that any study has to have a cutoff date for introducing
new information and data; NUREG-1150's cutoff date was February 1988. However,
this issue could have an important effect on the outcome of some NUREG-1150
calculations, and we address it among the conclusions and- recommendations in
Chapter 7. Citing more recent studies, such as the EPRI report mentioned above,
should help guide the users of NUREG-1150 to existing analyses which- provide
detailed assessments of some of the most important accident sequences identified
in NUREG-1150.

-
'

4.2.2 Treatment of Zion Nuclear Plant

The esti ated mean core-damage frequency (CDF) for Zion stated in NUREG-
1150 is 3.4x10'g/ry, which is significantly higher than the frequencies estimated
for Sequoyah and Surry. A reactor coolant pump LOCA, caused by a loss of cooling
water, contributes 85% of this frequency. Commonwealth Edison Company has com-
mitted to improve the availability of this cooling water, to install new and
improved seal 0 rings, and to implement more effective operating procedures. The

nts, using existing NUREG-'
NUREG-1150 contractor has told us that these improvemg/ry, a value comparable to1150 methodology, could reduce the C0F to about 5x10'
that of the other PWR's studied. We recommend that the final NUREG-1150 report
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state the likely impact of Commonwealth Edison Company's committed modifications
on the results for the Zion plant results. This action would emphasize the fact
that the greatest importance of a PSA is- in its use to improve safety by
revealing weaknesses that can be remedied.

4.3 External Events

4.3.1 General

The treatment of external events is not as complete nor as definitive in
NUREG 1150 as is the treatment of internal events. The reasons for this are:

The " state-of-the art" of the assessment methodology is not as refined.

as for internal events, and

The assessment of external evei,ts (seismic and fire risks) was included.

as an appendage, rather than an integral part of the study. Thus, it

was not practical to analyze more than two of the five plants studied
in NUREG 1150.

4.3.2 Estimate of Seismic Hazard

A simplified approach was taken in NUREG-1150 in defining seismic initi-
ators, which leads to failure from all resulting transients, small or large.
Containment failure was based on broad assumptions rathtr than on structural
analyses.

Since the seismic contribution to risk is so large in cases where it has
been examined, we extend our attention to the source of uncertainty in its
estimation.

The estimates of seismic hazard use two different model sets of ground
motion' attenuation, one developed by the Lawrence Livermore National Laboratory
(LLNL), and the other by the Electric Power Research Institute (EPRI). The EPRI
and LLNL models give very different estimates of seismic risk. To understand
why, it is necessary to consider the two models and their derivation.

Seismic risk is associated with large earthquakes rather than with small
ones, even though the larger seismic events may be centered at a greater distance
from the nuclear plant and will, naturally, be more rare. Therefore, the
attenuation of the ground motion over substantial distances becomes important..
Models of the modes of attenuation are important parts of seismic methodology.

Ground motion attenuation models of both EPRI and LLNL consist of twc
parts:

The basic model for estimating mean log ground motion as a fun *ction of.

earthquake size and distance from source, and 7

!

The variability (randomness) in ground motion about the mean estimate.

caused by heterogeneous geological-differences, seismic source term .

ivariations, and uncertainties in measurement.
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Both EPRI's and LLNL's modeling of ground motion treat each of these parts
as uncertain. They characterize uncertainty in the basic model by specifying
alternative models (three by EPRI and eight by LLNL) to compute an average
result. Each model is weighted to determine its contribution to the average.

:EPRI (i.e., a group consisting of its consulting seismic scientists)
assigned weights to each of its models based on a consensus of the goodness of
fit to the available data. The primary model, EPRI-1, which was qualified
against nearly 600 ground motion recordings in the eastern United States, was
judged to yield the best fit, and therefore, was given a weight of 50%. The
other two models (EPRI-2 and EPRI 3) are widely accepted in the peer-reviewed
literature but are qualified with many fewer data, and, therefore, each was given
a weight of 25%.

LLNL assigned weights to each of its models by averaging the independent
recommendations of a panel of five seismic scientists. The eight models were
weighted from a low of 6% to a high of 32%. It should be noted that a weight of
54% was given to spectral shapes typical of western U.S. earthquake sources,
which have less high frequency energy relative to eastern U.S. sources. Four of
the five expert panel members gave one model (the G16-A3 model) a weight of zero;
the fifth (the author of the model) gave the G16 A3 model a weight of unity and

.zero weight to the remaining seven models. Accordingly, the G16 A3 curve was
given a weight of 20% in the LLNL hazard computation.

The weight of 20% given the G16-A3 model in the LLNL seismic hazard
computations, due to the opinion of one expert, is the dominant reason for LLNL's
hazard results being consistently higher and having a larger uncertainty than
EPRI's. The difference is particularly large in the mean values of distributions
and at rock sites. In the median, which is less sensitive to the tails of the
distribution, the EPRI and LLNL predictions are reasonably consistent from site
to site.

The seismic hazard analysis in NUREG-1150 shows how the final risk esti-
mates and the associated uncertainty bands may be influenced by a single member
of an expert panel, given the small number of experts on many panels. The
seismic hazard analysis highlights important issues in the selection of panel
memoers.

The uncertainties in total risk from nuclear power plants due to seismic
hazards analysis may seem to be considerable. When evaluating these uncertain-
ties, e.g., with respect to compliance with overall safety goals, the following,
points should be noted:

Nuclear power plants, which comply with seismic design criteria for a
particular site, would most probably be damaged to the extent of giving rise to
large releases only if a seismic event were to occur of such a magnitude that
other societal damage in terms of loss of lives and property would be consider-
able. Much of the uncertainty in the ground motion models, which appear to
dominate the uncertainty in the seismic hazards analysis of nuclear power plants,
also applies to the estimates of risk of such other societal damage. Thus, the
relation between risks to public health and safety from nuclear power plants and
the corresponding risks from damage to other structures in the case of seismic

22
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events as initiators appears to be less sensitive to uncertainties in local
ground motion models than is the estimate of risk from seismic events. This
finding should be kept in mind as the NRC safety goals are basically related to
other types of risks through comparisons.

4.3.3 Analysis of Fire Risk

The analysis of risk from fires was limited to the Surry and Peach Bottom
plants. By and large, the analytical methods were at the level of state-of the-
art. The possibility of destructive fires is important in the analysis of risk
to nuclear plants because fires are potentially contributors to common-cause
failures. However, most of the information on fires was in supporting documents
which the Committee did not review.

The Committee believes fires are such important initiators of possible
accidents that the analysis should have been extended to all five plants treated
by NUREG 1150,

4.4 Excert Ooinion

One of the distinctive features of NUREG 1150 was the extensive use of
structured, formalized elicitation of expert opinion. This process provided
input values and distributions for many of the parameters in the study for which
values were not otherwise available or where the available results were incom-
plate, highly uncertain, or internally discrepant. The experts were generally
asked to provide distribution functions for the parameters rather than point
values. Latin hypercube sampling from these distributions was used to provide
input values for the risk calculations, constituting one of the key steps in the
generation of the uncertainties in the estimates of risk.

The expert opinion process involved sev'eral steps:

Selection of the exnert onnels. Several expert panels were assembled..

An attempt was made to include technical judgements from national
laboratories, government, universitias, and industry, endeavoring to
include a wide range of views. This did not always succeed.

Trainina. Professionals in the elicitation of expert opinion trained.

the. panel members in that discipline. These same . professionals
provided guidance throughout the expert elicitation process.

Technical Presentations and Discussions. The objective was to provide.

the experts with the information and relevant technical literature
available on the subjects, and, consequently, to bring all the experts

.on a panel up to approximately the same technical background and level
of understanding. The process involved presentations to the assembled
experts by specialists in various aspects of the issues, and group
discussions.among the experts.

Elicitation Process. After the training sessions, the experts were.

given several weeks to review the material, continue discussions,
consult other experts, and make additional supporting analyses of their

23
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own. In some cases, the groups were reassembled for additional dis- |
'

cussions and presentations. Each expert provided his/her opinion on ,

an individual basis in a private session with an individual trained in- !
'

'

the elicitation process. The experts were also required to provide
detailed documentation of the rationale for their opinions.

Results. The values or distribution functions from the experts were.

averaged to provide those used in the analysis.

Expert opinion was t11 cited for the initial draft of NUREG-1150 but this
was not- the formal, professionally guided process described above, and most of
the reviewers of the ini41a1 draft were critical of this first attempt at elici- i,

tation. Therefore, the elicitation was repeated using this more structured pro- |
cess. The comments of the Kastenberg Panel on the treatment of expert opinion ;

in the first draft, and the views of this Committee on the changes made for this i
draft, are given in Chapter 6 of this report.

Expert opinion e11 citation is technically less satisfactory than the use l

of detailed, validated analytical procedures, or experimental data. Considering |,

the lack of understanding of some phenomena, the uncertainties in the scenarios, j
and the state of development of many of the analytical procedures, some form of i

expert opinion was unavoidable, however. With this in mind, we comment on the i

expert opinion process of NUREG 1150 as follows:

Formal, professionally structured expert opinion is preferable to the.
,

current alternative, according to which tho' individual - PSA analysts ;

make informal judgements which are not always well documented. How- !

ever, it is not as technically defensible as analysis using detailed, :
validated codes. The reproducibility of the results of expert opinion ;

is a concern.

Recognized professionals were employed to - guide the process, with !.

procedures that appeared to be state of-the-art.-

,

There is-always a cuestion as to who is an expert on a given issue. :.

The meabership' of expert _ panels for the second draft of NUREG-1150 |
seemed to be better than that for the first draft. Yet it still seemed !

to be unbalanced, in that the panels had more analysts and fewer per- !
'

sons with practical engineering experience who might have expertise on
the phenomena; the panels included more users and fewer generators of
data than is preferable. '

i

!
.|

; . The training of the experts and their subsequent discussions were.

*

| valuable in clarifying the focus on the important issues.

The procedure for expert elicitation provided a structured method for| .

introducing additional analytical and experimental results into the
NUREG-1150 process. r

The process was well-documented. This_ documentation should prove *
.

valuable in future studies on the issues subjected to expert opinion, i
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The number of issues addressed by the expert panels was limited to i
'

.

those judged to be most important, due to the workload assigned the j

panel members, and the time available. Other issues, for which expert i
iopinion was required, were addressed by the )roject staff without the

same formal procedures being used. Even witi the very limited number
of issas presented to each panel, the workload on the individual
expert was sometimes excessive. Because distritzutions were requested, ,

many experts were asked to produce several thousand numbers, along with I

detailed supporting documentation.

Expert opinion may have been relied upon too heavily in some instances..

An important example is the treatment of core cooling after containment
failure, where expert opinion was used to argue that equipment would ,

fail 70 - 80f, of the time if environmental temperatures exceeded EQ !

limits. No explicit analysis was performed to determine the impact of I
!local environmental conditions on equipment heatup and the potential

for subsequent failure. It may have been thought that the analysis
would have been too time consuming. It would have been appropriate if
possible to have developed these analyses and then to have subjected
them to critical review to which expert opinion could have been
directed.

There are some subjects for which the expert opinions were either.

incomplete or were not targeted on the correct issue because definition
of the issue evolved subsequent to the elicitation and resources were ;

lacking to update it. In these cases, the Sandia staff modified the i

expert opinion to treat the redefined issue. For example, expert ;
dstructural opinion was obtained about the failure pressure and mode for

steel lined concrete containments. The experts' opinions focused upon
slow pressurization, i.e., a time constant of hours. As NUREG 1150
evolved, the study team realized that it also needed to consider fast I

pressurization, i.e., a time constant of seconds, therefore, the $4ndia
staff extended the expert opinion to such situatior . U,1 fortunately,u ,

these new calculations were not reviewed with the expert panel and are H

not reported ~in the NUREG-1150 Main Report nor in other documentation
available to the Review Committee.

.

The study assigned equal weight factors to the opinions of all experts..

Some other methods, which might develop unequal weight factors, were
not used. 1

\.

The elicitation of expert opinion is complex, time consuming and expen- I.

sive. Therefore, the full scope of this methodology may have very
limited future application. It is unlikely that a procedure of this
magnitude will be repeated for several years, although expert elicita-
tion on single or narrow issues may be practical. However, it should
be remembered that throughout the study analysts had to decide how to
use technical information of all kinds; this form of " expert judgment" ,

is necessary in all PSA's.

l

l
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4.5 Level 2 Uncertainties and the XSOR codes i

!
A key objective of NUREG 1150 was to determine the uncertainties in the !

values of risk. The Reactor Safety Study (WASH-1400) was criticized for not
giving enough attention to these uncertainties. The procedure for evaluating i

'

uncertainties in the Level 1 (front-end) PSA's in NUREG-1150 was well established
in previous PSA's. This was not the case for the Level 2 (back-end) calcula- .

'tions, however, which have been neglected.

To generate statistically significant output distributions in the Level 2
,

calculations, numerous calculations were necessary, each corresponding to a )
different combination of input parameters. The input parameters to each of these
calculations were selected by the latin hypercube method. The calculation was
repeated many times, each with a new set of randomly selected input parameters, 1

until, after a large number of calculations, reasonable distributions were
obtained for the output parameters.

Unfortunately, the codes normally used to perform the Level 2 calculations

are larg(e, detailed, and very expensive to run (i.e., the Source Term Code )
Package STCP)oranalternatecode). To repeat thousands of calculations with
these codes was impractical; in fact, these codes were used for only a few 1

(possibly 10 or 20) of the Level 2 calculations for each plant. Very simplified J
parame^.ric codes were used for the remainder of the calculations. These were !

called the XSOR Codes (e.g., the SURXOR code was used for the Surry calcula-
tions). The XSOR Codes were sier.w mass-balance equations with constants in the ,

equations determined from detailed calculations. In a simplified sense, the XSOR
'
,

codes were normalized to the detailed calculations, and were used to interpolate
between the few detailed results.

,

Therefore, the readers of NUR!G-1150 should be aware that of the thousands
,

of source terms results presented, only a few were obtained using the detailed i
state of-the art calculations. The remainder were calculated using the para- ;

n.etric~ XSOR codes. This trade-off met the need to generate many results in order
to evaluato the uncertainties. |

!

The XSOR codes themselves are mathematically self-consistent since they are
simply mass-balance equations. The XSOR process is not exact, however, approxi-
mations being introduced in selecting the correct input values and constants for
the codes and in ignoring, or greatly simplifying, the interdependence and ;

timing. This was the cost of approximating the very complex physical processes 1
'

in the Level 2 analysis by simple parametric equations. .

l !
*

! Sandia National Laboratory and Battelle Memorial Institute have estimated
the error introduced by using the XSOR codes. The results from the XSOR codes-
were compared to those from more detailed calculations and showed reasonable
agreement; this was regarded as validating the XSOR process. .

|: Caution is recommended in applying the XSOR methodoloqy and using its
results directly, because of these approximations. XSOR resu' ts seem valuableI

L in screening results to determine dominant scenarios and for generating uncer-
tainties in distributions, as they were used in NUREG-1150, but they cannot,

l >
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supplant the more accurate methods for determination of point results of specific
input variables.

The overall strategy for generating the uncertainty values in Level 2,
including the use of the XSOR codes, appears reasonable, since the tests that
were made indicated that the uncertainties introduced by the codes are small
compared to the overall Level 2 uncertainties.

4.6 Key Issues in the Accident Proaression Event Trees.

Some key issues deserve special discussion.

4.6.1 Arrest of Core Degradation before Vessel Breach

if core degradation were to become arrested before failure of the bottcm
head of the reactor pressure vessel, the structural integrity of the containment
could only be threatened by large hydrogen burns, whose probability, however, is
small for such sequences.

Core degradation may be arrested by early restoration of the emergency core
cooling function. Such restoration may be effected by recovery of electric power
in station blackout sequences, or by depressurization as a consequence of passive
failures of parts of the pressure retaining boundary, such as failure of the main
coolant pump seals and subsequent activation of the low pressure ECCS of a PWR,

If core degradation is arrested, the sequence ends in the accident
progression bin "no vessel breach". Otherwise, it can end in one of the bins
associated with containment failure. The bin "no vessel breach" has a relatively
high conditional probability for all plant damage states of PWR's.

The capability to model the issue is rather poor. We cannot yet judge the
validity of the conditional probabilities associated with the bin "no vessel
breach". If the estimate of the conditional probability of this accident pro-
gression bin had to be lowered..the results would shift towards an increase of
the conditional probabilities associated with bins responsible for high offsite
consequences. This effect would be more pronounced for PWR's than for BWR's.

4.6.2 Failure of Main Coolant Pump Seals

The depressurization of the primary system after the failure of the main
coolant pump seal is an issue important to the arrest of core degradation. The
probability of pump seal failure was generated from elicitation of expert
opinion. The aggregated density function reveals large uncertainties. The
distribution is bimodal with two pronounced, widely separated peaks resembling
delta functions.

We feel uneasy about the large uncertainty which expert opinion assigns -

this important parameter, which can be determined experimentally. The result
introduces large phenomenological uncertainties into the question of depressuri-
zation via the pump seal. It will also cause difficulty in determining the
effect of the new Westinghouse seals on the results of the Sequoyah, Surry, and
Zion analyses. While it is generally acceped that these seals will reduce the
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- leLkage rate, it is not readily apparent how the bimodal distribution of NUREG- |
'

1150 would be affected by the revised estimates of leakage rates and times for .I

initiation of leakage. The answer will impact both core-damage frequency and J.

consequcnces in future assessments. ;

)
4.6.3 Temperature Induced Failure of the Hot Leg in High Pressure Sequences ;

in NR's 1

1

Another possible mechanism for depressurization of the primary circuit of .|
a WR in high pressure sequences is temperature-induced structural failure of hot i

'leg piping. It is assumed that such failures would lead to less severe contain.
ment loads than a bottom head failure. These sequences are of high importance
in risk for WR's.

The analytical and experimental bases for the quantification of this issue I

are weak. Therefore, expert opinion was used to generate a probability distri- :

bution. |

We note that only one of the three experts whose op'nions were elicited )
provided a distribution function. The two others made the statements "...if
necessary conditions for high temperature were met, the leg would always ~ 4

.'
fail...", and "...if high temperatures lasted long enough hot leg would always
fail. For shorter time at high temperature hot leg would sometimes fail..."

,

Since the crucial point in the analysis is the estimation of the hot leg -

temperature, we cannot see how these two statements were incorporated-into the I

aggregated probability distribution presented in NUREG-1150. Therefore, we !

cannot judge the validity of the result. [

4.6.4 NR Containment Loads During High-Pressure Melt Ejection ;

If the bottom head of the reactor pressure vessel were to fail with the ;

system at high pressure, large amounts of molten core and structural material, '

water vapor, and hydrogen would be ejected into the containment. An attendant
,

. pressure buildup in the containment atmosphere would result from a superposition i

of several effects: i

Blowdown of vapor and hydrogen >.

;

Combustion of hydrogen.
;

'

Interactions of molten core material with water on the-. ,

containment floor, and

Direct heating of the containment. i.

!

In the NUREG 1150 analysis, the pressure rise at time of vessel breach was i
treated as one single issue. summarizing the contributions from all four sources, i

Several parameters are thought to be important in this analysis:
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f pressure in the reactor vessel.

amount of unoxidized metal in the melt.

fraction of the molten core ejected.

initial size of hole in reactor vessel.

availability of water in the reactor cavity.

operability of containment spray system..

Some of these parameters are highly uncertain, and their combined effects
on containment loading are still more uncertain. The uncertainty in the contain-
ment load curves does not sr.tm to be important for the strong containments of the
Surry and Zion plants. For Sequoyah, however, small changes in the containment
loads curves cause significant changes of the probability of containment failure.

In the initial draft of NUREG-1150, direct containment heating (DCH) and
hydrogen combustion were the major contributors to early containment failure
(ECF) for PWR's, and ECF was the dominant contributor to risk. In the current
draft of NUREG-1150, this situation has changed dramatically. The containment.
bypass sequences dominate risk for the PWR's (as discussed in Section 4.2.1)
because of a large reduction in the probability of ECF. This reduction in ECF
in the current draft is the result of thrae factors.

,

There is a large increase in the probability that the RCS would be at.

a reduced pressure before melt through of the vessel.

Given DCH, the calculated pressures in the containment are lower..

The estimated strength of the containment is greater..

The considerations that contribute to the increased probability of pressure
reduction in the RCS prior to vessel melt-through include depressurization by the
plant operators, melt-through of the hot leg, a stuck open-relief valve, and
failure of the seals of the reactor coolant pumps. Unfortunately, the treatment
of the pressure rise at vessel breach as a single issue by the expert panel
obscured a more complete understanding of how the various components contributed
to the reduced probability of ECF.

4.6.5 .Basemat Melt through of PWR Contunments

The CORCON code was used to model the erosion of concrete by molten corium.
Calculations for the Surry plant suggest that basemat penetration would occur not
earlier.than 5 days after accident initiation, if at all. This result is derived
by extrapolating from a calculation which could not be carried beyond 1.1 days
of continuous computer operation. The speed and amount of erosion of the
concrete strongly depend on the distribution of the decay _ heat into the fraction
consumed to erode the concrete, the-fraction consumed by evaporation of water,
if present, and heatup of the containment atmosphere.

29

.



. _ . _ _ _ _ _ _ _ _ __- _ _ _ - _

. .

.

i-

i
'

In the CORCON calculation, this division is much less in favor of concrete 1

erosion than in other computational models, for examg WECHSL, which has been i
validated by the BETA experiments for dry conditions ' ). We suspect that the l
concrete erosion progresses faster and with greater intensity than is estimated )
in NOREG-1150, with a corresponding increase of hydrogen production. However,
we agree with the assessment in NUREG 1150 that the melt-through per se has no
important influence on health risk.

I

4.6.6 Hydrogen Production in the Ex-Vessel Phase in PWR's (

The rate of hydrogen generation in the ex vessel phase of a core melt
accident depends on the coolability of the debris, and on the molten core- !

concrete interaction, if the debris is not coolable. !
l

The coolability of the debris bed is influenced by the mode of vessel |

breach and the amount of water available in the cavity or in other parts of the :
containment building. Significant erosion of concrete by molten core material l

is unlikely if water is present in the cavity at time of vessel breach. However,
thero is insufficient information on the probability of availability of water,
and on the mode and size of vessel breach.

If the debris is not coolable because there is no water, the generation !

rate of hydrogen essentially depends on the speed and intensity of the molten ,

core-concrete interaction. For reasons explained in the section on basemat melt- )
through, we believe that this process is modeled incorrectly, so that ' the !

hydrogen generation rate in the ex-vessel phase of accidents in PWR's is ]
underestimated. !

i

4.6.7 Drywell Shell Melt through in BWR Mark I Containments

If a severe accident were to occur to the Peach Bottom Plant, leading to i
melting of the reactor core, early failure of the BWR Mark I containment might i

result- from molten core debris penetrating the steel containment shell. This
'

failure mechanism has the potential for severe offsite consequences. According
to the NUREG-ll50 analysis, the accident progression bins associated with drywell 1

imelt-through are responsible for about 90% of the calculated early and late
fatalities. -This result was derived from the conditional probabilities for dry- 1
well melt-through generated by an expert panel. The judgment of the individual
members of the panel is nearly binary, i.e., the panelists either believe that +

the drywell would almost always fail or that it would fail very rarely; indi-
vidual judgment is nearly independent of initial and boundary conditions. The i

aggregate distribution depends critically on the composition of the expert panel.' j

Since this issue combines severe offsite consequences with very large
uncertainties, a better resolution of the issues is clearly demanded. !

4.7 Remarks on Uncertainty Analysis

Uncertainty analysis is an integral part of PSA and one of the most contro-
versial. NUREG-ll50 has made significant contributions in at least two areas,
namely, model uncertainties and the formal use of expert opinions.- While most t

work before PSA focused almost exclusively on parameter uncertainties, NUREG-ll50
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recognized explicitly that our incomplete understanding of important phenomena ;

often leads to different models that may be the dominant contributors to uncer. 1

tainty. The formal use of several models in PSA requires an assessment of their i

credibility, and this was achieved by eliciting expert opinions, as discussed j

elsewhere in this report. The formal methods that NUREG-1150 employed for such ;

elicitation and the extensive debates that have ensued constitute a significant i

advance in PSA methodology, since they force visibility on the use of "engi- i

neering judgment", which is abundant, yet often hidden, in safety studies. The i

critical element of the whole process, e.g., the selection of the experts, is now ]

widely recognized and appreciated. j

It is important to realize that the kinds of uncertainty that are of main j
interest in PSA's are due to lack of knowledge. (The opening of a valve upon -

demand is a stochastic event whose outcome is not known; however, this is not the
kind of uncertainty with which PSA's are concerned, rather, the uncertainty on
the numerical value of the frequency of the valve's failure to open is the state- !

of knowledge uncertainty that a PSA would typically attempt to quantify.) The !
distributions that express this uncertainty are often called subjective, and they )
are generated from expert judgment and statistical evidence, if available. j

Statistical information is typically available for frequencies of events that ')
appear in the front end cf the PSA. For the so-called back end, expert judgment i

dominates. The question, then, is whose judgment ought to be used. j
.

We note that in the back end, subjective distributions are given for high- j
level parameters (" issues"), that describe the outcomes of complex physical or i

chemical processes whose basic uncertainties are at lower levels. Mechanistic ;

computational models that would relate these lower-level parameters to the-
higher-level issues are not employed (for example, the amount of core debris !
involved in ex vessel steam explosion is an issue, and its dependence on such -1
lower level parameters as heat generation rates and chemical reaction rates is )
not modeled explicitly). Developing subjective probability distributions for :

such high level parameters may not always be the best approach, since the physics |

of the underlying processes does not get the attention that would be desirable. j
l

4.8 Human Reliability ]

4.8.1 Introductory Comments

Human Reliability Analysis (HRA) is recognized as a very important part of
PSA, and yet one of the weakest. The TMI accident focused the attention of the 1

industry and regulatory authorities around the world on the significance of human . |
actions in preventing and managing incidents and accidents. ]

NUREG-ll50 is a major study. Its methods and results will find many uses,
e.g., in the resolution of generic issues, the review of Individual Plant Evalua-
tions (IPE). and the identification of areas for further research. Therefore,
we deemed *M important to address the following issues in our review of NUREG-
1150's HRA:

The methods used for HRA and the associated uncertainties..

1
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Human actions and factors that are left out of the analysis, but,.

nevertheless, may have a significant influence o', overall estimates of !

risk.

To illuminate some of the points made, we end our comments by discussing i

'in more detail the HRA of one particular sequence, namely the ATWS sequence in
the two BWR's analyzed.

4.8.2 Methodology

Modeling the thinking processes of operators and their interaction with the
plant systems is difficult. Several human reliability model have been proposed
in the literature, and research is active in this area. WUREG 1150 has pre- )'
dominantly used one of these models, namely, the Accident Sequence Evaluation 1
Program (ASEP) HRA procedure, which is based heavily on the THERP methodology and ;

is considered as one of the state of-the-art methods in PSA applications.

However, benchmark exercises indicate a fairly large spread in the results
obtained when different methods of HRA are used, and a'so between the results 1

obtained by different analysts using the same method. This was evident in the J

findings of the Human Factors Reliability Benchmark Exercise (HF-RBE) organized !

bytg)IspraJointResearchCenteroftheCommissionoftheEuropeanCommuni--
'

ties Teams from several countries used various HRA models to estimate human i.
'error-rates for both pre-accident and post accident tasks. The results reached

by different teams differed significantly, and the organizers concluded that ;

... human reliability analysis is an art rather than a science, and it is too"
i

early to specify preferred ways of performing the analysis..." ]

The NUREG-1150 team, in their presentations to us, confirmed that other '

models could have been used and that the uncertainties are substantial. The
argument has been advanced that the conservative screening procedures that were ,

employed and the wide uncertainty ranges that were assigned to the error rates
include the results that other models would have generated. However, such an
approach goes against the presumed goal of a PSA, namely, the realistic esti-'

,

nation of risks. Furthermore, the use of an error factor does not necessarily ;

cover the possibility that the models systematically overestimate or underes- -

timate the human error rates. Indeed, one of the observations of the Ispra HF-
RBE is that THERP tends to give lower results than those of the Human Cognitive -

Reliability model, thus creating the suspicion that there may be systematic
biases. When uncertainties are estimated, it should be kept in mind that, in ' 1

reality, thers may be a large variation in performance shaping factors, depending ,

on the actual situation (e.g., ti:r.y of the day or night) and the specific charac ' '

teristics of the control room crew on duty. In fact, some of the factors influ-
encing the uncertainty bands in the human error probabilities at a particular
plant may be associated with the concept of " safety culture" (see section 4.9
below).

Given the current state of the art in HRA, it would be unreasonable to i
expect NUREG-1150 to resolve all the outstanding issues, including use of,a ;

universally accepted model. Our preceding comments are not intended to address
the individual merits of THERP or other models. On going research both in the
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United States, primarily sponsored by the NRC and the Electric Power Research
Institute, and also research abroad, may eventually answer these questions.

However, we note that NUREG 1150 has pioneered the explicit treatment of
model uncertainties and the use of expert panels to weigh the relative merits of
alternate methods of analysis, yet did not employ this approach for human

,

c actions. Experts were consulted for two operator related issues, namely, #5:
Innovative Recovery Actions for Long Tern Sequences Involving Loss of Containment
Heat Removal, and #10: Use of High Pressure Service Water Spray in the Dry Well.
However, these experts were not asked to asser,s the impact of using alternate
models, as we discussed above. Especially notaole is the fact that expert panels
were not used to address the treatment of errors of commission, and the methods
and data used in the HRA of some very complex situations in the control room, a
such as the early phase of an ATWS sequence in a BWR. ;

4.8.3 Errors of Commission j

The only errors of commission covered by the HRA methods used appear to be |
those caused by deviation from proper maintenance and test procedures, though
some others may be implicitly included in empirical failure rates of systems.,

! The NUREG-1150 study itself recognizes that errors of commission emanating from i

i misdiagnosis of a degraded safety state or of an accident in the making are not
considgrjd. We would point out that in y)me PSA's, e.g., those for the ;

Oconee and Seabrook nuclear power plants an attempt was made to at least !

L structure the problem using " confusion matrices". In our opinion, such errors
of commission not included in the analysis might contribute to risk an amount ,

|
i

j comparable to that from some mechanistic initiators. This opiniog' bjs,egnhbman factors analysis of several incidents in recent years'

indicating that serious errors in decision making in the control room, driving !
the plant into a degraded safety state with respect to defence in depth capabil- 1

ity, may have a frequency of occurrence comparable to such serious technical l
' disturbances as rupture of steam generator tubes, on which substantial analysis I

efforts have been spent. We note that serious errors in the decision making 1

process in the control room were among the contributing factors to both the TMI i

and Chernobyl accidents. I

PSA models assume that all the actions of oparators are guided solely by- |
the operators' desire to bring the slant to a safe stg This is not neces. 1

sarily true. Conflicts of interest lave been observed , and are recognized
in at least some of the HRA 1rocedures used (e.g., in the analysis of the ATWS
sequence discussed in the fol' owing Section) by introducing a " reluctance factor"

,

among the human performance-shaping factors. Their importance is also recognized ' ;
L
I by the industry and regulators, in stressing predominance of the need to protect
' the public and the plant. Bearing in mind the difficulty in quantifying the

effect of attitudes, which, in our opinion, is beyond the state-of the-art in
PSA, it is nevertheless important to recognize the potential significance of such
reluctance factors and countervailing compliance factors when NUREG 1150 is used

L for risk evaluation and risk management. ]
|- Collecting field experiences and simulator data is probably the most |-

credible way to address this issue. A start has been made through EPRI's !

Operator Reliability Experiments (ORE) in which a limited set of data on errors
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and their causes was collected from several plant simulators, using actual |
'

' operating crews and .ccioent scenarios. Analysis of tnese data is underway and !'

will be expanded to understand causes of these errors and to look into practical !
,

I means for modeling, quantification, and integrating them into PSA's,

4.8.4 The ATWS Analysis as an Example }
| ;

To illuminate some of the issues raised in the preceding sections, we have ;

reviewed in more detail the HRA performed for the ATWS sequence in the two BWR's !

(Peach Bottom and Grand Gulf), with special emphasis ..; manual initiation of j,

boron injection using the Standby Liquid Control (SLC) system. A principal ;
'

reason for this choice was that the ATWS sequence is among the principal con- |

tributors to risk from internal events for the two SWR's, with a fairly high 1

conditional probability for early containment failure. Furthermore, the sequence {
is characterized by complex interactions between members of the control room crew |
in a short interval (about five minutes) of high stress at the start of the event ;

sequence. |
.

While the ASEP HRA procedure is the dominant one in NUREG 1150, exceptions
occur in the BWR ATWS sequences. The Grand Gulf sequence was analyzed in detail
using THERP by a Sandia National Laboratories (SNL) team headed by Alan D. Swain, ,

the principal developer of THERP. This analysis includes insights gained through ,

plant visits, the review of training manuals and emergency procedures, as well
as the performance of three ATWS scenarios on the Grand Gulf simulator. The i

Peach Bottom ATWS sequence was analyzed by a Brookhaven National Laboratory (BNL)
team. Insights from plant visits and reviews of procedures also were used by
this teast however, the quantification of human error rates is carried out using
a certain set of. time reliability correlations (not those used by THERP or ASEP).

The NUREG 1150 PSA team was asked to give a more detailegresentatior, of
ttom PSA' while only the

detailec documentation was examined for Grand Gulf @3
the HRA serformed for the ATWS sequence in the Peac

The presentation of the r
;' Peach Bottom sequence demonstrated good traceability of the methods and data used

in the analysis, as did the detailed documentation of the Grand Gulf case. 3

It is interesting to compare the results of these two analyses for the same -|human action, namely, failure to initiate Standby Liquid Control-(SLC). The
Peach Bottom analysis estimates that the operators must initiate SLC within 4- ;

'

minutes from the beginning of the accident to prevent the temperature of the :
suppression pool from becoming excessive (the Main Steam Line Isolation. Valves '

.(MSIV)areassumedclosed). The probability of this human error is estimated by' ,

the BNL team to be 0.02 (mean value). The uncertainty distribution is estimated :

using human error probabilities HEP) g)om four previous studies of similar
'

sequences ranging between 0.26 an 0.01 The Grand Gulf analysis estimates i.

that the operotors hayw 2 to 7 minutes to initiate SLC and the probability of t

failing to do so is 0.0001. i

The question that inevitably arises is how much of this substantial i

difference in HEP's is due to the different methodologies employed and to the
'

different groups of analysts using them. T 3 documentation fatis to reveal any
differerces between the layouts of the two control rooms of major significance
to the HEP in this sequence. Also, the Grand Gulf analysis cites two factors

'
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that would contribute towards a hightr HEP in Grand Gulf than in Peach Bottom.
These are the necessity to fetch keys to operate the SLC switches, and the
assumption that only two operators are initially available in the Grand Gulf
control room to cope with the numerous tasks called for in the first minutes of
this transient, versus three in Peach Bottom.

The methods and data useo in the analysis of this particular situation
raise several questions. Indeed, it may be questioned if the relatively simple
models used in NUREG-1150 for the ATWS cases are the most appropriate ones, when
analyzing a complex, high stress situation involving communication between
several persons, each with multiple tasks to perform,

in fact, records of actual behavior by the control room crew in real stress
situatgns of a broad'iy similar nature loss of all feedwater in Davis Basse
(1985) 3, loss of power to ICS in Rancho eco(1985)' ), indicate that crews may
initially focus all their efforts on one action strategy, which to them appears
technically sound in the perceived context, but is not necessarily the strategy
prescribed in the procedures. If the chosen strategy is not successful, they may
easily use up the time window available for the prescribed action if this time
window is as short as about five minutes.

In our opinion, it would have been valuable if the theoretical HRA's of the
ATWS sequences had been tested against real events, such as those cited above,
as a basis for an in depth analysis of uncertainties in HRA. This test could be
done as part of the input of expert opinion on the merits of different HRA
models. Such an approach to the ATWS HRA appears more appropriate _and consistent
with the us' of expert panels for a number of back end issues of similar
imimrtance ; wasured in their contribution of overall risk.

4.8.5 Cc 'rsions

.

NUREG-1150 shows that substantial progress has been made since WASH-1400
in human reliability analysis, including consideration of recovery actions.
However, additional research should be devoted to errors of commission.

,

4.9 Manaamment influence

As already stated above, NUREG-1150 is a major study, and its methods and
results will find many uses, e.g., in the resolution of generic issues, the
review of Individual Plant Evaluations (IPE), and the identification of areas
requiring further research. Therefore, it is important to have a clear picture
of what is left out of the analysis. (Some areas of concern were addressed in
previoussections.) Recent experience has led safety experts to the belief that
the quality of plant management has a decisive influence on the safe operation
of a plant, with an impact on PSA that has not yet been thoroughly investigated
and understood.c

'9 The International Nuclear Safety Advisory Group (INSAG) advances the view
that a fundamental responsibility of management is the establishment of a safety

organizations engaged in activities related to nuclear power..."puals and
culture governing "...the actions and interactions of all indiv

Such a
culture would allow "...an inherently questioning attitude, the prevention of
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a commitment to excellence, and the fostering of both personal
*

complacency,
accountability and corporate self regulation in safety matters..."

While it is beyond the current state-of the-art to identify quantitative
measures of safety culture, most experts agree that recent major accidents (e.g.,
Chernobyl and THI) were, in part, due to the failure of senior management to
establish such a culture (see also the discussion on the use of " reluctance
factors" in our comments on human reliability analysis). The available PSA
models cannot account for the influence of management quality on risk and, hence,
it is understandable that NUREG-1150 does not address these issues. In fact, we
doubt that the concept of management quality may be factored into PSA in a quan-
titative way, either at present or in the near future. The impact of management
quality on safety is currently addressed through other activities pursued by INPO
and the NRC. However, as stated above, it is important to bear in mind that
management quality is not reflected in the risk curves when the insights and
results of this study are used.

4.10 Cutoff Criteria

4.10.1 General

It is important that all essential contributions to risk be taken .into '

account in probabilistic safety assessment. On the other hand, it is not
reasonable to wish to evaluate all conceivable accident sequences, nor is it
possible to do so. Therefore, criteria are needed to distinguiri between what
is to be considered in the analyses and what is to be neglect ed. These are
cal,1,ed cutoff criteria. NUREG-1150 has cut off'its curves at t *obabilities of
10' /ry, which appears to be on the low side. Clearly, the cale ,1ations did not
include numerous natural phenomena of severe destructive capability that might
have caused very serious con:equences, as well as consequences from other modes
of operation than full power. The following comments outline a basis for more
effective cutoff criteria.

~1n the front-end analysis, the cutoff criterion is often based on the
frequency of the sequence, with _ sequences neglected if their frequencies are
below the cutoff. If the neglected sequences are not associated with completely
new phenoment, this cutoff cannot noticeably influence the results if the chosen
cutoff frequency is sufficiently low.

In the back-end analysis, the calcr. lated distributions can also include
consequences at extremely low frequencies. These low frequency contributors are
associated with large uncertainties and they do not contribute appreciably to'
risk. Therefore, a cutoff criterion should also be applied ,in the back-end
analysis to eliminate them.

Meaningful quantitative cutoff criteria require considering the level to
( which frequencies are really needed, and to which meaningful results can be

calculated in probabilistic analyses.
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~ 4.10.2 In Connection.with Low Frequency Sequences

It is well established practice in reactor safety in general, and in PSA I
in particular, to consider families of events and plant damage' states. This ;

practice greatly reduces the likelihood of omission of accident sequences that d
should be included. In the front-end analysis, initiating events are usually j
grouped into families based upon the similarity of physical phenomena or the |

- response needed from plant systems. Depending on the system's failure neodes, :

different sequences of events within a single family may finally lead to !
different physical phenomena and consequences. Therefore, it is appropriate te i
provide a different grouping at the back end of the analysis. It is helpft1 fori j
that purpose to define plant damage states * that include all sequences leading i

to a physical condition of the plant with common attendant outside consequences, |
(source terms).

fr each plant damage state, the families of events with high probability |
of occurrence dominate the calculated contribution to risk. Therefore, excluding i

low probability sequences from the analysis will not change results signifi- ;

cantly. Which cutoff frequency is appropriate depends on the classification of
event families and on the frequency of the dominant risk contributors. Experi-
ence shows that neglecting sequences with a frequency about two orders of magni-
tude below the calculated mean core-damage frequency does not noticeably change

Thus for p1 nts that have a mean core-damage
the overall core' damage frequency. frequency of 10' /yr, a cutoff frequency of 10,p/yr seems appropriate.

The situation is different if entire plant damage states are neglected.
Dropping an entire plant damage state might cause an entire class of consequences j
to be dropped from the analysis. But then it is not. reasonable to analyze. in '

detail plant damage states whose frequency is below that of catastrophic failures I

j like that of the reactor pressure vessel, for which the conditional probability

upper bound for the frequency of such a failure at about 10'prstanding sets the
of severe offsite consequences could be high. Present und|

per plant and year'

for a pressure vessel that has an acceptably low nil ductility temperature,
including the region of the welds.

,

4.10.3 In Connection with Low Risks

PSA is increasingly used for decision making, in particular, for identi-
fying means for further risk reduction. The consideration of small contributions ,

to risk is not helpful in this context, in particular if their calculation is !

influenced by large uncertainties. Therefore, decision making normally includes
a de minimis** concept providing a clear cut distinction between a substantiated,
real risk which is to be limited and reduced, and insignificant riske that are
not reliably assured. A de minimis threshold can best be established by con-
sidering comparable risks in other areas of human action that are commonly
accepted as insignificant,

d

; * This definition is not the same as that given in NUREG-ll50.
** de minimis non curat lex
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Several countries have adopted safety goals associated with the risk of |
accidental death of individuals Q2x10' /yr. depending on age). Associated :

cutoff values in the range of 5x10 /yr to 10,,/yr are used in this connection. .

Risks below those limits constitute only a small fraction of the total fatality
. risk from all causes. |

-

!

For individual risk of late cancer fatality that might be induced by radia- |
tion, natural background radiation provides an appropriate scale for comparison. |

!earth a typical
Though the dose from natural radiation varies widely over thg/Sv*, the relatedrate is 2 mSv/yr. Since the risk coefficient is about 5x10'

.

commi,tted annual risk of death from cancer induced by natural radiation is about
above 2x10'pr limit to the geographical variation of that risk would be1x101/yr. A lo i

Sv/yr; in some parts of the world this value is as high as
well.2

,

5x10 Sv/yr. Thus, modification of the risk by an amount below 2x10'5/yr can be. ;

considered insignificant compared to the natural variability of this risk. The !

conclusion is even stronger when it is noted that there is no proof that radia - ;

tion at low dose and low dose rate is harmful. , Restriction of the probability
^

i

of latent cancer fatalities to less than 2x10' per year, as implied by the :
safety goals used in the United States, is far below that limit and well within i

the range where the contribution to the overall cancer risk ( 2x10'3/yr) is - !

negligible. |

Thus, it is reasonable to neglect individual risks which are about one i

order of magnitude or more be ow the value associated with the US safety goals.
A de minimis threshold of 10')/yr would appropriately _ represent this reasoning.

3

Reduction'of risk to values below that level would not affect the overall risk
to an individual.. The results of risk analyses of consequences with lower '

frequencies are not meaningf3 for decision making, because the risk of events1

with probabilities below 10 /yr is definitely dominated by large natural or
other manmade catastrophes.

'

4.10.4 Conclusions
IWe believe that a realistic cutoff.in both frequency of severe accidents

and their resultant risk is warranted, and should be encouraged _in all PSA's, i

ate that event families and plant damage states !
The preceding considerations indip/yr should be neglected in probabi}istic risk

.

!d
.

with frequencies below about 10' i

analyses. .In addition, a health risk in the range from 10' to 10' times the,j~ For curves of accident magnitude
~,

normal occurrence rate also seems feasonablevs frequency, a cutoff at from 10' /ry to 10'g/ry in frequency seems warranted.
1

'

4.11 Disolav of Results

4.11.1 General Comments

In the first draft of NUREG 1150,the numerical results or, risk were pre-
sented according to a " box and whiskers" concept which gave an indication of the ,

ranges of distribution in risk without reporting details of the distributions or. !

the principal statistical measures of mean, median, or the percentile brackets. ,

* ICAP 90
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The motivation was apparently to respond to criticism of the presentation of'

results in WASH-1400, where it was considered that insufficient attention was
given to the uncertainty in results.'

However, the course adopted for the first draft of NUREG-1150 was itself
criticized heavily in the subsequent peer reviews, on the grounds that it had
gone too far in the other direction. Essential infomation that should have been
available because it had been generated by the analysis was suppressed by the way
the results were shown. -

.

The second draft, reviewed by this Committee, followed a more conventional
course, showing the probability distributions and the major parameters. This- ,

choice responds well to the criticisms of both WASH-1400 and the first draft of
NUREG-1150, and the present Committee endorses the decision.

However, two other questions arise as a consequence of the choice and its*

results. The first concerns what to do in the face of distributions that ares

L asymmetrical and very broad, covering several decades of. variability, soinetimes
[ with bimodal shapes. This pattern has usually resulted from differences of

|
opinion among individuals elicited for their expert opinion. The second question

3 also results from the broad statistical spread in the results, which causes large
differences between the statistical values of the mean and the median values of
distributions. These questions are addressed in turn.

4.11.2 Wide, Asymmetric, and Bimodal Distributions !

At first appearance, the unusually wide distributions in risk generated by .

the NUREG 1150 analysis are surprising and confusing. They are, however, a :
natural result of the elicitation of expert opinion on phenomena that occur under
very unlikely conditions, and that are poorly understood.

Individuals who analyze the effects of events with low probability are
accustomed to thinking in terms of owers of ten. When such people use an
expression such as "approximately 10'p" or "of the order of 10 ", they have in4

mind variability of the exponent rather. than the coefficient. Since expert
. ,

opinion is sought on rare and poorly understood events, the distributions that ;

'

.: are proposed typically range over decades.
1

|: Furthermore, the information base on such events is, by its nature, sparse.
!' Therefore, these experts have little by way of experience to guide them, so that

various g'ements of bias may be introduced in the opinions of individual,
{ experts.( .

m
.

The sparseness of data, combined with the poor understanding, causes the :J
q' wide probability distributions seen in the NUREG-1150 inputs and outputs. The .

same situations also account for the bimodal shapes, because the inadequacy of( ' information is commonly accompanied by polarized views and overconfidence in4 ,

|; personal judgement. .

:p

L Little can be done by way of methodology to improve this situation. As :

long as the analysis aims to incorporate the breadth of informed opinion, wide ,

3

and even occasional bimodal distributions will be generated. The best that can
>

r
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be done is to recognize their origins, and to make allowances for them. In this
setting, as in many others, prudent advice would seem to be to scrutinize
carefully all extremes of viewpoint.

It can be hoped that, in the long term, the accumulation of experience will
narrow the distributions in many inputs and outputs of risk assessmerts. This
is, however, unlikely for many of the important ones, because the objective of
safety is specifically to avoid just those events that would generate the data
useful for risk analysis.

4.11.3 Means or Medians? )
It has been said many times that the." bottom line' results of a PSA should

not be used in regulatory decisions. By this it is meant that the uncertainty |
distributions attached to risk are so wide that a judgment as to whether a i

particular plant is safe enough should not rest on a single value of risk, as j
calculated from its PSA.

Yet it is somet'ines necessary to approach doing just that. Three examples
come to mind. The first is encountered at the design stage of a plant, when
there are design choices to be made, the preference being determined; in part,
by safety considerations. The comparative influence on safety of the alterna-
tives is determinable, in part, from a PSA type of analysis. Though this analy- i

isis may often be very rough and incomplete, in some modern applications the
1process can sometimes be continued to an essentially complete product. Then, a

single number from the PSA for each alternative is the basis for comparison.
;

A second and timilar example is attached to exercises such as the IPE now
underway. A_ major objective to identify weaknesses in design or operations of ;

a nuclear slant. This will be done by determining the effect of a design or .

operational feature on risk as it is determined by point values,

l. The third example is a result of adoption of safety goals, which are i
usually expressed qualitatively but are interpreted quantitatively in terms of ,

point values of risk, such as short-term or long-term health effects of. acci-
dents. It !s made clear that they are not to be used as measures of whether |
individual piants are safe or unsafe. Yet if single statistics on risk for an f
individual p'. ant greatly exceed the values used for the safety goal, strong i

pressure is felt to improve the situation. And if the point values indicate
conformance to the safety goals, the tendency is to accept the situation and move ,

on to the next question.

There has been much discussion over the matter of preference between use
,

of the mean and the median as a point indicator in such cases. Which is the one 7

that most accurately represents the full distribution? We leap forward to the t

answer:- the preference depends on the precise question being asked, in some i
applications, the mean would be preferred; in others, it might be the median. ,

,_

There may be instances in which neither would suffice.

The matter assumes substantial importance because asymmetries in distribu- ,

tions cause means and medians to be well apart in value. In formation of the ;
mean value of a variable as

40
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fxf(x)dx
I

-

the larger values of x tend to dominate the averaging process, especially because
of the typical spread of the probability distributions over some orders of magni- i
tude. TN contribution to the integral at smaller values of the variable x is,
generally - not very great. As a result, the mean values of input and output i

variabies tend to be located near the upper ends of the distributions, while the !

medius are found naturally at the midpoint, with equal areas of the distribution
on either side. Some of the distributions of risk derived in NUREG-ll50 have
mean values outside the 95" se' centile ranges. [

i

In engineering circles, where expert opinion is sometimes obtained from !
several com stent persons, engineering reality is generally thought to lie in the !

region where there is a preponderance of agreement among the experts. An outlier :

in the form of a dissenting opinion on the side of pessimism might alter an engi- ;

neering decision to cause it to lean more toward the conservative side, but this |

would be regarded more as prudence than a change of opinion as to where realism- i

lay. Generally speaking, in determining answers to straightforward engineering
questions, the tendency would normally be to settle for the predominant weight >

of engineering judgment, or an answer near the median, of course after the !
!introduction of a safety factor.
(.

On the other hand, if.the question is motivated by safety considerations,
'greater weight would have to be given to the conservative, more pessimistic
6estimates. This would lead to a preference for the mean, which has that

character, or an even higher point on the distribud on. 4

- From these considerations we conclude that the current form of display of
the results in WUREG ll50 is preferable to that in the first draft. Presentation t

of the means and the medians along with the distributions allows readers to
: extract the information most suited to their purposes.

!4.12 .Comoleteness and Uncertainties in Overall Risk Estimates.

In general, NUREG-1150 represents state-of-the art methodology irt PSA and
associated uncertainty analysis. However, comparison of resulting risk figuresI

! between individual plants and with quantitative safety goals must be made with
! caution, taking into account questions as to the completeness of the analysis and ;

uncertainties in methods and data. Of course, such caution is also needed when ;

more conventional deterministic methods are used. Such caution becomes esse-
cially relevant when discufsing overall probability estimates of catastroplic

*

events of the order of 10' per reactor year or less. In our review of NUREG ' j
1150, we identified such r'servations in the following areas.

k

Certain potentially important effects are not explicitly or fully.

covered: events starting from the low power and shutdown modes, ;

sabotage, and aging which may not be fully covered by current
inspection and maintenance programs.

.

Completeness of modeling of interdependencies of technical systems,.

including detailed modeling of auxiliary systems, formally regarded as ,

not safety-related. The contribution to overall risk from the
,.
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component cooling water and service water systems identified in the
Zion PSA is one example. A similar risk contribution was found in the
Swedish Ringhals 1 PSA from some electrical protection circuits, which
turned out to be common to both safety related and non safety related
equipment. ic

4 . Completeness and uncertainties in the area of HRA, especially with.

respect to the treatment of errors of commission. ;

Completeness and uncertainties associated with the analysis of externale

events. -

Uncertainties associated with probabilities mainly based on expert -.

judgment, especially where considerable divergence of opinion existed.

The impact of " safety culture" and management quality is not included. |.

Although this impact cannot yet be factored into the PSA, it is impor-
tant to bear in mind such impacts as overall decisions are made on -

plant safety.
,

There are also uncertainties in the modeling of consequences due to deci-
sions that would be made only during, or after, a severe accident. These deci-
sions are of a socio-political nature and include such things as evacuation, '

interdiction of land and foodstuffs, and the valuation of real property. These ,

uncertainties were not included in the NURg'g50 analysis of consequences,
'

although they have beeri discussed elsewhere.

Nevertheless, NUREG-1150 is a substantial step forward in clarifying vari-
. ous contributors to risk and in developing PSA methodology, not least in the >

exposure of uncertainties.

Taking into account the remaining uncertainties in the PSA methodology,

e.g., with respect to completeness in the treatment of hung /ry should be regarded
.

n factors and external
events, estimated core damage probabilities much below 10
with some caution. Taking into account that the resilience of a well-designed :
containment is largely independent of the particular type of core-damage +

sequence, this indicates that risk figure for a large release based on a core- (

damage frequenpy of 10'' to 10'p/ry and a conditional probability for containment'i
'failure of 10 might be assigned a higher credibility than a risk figure based

mainly on a low core-damage frequency. (See also Section 4.10 on cutoff
criteria.) |

Many of the limitations and uncertainties mentioned above may be reduced
by improved PSA methodology and by improved experimental and empirical data. -

Such improvements should be made part of the IPE program, but not delay it. We
note that many improvements in methods ~ and data have become available since the !

closure date for the NUREG 1150 analysis,
t

In particular, special attention should be given to further development of
human reliability analysis and to proper calibration of the procedures used for !
it,- to enable comparisons to be made between plants, and with quantitative safety
goal s.
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4.13 A Tool for Risk Reduction and Risk Mar'Aament

Some wide uncertainty bands (and associated contributions to the mean value
of risk) may be reduced by proper application of risk reduction and risk manage-
cant techniques, using the insights gained from the PSA to modify the plant and
its procedures. The NUREG 1150 methodology is of special value in this respect,
because it allows a more sophisticated approach to risk management, addressing
not only major contributors to risk, but also contributors associated with large
uncertainty bands. Cases of special interest include sequences where the risk
of high consequences is mainly driven by the overlapping tails of probability -
distributions for two events, e.g., the probability that the containment pressure

= exceeds a certain value and the probability of containment failure at that
pressure.

One approach to risk management in such cases would be to consider as
tolerable a small increment in the probability of an event with small or moderate
consequences as a trade-off for a substantial reduction of a large uncertainty
band associated with a high consequence event, even though this event has a low
point value estimate of probability. This has been the case, for instance, with
the risk from sequences leading to early containment failure of the Mark I BWR
contsinments. The filtered containment venting systems installed in PWR nuclear
phiits in some countries exemplify such an approach, where the issue of uncer-
tainties in failure of the containment from overpressure is resolved by accepting
a possible small increment in the probability of a minor radioactive release by
unwarranted operation of the filtered vent system.

4.14 Presentations of Additional Results

The presentation of the final risk results is much influenced by tentative
safety goals of the IJ!=C, .xpressed as individual and societal health risks from
accidental evpsure to radiation. In many European countries, safety goals and
objectives are related to a low risk of releases with disruptive offects on
society, typically meaning releases with a potential for long-term restrictions
on land usage over large areas. Such safety goals as those used in Europe do not
require an elaborate level 3 PSA with evacuation modeling. The summary presen-
tations of the results in the main report do not facilitate comparisons with such
alternative safety goals. An addition of such comparisons or their later publi-
cation might especially enhance the value of the NUREG 1150 study outside the
United States, since many may not be calculable from the data in the report.
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5. COMPARISON WITH WASH-1400- g
'

5.1 Introduction 1'

.

Major - progress has been made in severe accident technology, and risk
= assessment methodology since the publication of the pioneering Reactor Safety j

Study, WASH-1400. NUREG-1150 is a comprehensive statement of the use of these- ;
-

new capabilities'in updating the risk assessments of nuclear power plants. It-''

- iis of . interest, therefore, to examine the changes which have occurred in the
. results of those risk assessments. The comparison * must be limited to the Surry
PWR and Peach Bottom- BWR, the only two plants evaluated by_ WASH-1400. In
addition, the comparison is limited to median results and internal events since . :!
WASH-14M did'not compute the mean results nor expifcitly treat external- events. ' ;

1
The cwr.a have resulted from two broad categories of progress:

There has been a major increase in data on equipment reliability and 1.

. 'in the analytical methods for the transient behavior of systems, which
I

L give greater insight into accident initiators. These data resulted
s

from continuation of pre-WASH-1400 R&D and from increased attention to| .

understanding, avoiding, and mitigating the possible small-break,Lloss-*

1 -

of coolant accidents whose importance was shown by WASH-1400. Many.of.
the programs were jointly sponsored by the NRC, the suppliers, and thel q

L utilities-through the Electric Power Research Institute; several were El
'

| conducted ~ by organizations''in other countries or jointly with such-
|

organizations.
,

,

.

. A radical 4 infusion of experimental data and an extensive development.

- of analytical methods have improved mathematical analysis of 'engi-
neering questions pertinent to severe accident progression, containment

. performance, and the severe accident source term.' R&D in these areas
was relatively sparse before WASH-1400, but was accelerated . greatly-

j; after the TM1 accident.
,

:|t

| '5.2 _ Core Damaae Freauency

b The ndian core $m49e frequency (CDF) for Surry is reduced from 6x10'5/ry
| in WASH-1400 to'2.3x10' /ry in NUREG-1150 (a factor of 2.6) and for Peach Bottom -

from 2.9x10',/ry to 1.9x10',/ry, (a. factor of 15).

Modifications of the Surry plant since WASH-1400 provided cross-connection.
L+ of the high-pressure safety injection systems, auxiliary feedwater systems, and
|| the refueling water: storage tanks for the-two units, measures which have sub-
1 stantially reduced the probability of core damage from loss-of-coolant accidents.

Although NUREG-1150 added reactor coolant pump seal failurn as a new initiator- -|

1 I
l

* Edward A. Warman, Sr. Consulting Engineer of the Stone and Weoster Engineering -|
Corp., has provided us with the extracted information from which comparisons have
been drawn.
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:to the small-break LOCA sequence : thereby. increasing the probability of a small.
break loss" of coolant by a: factor of ten, plant modifications offset' this- .;
increase, leading to the overall. decrease in core-damage probability for Surry.

Nipetyis1x. percent of the median CDF estimated in WASH-1400 for Peach
Bottom wts due to ATWS ' sequences and failure of long-term decay heat removal. .

The risk from core damage estimated in NUREG 1150 as resulting from_ failure of
.long-term decay heat removal is substantially reduced because Peach Bottom was-
modified to permit venting of the containment. The CDF from ATWS sequences was
reduced in NUREG-1150 because the plant implemented ATWS fixes, and ' modern ;

neutronic and thermal-hydraulic analyses.of the ATWS sequences have resulted'in
lower calculated core power levels during the events, allowing more opportunity
'for mitigation. As a result, station blackout has be me the largest contributor- 1
to core damage. ;

The range of uncertainty in CDF as estimated by the ratio of the median to :

95* percentile is not greatly different in WASH-1400 and NUREG-1150 for either
plant, i.e., a factor of 5.8 and 5.6, respectively, for the Surry analyses, and i

n. factor. of 4.5 and 6.8, respectively, for the Peach Bottom analyses. ,

;

5.3 Accident Proaression and Containment Performanqa j

The median cumulative containment failure pressure of the Surry reinforced- ;

concrete containment was estimated for NUREG-1150 to be 130 psig nther than the :g
L 80 psig estimated for WASH-1400. This revision results from empirical data that !

"

became available after issuance of WASH 1400, and analytical methods improved
since tuen. The increase is especially important to PWR dry containments. .Tha
failure pressure of the Peach Bottom steel-shell containment is estimated as
150.psig for NUREG-1150, close to the estimate for WASH-1400.

A direct comparison of CDF assigned to individual accident progression
scenarios cannot be made, because only median data are given.in WASH-1400 andi

1 only P A are given in NUREG-1150 for the individual accident scenarios.
L Howeve,, ~ ...entage contributions of the individual scenarios to the total ,

}
mean:CDF m compared by the Committee, with the'results as follows: |

3
In the * 'H-1400 Surry analysis, 72% of the CDF was' associated with' '|-

'0CA' ontainment bypass events, and 28% with transients. The .,

1
. .sserved in NUREG-1150, wherein 23% of the CDF is associated"

ii ; '.~ and containment bypass, and 77% with transients and station
ere o

hw a containment bypass events account for only 8% of the CDF for
su o in both studies, these sequences dominate off-site risk due to

L1 the 'arge releases. Although considered in both studies, containment
bypas.', _1.e., interfacing systems LOCA's, is not a 'significant risk'

-

.o-
contri)utor for Peach Bottom.

,

Ali n e-damage accidents were assumed in WASH-1400 to result in' con-.

tainment failure. For Surry, 24% of .the severe core-damage sequences
resulted in early containment failure or bypass and 76% resulted in
basemat melt-through. In NUREG-1150, the containment remains intact
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in 82%: of the Surry core damage sequences, . and early containment - ;

E -failure is calculated to occur for accident sequences constituting only i<

"
1' O.4% of the core-damage frequency. -In the WASH-1400 analysis of Peach'

Bottom,'100% of core-damage sequences were assumed to result in early-
1

I containment failure. By contrast, the NUREG-1150 analysis concludes !

? that 26% of the core-damage sequences result in an intact containment, i
4% in late containment failure,13% in containment venting, and 57% in i'

early containment failure or bypass. j'

|
'Thus, accident progression and containment performance is seen to be

substantially different in the ? ASH-1400 and= NUREG-1150 analyses of Surry and q'

Peach Bottom. ' This difference highlights the importance of developing realistic
estimates M h contributions to risk as the basis for safety evaluation.

s

5.4 kp g %ceident Source Terms

The substantial reductions M source terms between WASH-1400 and NUREG-1150
Ianalyses for Surry are illustrated it; figures 14, which depict the frequency of

release of. iodine, cesium, strontium,'"and lanthanum to the atmosphere in excess
of given amounts. The median, mean, 5 , and 95'" pe7entile data from the NUREG-

'

1150 analysis'are included. However, only median dan 3re available from WASH-
.

1400. The shaded areas in the figures illustrate the re:tuctions in median source. 1
terms between the two studies. The results include the offects of changes in 1

mitigation-features which have been added to the plants as well as the increase
'

,

'in estimate of the pressure capability of the containment. Specific observations
| from these PWR source-term data are: ;

1' . .

h The NUREG-1150 median frequency of release of 10%~or more of the iodine.-

or cesium-inventory in Surry is lower than that reported in WASH-1400
| by a factor greater than ten, and the median frequency of release of. |

| magnitude similar to the PWR-2 release, category, e.g., 70% iodine
| release, is insignificant (less than 10' per reactor year). s

1

The NUREG-1150 median frequency of release of-1% or more of the Surry |a-
core inventory of strontium is . three or,ders of magnitude below the i

comparable WASH-1400 value. Mean and 95' percentile probabilities of h
releases of greater than 6% of the-core inventory of strontium (the
largest release reported in WASH-1400) are observed in NUREG-1150, but
at-very low frequencies.

.There is a reduction in the median probability of release of lanthanum-.

(0.04%ofthelanthanumcoreinventory(bythreee,darsofmagnitude' ,

compared with WASH-1400. Mean and 95 percentile releases greater j
than 0.5% (the largest lanthanum release reported in WASH-1400) are-

, observed in NUREG-1150, but at very low frequencies.
L.

An alternative way of looking at Figures 1-a is to consider the fractionn
'of: inventory released for a given probability. - For example, for. a probability

4of 10 /r-y, the fraction of iodine released from an accident to Surry is reduced
from 33%.according to WASH-1400 to 8x10''% according to NUREG-1150; a- 4000-fold
reduction.
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. These. frequencies or magnitudes are lower for three reasons. First is the
reduction in_ the core-damage probability cited earlier ?(a factor of 2.6-- for !
Surry). Second is the higher failure pressure ascribed to concrete containments !

(130 psig vs. 80 psig for Surry). Third is the greater- retention of fission
products within containment due to the recognition that. iodine would combine with'

.

cesium,as cesium iodide, which is soluble in _ water, rather than' remaining as; '

insoluble elemental iodine vapor as was assumed in WASH 1400. As stated earlier, :

the first factor is largely due to plant modifications. The latter two factors :
'reflect a' restatement of the WASH-1400 source term, due to factors- of the type
',that: prompted the restudy of the source term and risk analysis after; the TMI

accident. :

A similar comparison.of probabilities of exceeding specific: fractions or _|
core inventory is given in Figures 5-8 for the Peach-Bottom: plant.' -

,

The results in NUREG-1150 also substantially reduced the WASH-1400 values y
of source terms for Surry and Peach Bottom, as illustrated in Figures 9-12 and '

13-16, respectively, which show the median probabilities that the release to'the
atmosphere of iodine, cesium, strontium, and lanthanum exceed specific fractions
of the coreLinventory, aivan a core-damaae accident. The shaded areas in the-
figures illustrate the reductions in median source terms between the two studies. . 3.

Specific observations from these figures include: j

NUREG-1150 estimates a five-fold or greater reduction in the median 4.

)robability that 10% or more of the iodine or cesium inventory would
se released. For -the largest - release fraction stated in WASH-1400 [
(viz. 70%), .the median- release- fraction in NUREG-1150 has- become-
insignificant (less than 10' /ry on an absolute basis).

NUREG-1150 estimates that the median probabilities of release of 1% or. +
.

more of the strontium inventory from Surry and Peach Bottom would be
lower than the WASH-1400 values by factors of 100 and lo, respectively.
The reductions in the median release probabilities for lanthanum are
comparabl e.-.

tan alternative way of looking= at Figures 3 and 4-is to consider the.

fraction of inventory being released .at a given probability. For e

example, for a conditional probability of 0.1 (which translates' to an 14 'absolute probability of about~ 3x10 /ry), -the - fraction- of iodine
released from Surry has been reduced in NUREG-1150 to 3%, from about
70% in WASH-1400, about a 20-fold reduction. , For higher probabilities, a
the reduction is much larger, and for lower probabilities it is smaller *
since there would always be some probability, albeit infinitesimal, of
releasing the entire inventory. Similar observations can be made for
other radionuclide groups and for the Peach Bottom plant.

5.5 Off-Site conseauences
,

Detailed comparison of off-site consequences reported in WASH-1400 and '-

NUREG-Il50 is not possible, because-there are many differences between the two 1

I. studies, such as: the use of the CRAC computer code in WASH-1400 and the MACCS
code in NUREG-ll50; the use of site-specific meteorological and population data |
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in NUREG-1150 whereas WASH 1400 used composite averaging from many sites; and-
'

,

different assumptions as to emergency evacuations. Different health physics'->

coefficients were used. However. and generally. speaking, the off-site conse- -i

quences reported:in NUREG-1150 are substantially lower than those reported'in ;

WASH 1400,-

To facilitate a comparison between estimates of off-site consequencesfin
WASH-1400 and NUREG-1150, we suggest that the final version of. NUREG-1150 might':

. include comparisons of estimated pro abilities of exceeding whole-body or thyroid 'b
doses as a function of distance from the -site, e.g., Figure I-11 and I-13 in -
NUREG 0396. This comparison removes the effect of differing population distribu- i

tions, which was treated differently.in WASH-1400 and NUREG-1150. Other helpful
comparisons might use selected figures in NUREG/CR 1131. These data are avail- ,

able from calculations already completed, so no delay in issuance of the report- e

should be caused by incorporating such comparisons.
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. RESPONSIVENESS TO THE KASTENBERG PANEL REVIEW-
. - ,

6.-
,

! 6.1- Introduction
'

.;

During the period June 1987 to March 1988, a Peer Review Panel chaired by ;

: Professor William Kastenberg, University.of California, Los Angeles, reviewed the -
~

entire breadth of the risk analyses documented in the first draft of NUREG-1150.
Each member of the Kastenberg Peer Review Panel- wrote an individual section of>-

the report;.the panel was not asked to provide a consensus opinion. The results :

of this peer review have been published in Reference 26 and can be summarized in-
six major criticisms and twenty.one specific comments. As part of our review, 1
we discuss here the. adequacy of the second draft of NUREG ll50 in meeting the
criticisms and comments of this panel..

,

6.2 The Kastenbera Panel Review

The six general criticisms made in the first peer review are as follows: I

The-' draft and the supporting contractor documents were difficult to- r
.

follow, uneven in their presentation, and sometimes inconsistent with- ,

one another. Many of the key technical assumptions and management' ,

decisions were either omitted from~the text or difficult to find. t

The front-end analyses were dictated by an unreasonably short schedule,.

resulting in several shortcuts, potentially serious omissions, and lack -
of thorough quality assurance.

There was an unevenness in the overall approach, as well as in the.

robustness of the results. 3-

- There was disregard for technical rigor and/or state of-the-art in many y.

facets of both the probabilistic and mechanistic analyses that make up. m
,

the PSA.
,

' LWhere new analytic tools were used, they were ill-documented, largely.

unvalidated, and used to excess with little benchmarking against prior ,

.

knowledge or data. .

r.

..

The expert polling process was seriously flawed.-.

'

The twenty-one specific comments encompassed the following categories:
. .

;

L . PSA Methodology and Core Damage Frequency

PSA Methodology and Phenomena.

.

Containment Response, and'
- . .

Consequence Analysis and Value/ Impact Assessment..
,

| ~i
-t

| ,
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| Appendix- 0 ~of the second draft of NUREG-1150 includes the NRC Staff.'s

~

response, to the comments made: by the Kg)tenberg Panel, as. well as others,
' '

-

including nts by the Kouts Committee' and the American Nuclear Society's
Committee ( p The response is grouped into seven major topics, and because the-

.n
L Staff dealt with a number of reviews, there is not a one-to-one correspondence
' with any one particular review. However, the Staff attempted to respond to each

category of comment. Following is our assessment.

-6.3 .Adeauncy of tha Second Draft in Meetina the Comments

The'first major criticism of the first draft. involved the documentation: ~j

the volumes that make up NUREG-1150 and the supporting contractor documents.
Extensive restructuring and rewriting have generated - the present _. version of
NUREG-1150. This new document is an improvement over the previous one in its-
completeness, scrutability, and presentation of results. ' The contractors' -

'

supporting documents - are in various stages of' completion; hence, we cannot
comment on them.^

The second major criticism involved the front-end or systems analysis. The-

original Draft relied on previous analyses supported by the NRC Staff, performed.
in an attempt to construct a so-called " Smart PSA". Since the first draft was-
issued, considerable' effort was devoted to making the front-end analysis more
robust. These efforts included a strengthened-internal review process (quality |
assurance) for the fault and event trees, including the analysis'of common-cause j

failures-'(CCF)- and the human reliability analyses (HRA). On the' other hand, the
'

NRC Staff recognizes that the state-of-the-art with respect to CCF and HRA is 4

'

imperfect and that further improvements in the~PSA can be made in these crucial
areas' as new models and methods develop. We noted'in-F m on-4.8 that.in the
front end the human reliability issues, especially common-cause failures 'and
human- reliability analysis, have not been treated as a top-level issue in the i
elicitation of expert opinion.-

The third major criticism focused on the unevenness of the approach and of
the |results. The NRC Staff believes that, with the exception of the Zion Plant, !,

%" the NUREG-1150 methods have now been applied consistently, and that different 1
| levels of detailiare necessary because plant-specific issues dictate where 'and
when additional consideration need be given. The . Zion 1 PSA was- performed- by,

-Brookhaven National- Laboratory (BNL) and the others by Sandia NationalLlabora-
tory. (BNL's: approach was _ based on an. Industry PSA and a Staff / Contractor review,,

J which was updated to reflect recent design and operational changes.) -We concur'

with the= NRC Staff's assessment L of consistency insofar as it applies: to the-'
-

accident frequency analysis or " front end". There is-still a level of -inconsis- .,

tency in the "back end";'i.e., the evaluation of the Accident Progression Event
,

Trees (APET's). This is, in part, because a) the state of knowledge as regards '

severe accident phenomena in BWR's versus PWR's 'is differsnt, b) the 'use of
expert elicitation for severe accident issues was:not the same for all plants',
and c) there was a large uncertainty in recovery actions by ope.ators after core ..

melt was estimated to begin. .!

* The fourth major criticism involved a disregard for| technical rigor and/or
state-of-the-art in many facets of both the probabilistic and mechanistic aspects '

of the PSA. This comment referred to diverse matters, including the use of
,
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|: probability and statistics, the treatment of common-cause failures, and the use
: of unreviewedrand-undocumented computer codes. The latter point was also the
I; . thrust of the- fifth criticism. The NRC Staff and its contractors have attempted
| to address this issue as . far as possible. Within the budget and time; con- !

L 'straints, efforts were made to validate and/or benchmark some of the new computer
1

L codes.- The XSOR computer codes (for the source terms) fall in this category. .

SeveralLother codes used in the analysis are being examined, such as the MACCS ,

computer code (for the consequence analyses). There.are still difficulties with-
the " averaging" process regarding the results of the expert opinion. The display
of the results of the uncertainty analysis also.have been improved. - 1

The last, and probably most controversial and yet important, issue is the
expert opinion elicitation process for dealing with uncertainty. A number.of-
significant modifications were made to improve the process itself between the' i

first and second drafts. Yet several problems . persist, two of which are ;

inherent, and will always persist.

Although . core diverse groups of individuals were chosen for the various -<

expert p.nels, there is always the question of "who is an expert on a
,

given issue?"

Even if an elicitation process were " perfect", the result could not be.

better than the state of knowledge itself.

Hence, there is always the question of the adequacy of the. knowledge base
L for expert opinion,..with, respect to several crucial phenomenological issues.;

There .are still significant questions regarding.the manner;in which the j
judgments,of the experts were aggregated or averaged, and.then usedJin uncer- 1

tainty propagation. This issue was particularly acute -in instances when- the ;

experts' had -widely -divergent views (e.g., the development of seismic hazard j
curves, the BWR liner melt-through problem, and the issue of direct containment q
heating).. If one expert gives an opinion that is an order of magnitude larger '

-

than=those-of the remaining. experts, that opinion will dominate risk, especially ' j
'with regard to the mean.: The matter is discussed in some detail in Section 4.11. -)y

6.4 concludina Comments

The NRC Staff / Contractors have. addressed the issues, criticisms, and com-
.

|ments made-by the Kastenberg Peer Review Fanel within the time, resource, and. H
'

knowledge constraints placed upon them.. Those noted above that are not addressed I,

adequately. are due, to a large degree, to-lack of knowledge and the ability to j

L deal adequately with this limitation, which must be considered when using the |

J results-of NUREG-1150 in the regulatory process,
1

: ,
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7.- CONCLUSIONS AND RECOMMENDATIONS i:

t
,

-

/ 7.1 General.

All critiques of work done elsewhere have a tendency to dwell at greater
length on the weakness of the work rather than on the strengths. The present [

.

review is no exception. If we have seemed to concentrate on shortcomings;per- ;

ceived in NUREG-1150, the reader should not' draw a conclusion that we regard the '

study to_ be fundamentally flawed. It is not. As we state in the conclusions-
below, we consider the present draft of NUREG-1150 to be a major step forward in _
risk assessment in; several areas, deserving recognition as the best. current- ,

update of WASH-1400. We found points where we believe improvements could have
been made, and where there are shortcomings, and we have recommendations for some .
alterations to the draft and for future work. Some of the major conclusions and : -

recommendations are summarized below. Others are provided in the- comments. - [
sections of the text.

We do not believe that issuance of the final version of NUREG-115C should .

be held up for further research or analysis. Some of our recommendaticas propose .

relatively_ simple changes in the exposition, or the clarification of points by
including results already available from the analysis but not brought out by'the -
text. We believe that these minor improvements could easily be made for the
final version of report. ;

'

7.2 conclusions

Our conclusions 1are- ordered, with the ov6rall supportive -views stated . i

first, and the shortfalls following. Several:of these latter are not'so much
- problems of NUREG-1150 as they are of the current status of PSA, which requires

~

-- more' development in some areas. -

NUREG-1150 is a good report, and it represents a~ great deal of de- 1
.

tailed, high-quality work. It is commendable that an endeavor was made,

to consult a wider : range of competence apart from that possessed _ by
- those directly engaged in producing : NUREG-1150 The benefitnof.. ,

constructive openness to criticism is felt in the revised draft. a

NUREG-1150 draws' upon a decade and: a half of -practice' of PSA beyond >
.

WASH-1400,' mainly in the United States but also in other countries.
W In most' respects, it represents the state-of-the-art in this kind of i

analysis. It is a step forward from N>3H-1400..

The data drawn on-include many years of experience in plant operation,- 1

.

and a similar period of theoretical- and experimental research into
severe accident methodology.

The disciplined use of expert opinion elicitation was an important.

advance over previous methods of using expert opinion. It is.noted
thatLthe-prime motive of this technique was to assess the uncertainty
in the results of the PSA.

i
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_The results were derived in great detail',- and they; are presented by_-.:
''q methods which show well their probabilistic spread.

NUREG-1150 should be a valuable source of data and methodology to guide -).-

' future PSA's for individual plants.- Like its predecessor, WASH-1400,
it should-help to show the path for future PSA developments for_some
time to come.

'Even- so, the study is not perfect, and we turn now to some_ of tt '
blemishes. H

The most vulnerable parts of the methodology used in the study are +tn.

treatment of human reliability and the estimation of parameters by'
expert opinion elicitation, both of which require more research.

_;

There is always a question as to who is an expert on a given inuo..

The membership of expert panels for the second draft of NUREG-1150*

seemed to be better than for the first draft. Yet it still seemed to
be unbalanced in that panels had more analysts and fewer persons with
practical; engineering experience 1 who might- have expertise on the
phenomona; the panels included more users and fewer generators of. data !

7 '

than might have been preferable. .

The expert opinion procedure is complex, time-consuming, and expensive..

Therefore, the full scope of this methodology may have very limited
future application. It is unlikely that a procedure of this magnitude
will: be. repeated for several years, although expert elicitation on- .

single or narrow issues may be practical. It should be ' remembered, j
however, that throughout the' study analysts had to decide how to use +

technical information of all kinds. This form of " expert judgement"
is necessary in all PSA's. ]
If phenomenological models of processes are not provided and directly !.

;used, the opendence of:the results of the accident progression analy ' j
- sis on gc:,rning. physical' phenomena is hidden. The generality of the 1*

structure of event = trees and the flexibility to use different > levels 1
of modeling capability 'and details ~ to answer the questions at branch j'
points make the method very powerful, but concern 'can arise about the
meaningfulness of computed results if there is little information about
the issues. The possibility of introducing high-level issues makes the !

method efficient, but this feature should be used:with caution if.
applied to issues'with little information.

The failure modes and characteristics of containments, as well as the.- ,

conditional probabilities for- typical failures of the containment ,

'

structure were largely determined from expert opinion. This indicates ~ J

that_ there are' limitations to the state-of-the-art ability to calculate ;

' the containment loads directly, taking-into account all the-relevant' a
phenomena that would prevail during a loss of coolant accident,
especially during the ex-vessel phase. .j

>
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The methods used to analyze human reliability and human error do not-.

- reflect the range of variability encountered in HRA models. Systematic'
error may have been introduced through the _ exclusive use of selected".

inethods. .Though the treatment of effects of human reliability.'and
-human error presents problems, these are mainly rooted in the state-of-
the-art, and the analysis may be as good as could have been done at the'
time.

Several kinds of accident initiators were not included in the' study..

Among these are pressure vessel failure, main steam line' failures in -
PWR's, errors of commission, and sequences beginning from shutdown or
low power. They should have been included, or -easons for, their
omission given in more depth.

.

' Of the five plants analyzed in NUREG 1150, .only two (Surry and' Peach.

Bottom)= have been analyzed for external events. The results indicate:

that the contributions to risk of external events must be considered,
for at;1 east some plants. The, lack of analysis of external- events for

,

the other three plants is a deficiency of the report.

Certain potentia 11y'important effects are not- explicitly or fully..

~ covered:: events' starting from low power and shutdown modes, sabotage,
~

and aging,. which may not 'be fully covered by current- inspection and
maintenance programs., Electrical control and actuation circuits were-
not explicitly covered in the analysis of common-cause faiiure. Al -
though it is recognized that the impact of " safety culture" and manage-
ment quality cannot be factored into the PSA at the present time, it
is important to bear in mindisuch impacts as overall decisions are made
on plant safety,

The Committee believes that fires are such important initiators-ofr

possible accidents, that the analysis should have been extended to all
', five plants treated by NUREG-1150.'

. - _'The accident progression event tree.for each. plan't consisted of about
-100 branches, each having multiple outcomes or branches. It seemse to
us that this level of detail exceeded understanding .of:the phenomena
involved, implying greater insight into the processes assumed to be

,

taking _ place than was justified.

It would have been valuable if the theoretical HRA's= of the ATWS..

sequences had been tested against real events, such as those cited
above, as a basis for_ an'in-depthzanalysis of uncertainties in HRA.
This could be done as part of expert opinion input on the merits of

.different HRA models. Such an voroach to the ATWS HRA-is more appro-
priate and consistent with the use of expert panels for a number of ''

back-end issues of similar importance, as measured in; their
.

contribution to overall risk.,

The uncertainties in the consequence analyses for each sequence were. .

not propagated. The uncertainties shown in the risk profiles fer each
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reactor'and each consequence are due to the uncertainty in the Level |
'

1 and Lsvel 2 aspects of the ~PSA only. |
:

As a neutral observation, we point out that a strategy for reducing the !

concern over the uncertainty bounds in risk estimates is to eliminate from |
designs and operating practices those features that lead to the wide uncertainty ;

bounds. Where these options are impractical, the desired level of risk reduction i

.
might be achie';ed instead by improvements in systems indirectly related to the'

uncertain risk issue under evaluation, or in' appropriate severe accident manage.' ,

ment measures. In fact - the "best" risk management strategy may involve- an
appropriate mix of some or all of these approaches.

,

!

7.3 Rar m andations
.

!

The NRC staff should now move toward early publication of NUREG 1150 i.

in final form. We have suggested some changes or additions assuming !

that these can be made speedily without delaying the report. If-cppre- |

ciable delay would be necessary, our view is that later, separatts pub- j
lication- should be called for, without change to NUREG-ll50. Yimely
publication is important to provide guidance to the individual plant
evaluations (IPE's) bei ;. nrepared by the utilities. As for the par-
ticular plants analyzes in' NUREG-1150 their IPE!s will be a vehicle
to complete the seismic and fire hazard assessments in sufficient depth
and with accurate descriptions of the plants as they are pasently
configured, j

As a more general point, plant specific analysis of external events. |.

tshould be included in PSA s. We recommend that the NRC issue - addi-
tional guidance on the treatment of external svents in the.IPE program,
in particular, such guidance seems warranted for the types of seismic
hazard curves to be used in different parts of the United States.

|

Research in seismic modeling is warranted, with the object of improving !'.
the basic model to predict attenuation ,and ground motion and for devel-
oping a consensus on the use of one model or model set, based as much '

as practicable, on region-specific spectral shapes. Effort should also
.

be made to improve the basic model to reflect greater source depths and !!

L regional variations tvith the appropriate reflections of substrata
p, waves,

Special att 'ntion should be paid in the NRC's research program to. :i .

further development of Human Reliability Analysis and to calibrating ,

methods used to analyze human reliability, to facilitate comparison
between plants and comparisons with safety goals.

,

; !

Large uncertainty contributions associated with some phenomena indicate ;r .
,

L the need for further research. We particularly single out the thermal-
' hydraulle phenomena associned with accident management strategies,

such as depressurization of and water addition to the primary system '

of a PWR, and improvement of understanding of the ways in which the
primary system boundary may fail during high pressure sequences in
PWR's. Another important issue deserving increased attention is the

;
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assessment of threats to the integrity of the containment and the iden- !
'

tification of means to ensure its integrity in case of a core melt
accident with failure of the pressure vessel. ;

Because plant-specific information is becoming increasingly important ;.

in PSA, such information should be collected and placed on file in a
future program.

, .

While the expert opinion process was carefully structured and profes- :.

siona11y guided, there were still a number of issues where the tech- i
'nical information available to guide the expert panels was limited.

use of these results by others outside the scope of NUREG-1150. The
- ,'For this reason, the Committee urges caution and intelligence in the

results of sampling of expert opinion are well documented, and one i

should be fully aware of their limitations before using them.,

,

Likewise. the Committee recommends considerable caution in the use of q.

the results obtained with the approximate XSOR codes without confir-
'

mation by more detailed calculations.

. . The following are changes that are recommended be made to the final-
version of NUREG-1150, that we believe can be done without further
analysis.

actions were important, they should be discussed and !
* Where recover!afined in the summary report ir. Chapter 2 of NUREG- !their scope

1150. Their effects should be quantified in Chapters 3 7, e.g for
Surry: core damage frequency without recovery actions 8.2x10'g/ry,
with recovery actions, 3.5x10'5/ry (from Table 4.10 5, NUREG/CR 4550, t

Rev.1, vol . 3). ,

,

* The contributions to the core melt probabilities of the unavaila-4

bilities of safety system functions should be displayed among the ;'

results of the analysis of frequency of core damage.

* Because of the approximate nature of the XSOR codes, the final draft
of NUREG 1150 should note the need for a mote exacting analysis of i

risk significant accident sequences, such as the interfacing systems ,

LOCA's and steam generator -tube ructure accidents for PWR's, and '

station blackout and ATWS sequences for BWR's. The more detailed
analysis should be published in a supplement to NUREG-1150. This- t

analysis should concentrate on best estimate modeling, and the .

results compared with the sour 9 terms published in NURIG 1150. !

* Some issues requiring the input of expert opinion were'' addressed by |
the . project staff' rather th&n the expert panels. It should be
clearly indicated' which were so treated and the values of the
parameters used,in the study; some indication should be made of the >

'

importance of the parameter to the values of risk.
,

NUREG-ll50 represents an enormous investment of resources which should.

be put to good use, not simply be made available as a resource
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document. NUREG 1150, along with the other risk assessments and recent I

work in the field of severe accident analysis, should be used to: (1) |
close out as many open issues as is reasonable, and (2) help prioritize I

the limited resources to focus research on the remaining safety-related
issues. A definitive program to use NUREG-1150 and its supporting i
documents should be developed and implemented. !
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8. ANSWERS TO COMMISSION QUESTIONS

In the Charter of the Committee, reproduced in the appendix, the Nuclear
Regulatory Commission posed some specific questions for which a response was
particularly desired. In many places in the preceding text we discussed areas
covered by these questions. At this point, we repeat the questions and assemble
specific answers to them.

Does NUREG 1150 adequately reflect the comments made by the Kastenberg
review group (NUREG/CR-5113), given the uncertainties in data and models?

As stated in Section 6.4, the NRC Staff / Contractors have addressed the
issdes, criticisms, and comments made by the Kastenberg peer review
panel within the time, resource, and knowledge constraints placed upon
them. Those issues noted above that are not addressed adequately are

' due, to a large degree, to limitation in the state of knowledge and the
ability to deal adequately with this limitation, which must be consid-
ered when using the results of NUREG-1150 in the regulatory process'

itself.
Have the uncertainties associated with both front- and back-end analyses*

been adequately described in NUREG 11507 !s the use of expert elicitation

appropriate in developing these uncertainties?

This question is discussed more fully in Section 4.12. There we
conc 1.uded that in general, NUREG 1150 represents state-of the-art
methodology in uncertainty analysis, where uncertainty estimates were
made. These estimates, concerning the Level 1 and level 2 analyses,
were mainly the result of elicitation. of expert opinion. Formally
eliciting expert opinions to develop the uncertainties is appropriate;
however, caution is required, since this process has not been widely
used for safety issues, and_ some parts, especially the selection of
experts, are critical to the process and may cause controversy if not
properly done.' However, the state of-the art does not yet provide a
complete view of the uncertainty in the results. At this point, we

believe that the major factors still to be settled are the treatment
of human error, including errors of commission, and the uncertainty in
consequences as derived in the Level 3 analysis. Lesser questions as-
to uncertainty analysis are found throughout our Report.

As discussed in Section 4.9, it is important to bear in mind that
management quality introduces uncertainty because it is not reflected'
in the results of PSA. Since we doubt that it can be quantitatively
factored into PSA at present or in the near future, that element of
uncertainty must be assessed by the management evaluations being
pursued by NRC and INPO.

To what-extent should probabilistic risk assessment focus on the low-
probability tails of the accident frequency distributions? Is there an appro-
priate cutoff in terms of reportable accident frequencies?
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.This question is discussed in detail in Section 4.10. We believe that
s' realistic cutoff in both frequency of severe accidents and their i

. resultant risk is warranted, and should be encouraged in all PSA's, l

The preceding considerations indicate that e ent families and plant ]
damage states with frequencies below about 10'y/yr should be neglected f

in probabilist In addition, a health risk in the
range from 10'je risk analyses.to 10'3 times the normal occurrence rate also seems i

reasonable. For curv s of accident magnitude vs frequency, a cutoff |
of from 10'7/ry to 10'g/ry in the frequency seems warranted.

Do the methods, models, and data used in NUREG-ll50 suggest they could be
used as standardized methods for preparing probabilistic risk assessments?

,

;

Sow of the features used in the NUREG-1150 program will have definite :
value in conducting future probabilistic risk assessments. The generic
aspects of the data base can be mined for specific application. Some ;

of the computer codes may find their way into more common use as they
'

are tested out. Some of the results of expert opinion elicitation may :
'be used more generally. The elicitation process itself was very in-

volvei and required a substantial investment of time and resources, i
it is unlikely that this particular aspect of the NUREG 1150 method- i
ology will be extensively repeated in the near future. |

i:Does the committee have any recommer.dations to make on the need for further
;- - improvement in 1robabilistic risk assessment methods?

,

The foamittee's conclusions and recommendations are given in Chapter
7. ;

i
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APPENDIX
r

t UNITED STATES ltUCLEAR REGULATORY COMMISSICN

i - CHARTER

$PECIAL COMMITTEE TO REVIEW THE SEVERE ACCIDENT RISK REPORT

1. The comunittee's official designation: Special Comunittee t'e
Review the fevere Accident Risks Report

,

The consmittee's objectives and the scope of its activity:2.

i The conunittee shall report to and advise the Director of. the
office of Nuclear Reculatory Research and throuch him the

i ^ Comunission, on the adecuacy of the methods, insights, !'

analyses and conclusions set forth in the April 1989 draft of
NUREG-1150, severe Accident Risks: An Assessment for Five, ,

: U.S. Nuclear Power Plants. The Corsnission requires this
information to ensure that the proposed regulatory uses of i

the information set forth in- NUREG-1150 are appropriate. In
particular, the consnittee shall provide its views on the
following specific questions: '

1. Does NUREG-1150 adequately reflect the comunents
made by.the Rastenberg review group (NUREG/CR-5113)
given the uncertainties in data and models?

;.

2. Have the uncertainties associated with both front and !

back end analyses been adequately described in
NUREG-11507 Is the use of expert elicitation.

appropriate in developing these uncertainties?

3. To what extent should probabilistic risk assessment
focus on the low probability tails of the accident, .

frequency distributions? Is there an appropriate
cut-off in terms of reportable accident frequencies? .

i
,

,

l'

|- 4. Do the methods, models and data us'ad in NUREG-1150
E suggest they could be used as standardized methods for

preparing probabilistic risk assessments?
~

5. Does the comunittee have any reconenendations . to make on Ithe need for further improvement in probabilistic risk
assessment methods?

3. The period of time necessary for the committee to carry out }
its purposes *

'' '

The special Conunittee to Review the Severe Accident L ~ sks :
Report is expected to complete its work within twelvt months !
of the filing of its charter.

,
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4. The agency ot ! official to whou the comunittee reports:

The committ te will report to the Director of the office of
Nuclear Regalatery Research and, as apprcpriate, through the
Director to the Cesaission.

,

5. The agency responsible for providing the necessary support
c for the.ccaunittee: *

The U.S. Nuclear Regulatory Comunission. The NRC's+ Office of
Nuclear Regulatory Research will provide tne necessary
administrative support through a contract with the
Brookhaven National. Laboratory.

6. A description of the duties for which the casunittee is
responsible:

!

The comunittee shall provide the Director of the office of,

Nuclear Regulatory Research with a written consensus report'

of its views and recomunendations regarding the adequacy of
NUREC-1150 focusing on the objectives described in paragraph ;2 above..

7. The estimated annual operating costs in dollars and FTE
1

staff years:
.

The estimated operating costs for this connaittee will
be approximately $300,000 and 0.5 FTE. ,

'

8. The estimated number and frequency of comunittee meetings: {
"

l

It is estimated that the conunittee will hold four or five !
meetings.

9. The committee's termination date:
'

The comunittee will terminate one year fror. the date this
charter is filed, subject to renewal by the conmission.

,

.
10. The date this charter is filed: 7 /fM .

</ u \
'

Alv
. Achn C. Hoyle i

L Advisory ptamittee Management officer
( U.S. N lear Regulatory Conunission

.

|

5

82 -

!

t

,

'
--- . - . ~ . . . . . . . - _ . ~ . ~ . . . . . . _ . _ ~ . . . - . - . _ . . _ . . ;__ _ 2. _ _. - _ . _ . . . _ -



- . . _. _

e .

fo
U S. NUCLE AR atouk Avoav CouurtsioN iotocay %. veta[. $"j,'0**33' +~. ac v a . j

" '*****'**"''"''" '~ co ,on.r 888' 82*2 SISLIOGRAPHIC DATA SHEET j
is ,= ~ct,. .ae,,,, ,w,

NUREG 1420 j
2.tiTa Aho susta6s |

|

ISpecial Committee Review of the Nuclear Regulatory 2 o^ " " '0 " *v'''5 ED

Commission's Severe Accident Risks Report (NUREG 1150) | |
" " ' ' ''''

August 1990 4

|o N oa caANr Nuveia
,

6 Autacam Herbert J.C. Kouts, George Apostolakis, o. Tvrt oP atacar i

E.H. Adolf Birkhofer, Lars G. Hoegberg, Topical {
William E. Kastenberg, Leo G. Lesage, 4

1Norman C. Rasmussen, John J. Taylor, i. et aico covia to ,,~ o. .,

Harry J. Teague. ;

y,o,,g =e A r ion N Au s ANo Aoon a ss ,,, ..c. -. .. . . u.A .- c- .
,,-- , m..

;tP . .

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission ;,

; Washington, DC 20555

nG ANQ ATioN = N AV E ANo Acoal&5 u, =ec. ,,,e se . .aw. 4,eeau ese, e,pr e wec o o,,.e ee a a. v s =ve , asevu,,,, c.==,m.a.
9. $PON$oa:NG, o.Jene aseenag .ne

Same as above i
i

.

10. SvPPLEMENT Any Nott5

-
11. A45t RACT IJw ,es e, eus

| In April 1989, the Nuclear Regulatory Commission's (NRC) Office of Nuclear Regulatory
Research (RES) published a draft report " Severe Accident Risks: An Assessment for Five U.S. ,

Nuclear Power P1 2 :s," NUREG-1150. This report updated, extended and improved upon the '

information presented in the 1974 " Reactor Safety Study," WASH 1400. Because the
information in NUREG-ll50 will play a significant role in implementing the NRC's Severe
Accident Policy, its quality and credibility are of critical importance. Accordingly, the
Commission requested that the RES conduct a peer review of NUREG ll50 to ensure that the
methods, safety insights and conclusions presented are appropriate and adequately reflect
the current state of knowledge with respect to reactor safety.
To this end, RES formed a special committee in June of 1989 under the provisions of the
Federal Advisory Committee Act. The Committee, composed of a group of recognized national
and international experts in nuclear reactor safety, was charged with preparing a report
reflecting their review of NUREG-1150 with respect to the adequacy of the methods, data,

,

analysis and conclusions it set forth. The report which precedes reflects the results of I
! this peer review,

saa a v woaos. oe se aiciv 5,... , .,, . .. , . . . ., ,,a i t . . .. .... m . . i . n wa

Unlimited
i 14 $4swht I T sb.shi. sg.IsQN

"' Elassified
a- . ,

Unclassified
Ib. NVM64a Of PAG 4 $

l6. PR ICE

esmC Sumu 3J,(2491
)

*

I*

l

. _ _ _ _ .--_- ___ _ ___ _ _ ___ _ _ _- . . _ _ . - _ . . _ . - - - . - - - . - _
\



.. . - .- -. - . .--_ - - -.. ... - . _ -..: .. - - . - --- -~. - -- - - .
.

" '
. ' ' SUIMITTAL DilAFT

1;
1

io

| American Nuclear Society "'

\s .

i

!
1

.p. Report of the-
,

L? Special Committee .

L on NUREG-1150, !
'

.

The NRC's Study of 1
-

I

Severe Accident Risks 1

.

:,

June .1990-
- .

(P" \
$ c 1w in

> b
'

d a
,

-

Ocit i
j

i! -

_

Amerloon Nuclear society
1- !' 555 North Kensington Avenue

La Grange Park,lilinois 40526

1

'
SUBMITTAL DRAFT

-

.

me ' - . , .-.-...,,,-w,,m-.w-.,, ,,,_,-%vmw--,r..,-,,,_,.,,-,,,, ,.,.pmm,,_.,,y.m.,,-v_-.-y--,_,,.,,-,-



_ .

_ _ _ _ _ . _ ._.

'e t- -
,,

'e

I

Table of Contents
i

'

Page

Foreword F-1
,

'

1. Introduction 11

2. Findings and Recommendations 2-1

a. Findings 2-1
b. Recomendations 2-13 ;

i

3. Review of NUREG-1150 3-1
~

a. Overview of Methodology and Use of
* Expert Opinion 3-1

b. Core Damage frequency Analysis 3-5

(1) Core Damage Frequency Methods for
Internal Events 3-5

(2)- Summary of Core Damage Frequency Results .

for Internal Events 36 |

(3)' Discussion of Internal Event Core |
Damage Frequency Analysis 3-6

:|-

i 3-10 !c. Containment Performance Analysis -

.

(1) Methods for Accident Progression and |
Containment Event Tree 3-10 i

(2) Summary of Accident Progression and i
Containment Performance Analysis Results 3-12 J

(3) Discussion of Accident Progression and I
Containment Performance Analysis 3-14- j

,

]
d. Source Ters Analysis 3-20

(1 Source Term Analysis Methodology 3 20 )
j(2 Source Term Analysis Results 3-22 -

.(3 Discussion of Source Term Analysis 3-22 ;
,

e. Offsite Constquences and Public Risk
Estimates 3 28

,

(1) Methodology for Offsite Consequence's !
and Public Risk - 3-28 s

(2) Offsite Consequence and Public Risk Results 3-29 i

(3) Discussion of Public Risk Analysis 3-34

i
,

?

e

, , e- -~ - - - - , - . w , , . , + , r , - - - , , .-n- ,-



. . _ . . _ . _ _ -. . . _ _

'; ; 1
.

. .

. I,

f. External Events Analysis 3 36 !

1) Methodology for External Events 3-36 ;.

2) Summary of the Erternal Event Results 3 37
3) Perspectives from the External Event Analysis 3 37

4. Comparison with Reacter Safety Study (WASH 1400) 4-1

a. Core Damage Frequency 4-1 ;

b. Accident Progression and containment Performance 4-5 *

c. Severe Accident. Source Terms 4-10 i
d. . Comparison of Elements of Risk Analysis Process 4-17 i
e. Offsite Consequences 4 19 '

5' Quality of the Peport 51 !.

.

a. General 51
b. Presentation of Results 52 '-

c. Expert Opinion Elicitation 53 !

d. The Use of the Latest Data 54 '
.

e. Specific Quality Shortcontings 54
,

6. Adequacy of the Report 6-1

Appendix - Summary Comparison of WASH-1400 and A-1 i

NUREG-ll50 Results (Excluding Offsite '!
Consequences) .

.

6

.F

!

,

t

.

.

Y

t

11

:

.

,, , _ _ . _ _ . . - _ , _ _ . _ . . ,, .,- .,



_ - _ . _ _ _ - _ _ _ __ _ __ . _ . . _ ___

|| |

LIST OF TABLES
|

Page |
.

SECTION 3 r

3.1 Summary of NUREG ll50 Core Damage Frequency
| Estimates 3-7

3.2 Principal Contributors to Internal Core !

Damage Frequency 37 !

SECTION 4 |

4.1 ComparisonofCoreDamageFrequencies(perry) :
in NUREG ll50 and WASH-1400 42

i
i.

LIST OF FIGURESy

Page I
'

i
SECTION 1.

t ,

!- 1.1 Organization'of the Analysis and the Flow i
'

of Information in NUREG ll50 13
!

SECTION 3. ;
*

'

3.1 Overview of NUREG-Il50 Risk Analysis 32
! 3.2 Conditional Probability Distributions for
! Early Containment Failure 3 13 :

'3.3 Conditional Probability of Accident Bins
at Surry 3-15. :

3.4 Conditional Probability of Accident
Progression Bins at Peach Bottom 3-16 :

3.5. Frequency of Release for Key Radionuclide Groups 3-23
'

3.6 Iodine, Strontium and Lanthanum Reletses for
Early Containment Failure or Bypass.(Internal
Events Only) 3-24 '

3.7 Results of Analysis Progression for Surry and
3-27

Zion Early Releases (Internal Events Only)lityComaarison~of Early and Latent Cancer Fata3.8
Ris(s at all Plants Internal Initiators. 3 30

3.9 Comparison of Individual Early and Latent Cancer
Fatality Risks at all Plants - Internal Initiators 3-31 ;

3.10 Comparison with Tentative Safety Performance
,

i Guideline - Internal Initiators 3 32
3.11 Comparison of Effects of Emergency Response i

Options on Early Fatality Risks at all
Plants - Internal Initiators. 3-33 ,

I iii

l'

!

.

-- .. - , ..- . - , -- _ . . . . - ,



.. . _ .- - .. ._. .. . - - - - . - - - ..

'
. , .

.*
,,

3.12 Computed Curves Showing Four Statistical Measures
i

of 200 CCDFs for Surry for Early Fatalities and
Latent Cancer Facilities. (The CCDF for-

Observation 4 is also shown.) 3-35
3.13 From NUREG-1150, Figures 8.8 and 8.9 3-39

SECTION 4 ;

4.1 Comparison of NUREG 1350 and WASH 1400 Core Damage
Frequencies 4-3 !

4.2 Comparison of NUREG-ll50 and WASH-1400 Cumulative
Containment Failure Probabilities. (Figures 9.6,.
9.7 and 9.9 in NUREG-ll50.) 4-6 '

4.3 Comparison of Surry Iodine and Cesium Source Terms i

in NUREG-ll50 and WASH 1400 (Internal Events) 4-12
4.4 Comparison of Surry Strontium and Lanthanum Source

Terar in NUREG Il50 and WASH-1400 (Internal Events) 4 13-
-

4.5 Comphrison of Peach Bottom Iodine and Cesium Source
Terms in NUREG-ll50 and WASH 1400 (Internal Events) 4-15

4.6 Comparison of Peach Bottom Strontium and Lanthanum
,

Source Terms in NUREG ll50 and WASH 1400 (Internal
Events) 4-16 :

4.7 Comparison of Results of Analysis Progression for ;

Early Releases in NUREG-Il50 and WASH-1400 4 18

APPENDIX A
,

Sumary Comparison of WASH 1400 and NUREG-Il50 Results '

(Exclusive Offsite Consequences)
.

A.1 Sumary of Plant Damage States, Accident Progression Bins and 1
Source Terms, WASH-)400 Analysis of Surry - PWR- *

A.2 Sumary of Plant Damage States, Accident Progression Bins and
Source Terms, WASH-1400 Analysis of Peach Bottom 8WR

A.3 Sumary of Plant Damage . States, Accident Progression Bins and -

Source Terms NUREG-Il50 Analysis of Surry (Internal
.,Initiating Events) '

;

A.4 Sumary of Plant Damage States, Accident Progression Bins and
Source Terms, NUREG-ll50 Analysis of Peach Bottom (Inernal ;Initiating Events)

A.5 Sumary of Plant Damage States Accident Progression Bins and '

Source Terms, NUREG-ll50 Analysis of Sequoyah (Internal
Initiating Events)

t

iv

.

.- _ . . . . _ _ _ __ . - . . -



..

. . . .
*

7,;.-

| |

r !

; A.6 Sumary of Plant Damage States Accident Progression Bins and
' Source Terms, NUREG-1150 Analysis of Zion (Internal Initiating

Events)_ |
-|.

A.7 Sumary of Plant Damage States, Accident Progression Bins and |

Source Terms NUREG-1150 Analysis of Grand Gulf (Internal i
'

Initiating Events)

,

|

1

!

i+

f
,

I

%. '

(

> ]

,

.i,

i
1

1

\

i

i

'
,

t
|I .

'

} .j

'; 1

I
f

~,

t
,

e- 1

4

'l'

V ,''

i
.

1

|| ,
'

; 1

|I

|
-

1

- , . . . _ _ . . , , . --



______;_______---. ;..
.

''

y .i

i

FOREWORD

In February 1987 the Nuclear Regulatory Comission (NRC) published and.

distributed for public comment the first draft of NUREG 1150, a report which
documented the results of its major risk assessment project encompassing five
nuclear power plants in the United States. This report was, in effect, a

successor to the Reactor Safety Study, WASH 1400; however, it represented a
significantly expanded and updated effort relative to the earlier study. .Many
nembers of the American Nuclear Society (ANS) felt that the Society should't

express its views on this document considering its potential for influencing
public opinion and the regulatory process. In response, the ANS President
appointed a Special Comittee in the Fall of 1987 to follow and comment upon the
" progress of NUREG-1150. Comittee members were drawn from industry, universities
and national laboratories, and represented a range of the Society's technical
divisions. The Comittee's membership also reflects the international nature cf
the Society with members from Canada and Switzerland and a corresponding member

from Belgium.' The Comittee's assignment from the President included
developing a coordinated understanding and technical consensus on the document,
making technical coments to the NRC, and reporting its findings to the ANS
membership.

The Comittee has maintained an active schedule since its inception,
reviewing NUREG 1150 itself and many of its underlying documents, and has had
numerous meetings with representatives of the NRC and personnel of the
organizations that the NRC has contracted to perform the analyses which undergird

NUREG 1150. In April 1988 the Comittee issued an initial report, a short
sumary of findings and recomendations, directed primarily at the NRC, which at
the time was supervising a major modification of the document. The second draft
of NUREG-1150 was issued in June 1989, again for coment. The revised document
was almost totally changed in its structure and text, and a large portion of the
analyses whose results it reports were redone. The revised version reflected
many of the coments made in the ANS Comittee's initial report. The Special

'See list 'of Comittee Members at the end of this Section.
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Committee has been retained.in its review capacity and, in this report, turns its I

attention to the revised version of NUREG 1150.
.

The review of the NUREG 1150 documents and process has not been an easy
task. It has been made much less difficult, however, by the opportunities ,

afforded to meet with staff members of the NRC and its contractors, particularly [
personnel of the Sandia National Laboratories. These frank, in-depth and often :

1engthy discussions were an immense help to the Comittee as they provided access !

to the process, which otherwise could only have been obtained by reading the
multitude of underlying documents, many of which have not yet been published. ;
The Comittee would like to express its appreciation to the personnel of these .

organizations. The Comittee members would also like to thank their respective
,

*

employers for allowing them to participate in this very time-consuming activity. '

Finally the Comittee acknowledges the enthusiastic support of the ANS staff,
particular.ly Marianne Mnichowski, who was an invaluable asset, serving as our
liaison with the Society. !
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1. INTRODUCTION j

:

This document is the final report of the American Nuclear Society Special ;-

Comittee on NUREG-1150. It contains a sumary of the conclusions. of the i

i

|
Comittee regarding the revised version of NUREG-1150, published in June 1989,

| The Abstract of that report states:

"This document discusses the risks from severe accidents in five !

comercial nuclear power plants. Information is presented on the
frequencies of core damage accidents from internally initiated
accidents (and from externally initiated accidents for two plants),
containment performance under severe accident loads, releases of |

*

radioactive material and offsite consequences, and risk (the product
of accident frequencies and consequences). This report is a second i

draft for peer review, modified to account for coments on a j

February 1987 draft from the public and three formal peer reviews of I
that draft. Following a peer review of this version, a final report
will be issued.

Volume 1 of this report provides sumaries o'f the risk analysis
|

results for the five studied plants, perspectives on these results, I

and a discussion of the role of these risk analyses in the NRC

| staff's severe accident regulatory program.-:

L V'olume 2 of this report provides more detailed discussion of the

i methods used in the risk analyses, additional discussion on specific
| technical issues important in the analyses, and responses to

coments received on the February 1987 draft." ,

1
'

I
!

The five Light Water Reactor (LWR) power plants studied in NUREG 1150

| include three Pressurized Water Reactors (PWRs), Surry, Zion and Sequoyah, and
two Boiling Water Reactors (BWRs), Peach Bottom and Grand Gulf. Only Surry and

- Peach Bottoin were evaluated for externally initiated events. These are also the
plants that were evaluated in the earlier Reactor Safety Study, WASH-1400.

i

11

l

*
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Figure 1.1 (Fig.1,41 from NUREG/CR'.4550, Vol.1, Rev.1) shows the :

forganization of the analysis and the flow of information in NUREG-1150. It also

illustrates some of the key terminology (e.g., front end or back-end analysis).

;

which are used widely in the study. NUREG-1150 employed a traditional ;

probabilistic risk assessment (PRA) approach to the analysis of risk of severe
P

accidents; however, several new and unique features to the approach and |
methodology were used in the study. |

[
The study was as much a sensitivity analysis as it was a PRA. There-

was a strcng focus on the calculation of the uncertainty in the risk
values. This resulted in a somewhat reduced emphasis on the

;

calculation of the best estimato values,
,

f
Formal, professionally guided expert opinion elicitation was :-

utilized extensively to develop information for which the analytical
or experimental results were not available or considered inadequate. !
Seven teams of experts, representing all segments of- the nuclear

,

technology community were assembled to address specific groups of
issues. However, a substantial fraction ,of the issues quantified in '

the study were developed by the project staff and contractor i

personnel rather than the expert panels. '

t

,

Because of the many hundreds of results obtained from the event |
-

'

trees, it'was necessary to aggregate these results into many fewer
groups at three points in the analysis before proceeding with the

--

subsequent step. Thus, it is not possible to follow a unique .

acciden' scenario all the way through the accident from initiator to I

risk. The points of aggregation were after the core damage
h frequency analysis, after the accident progression analysis, and [

after the source term analysis.
,

In addition to the ANS Committee, three other committees were formed to
review NUREG-1150. These include:

1-2
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A Committee formed by the NRC under the chairmanship of Dr; H. Kouts --
, ,

(BNL) to review the NUREG 1150 methodology and uncertainty analysis.
A report (NUREG/CR-5000) was issued in December 1987.-

An NRC Cosmittee fonned under the chairmanship of Prof. W.-

Kastenberg (UCLA) to review the initial draft of NUREG-1150. A

report (NUREG/CR-5113) was issued in March 1988.

Ans official NRC Advisory Peer Review Comittee under the-

chairmanship of Dr. H. Kouts formed in July 1989 to review the 2nd
draft of NUREG-1150. A report is expected it. mid-1990.

.

The NUREG-1150 Project has been a massive undertaking. When all the
supporting reports are considered the total amount of documentation resulting
from the Project is very large. Thus, it was not possible for the Comittee to
review all aspects of NUREG-1150 to the same level of detail. The approach
utilized by the Comittee included reviews of the two drafts of NUREG-1150 and
selected supporting documents, discussions with individuals from the NRC and its
contractors (primarily Sandia National Laboratories), presentations - to the
Comittee by the NRC, its contractors and other organizations that had reviewed
or evaluated the documents (e.g., EPRI), and attendance by members of the
Comittee at several of the expert opinion review sessions. Prior to issuing our
initial report in April 1988, the Comittee reviewed and utilized, as
appropriate, the comments of other organizations and institutions which were
submitted in response to the initial draft of NUREG 1150.

14
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2. FINDINGS AND RECOMMENDATIONS

!

a. Findinas --

|
Based on our overall review and appraisal of NUREG ll50 and the supporting j

reanalysis, the Committee finds: j

I
Notwithstanding a number of I(1) NUREG-1150 is a Mq/or Achterement -

sp6cific areas of concern, NUREG-1150 is a major achievement in the field of risk
assessment, which pioneers.the structured use c.f expert opinion and, to a large
extent, represents a compilation of the current state of knowledge in the various
aspects of severe reactor accident analysis as of early 1988. Its principal

contributions are (a) the quantification of both the central tendencies and the
,

ranges of uncertaintf in the risks of nuclear power plant accidents, and (b) a
compendium of current information pertaining to severe accident annlysis, which I

is principally contained in the many volumes of the supporting series of
documents, NUREG/CR 4550 and 4551.

(2) De Revised Drgft Repons Essentially a New Study - The revised draft af

| NUREG 1150 is a substantial improvement over the initial draft not only in the
format of the report itself but, equally important, because of the significantly |

| improved analysis on which the report is . based. The reanalysis of the five
,

l plants,-which was performed subsequent to the initial _ draft, was so complete as

L to constitute essentially a new study. Utilization of the results of the initial
'

draft should be discouraged. The change in' title-from " Reactor Risk Reference |
Document" to " Severe Accident Risks; An Assessment for Five U.S. Nuclear Power

Plants" is appropriate and more descriptive of the work presented. Although-

significantly improved, NUREG ll50 is not without its shortcomings, a number of ;
*

which are discussed in subsequent findings and in the body of our report.

;

(3) De Revised Drgtt Pmvides a Balanced Presentation of the Centml Tendencies

and Uncenaintiesin Risk - As noted in the Committee's report on the initial draft|- ;

of NUREG-IISO (April 1988):

2-1
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"The Lewis Commission criticized the Reactor Safety
Study (WASH-1400) for emphasizing the best estimates of
risk and not providing adequate emphasis on the-

uncertainties involved in risk estimates. The pendulum
has swung too far in the opposite direction in the draft
version of NUREG 1150 in that it emphasizes the
quantification of uncertainty over the quantification of
risk."

We find that the revised report provides a balanced representation'of both
the central tendencies and uncertainties in risk, thus correcting the deficiency
noted in our initial report.

,

(4) De Use of Espert Opinion in the Revised Study wai Greatly Improved One

aspect of the initial draft of NUREG ll50, which resulted in considerable comment
and concern, was the reliance on expert opinion. Some form of expert judgment
is necessary in severe accident studies because there is a paucity of data and
analysis to quantify complex phenomena that must be addressed. Additionally, it
is virtually impossible to undertake the quantificttion of the range of risk
uncertainty without resorting to the use of expert opinion because of the
extensive number of analyses which otherwiss would be required. The Comittee
believes that the use of expert opinion polling involved in the revised draft is
rigorous and structured, and represents not only a significant 'mprovement over
its use in the initial draft but also in comparison with previous PRAs. However,
expert opinion, even when properly structured, should be applied with caution and
the results treated with some skepticism since the experts are dealing with
poorly-understood and-complicated phenomena.

(a) In NUREG-1150 the use of expert opinion included the largest pool
of expertise ever assembled in support of a PRA, including representatives from
government, national laboratories, industry and universities. By contrast, in-

the initial draft, the expert pool was essentially limited to the project staff
and some contracted personnel, and

2-2
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(b) a formal, structured, process under the guidance of decision
theorists, trained in expert opinion elicitation, and a historical record, i.e...
the underlying rationale for each expert's opinion, was developed and will be.

included in the supporting documents.

Notwithstanding the above comments, the Committee notes two aspects
of the use of expert opinion which raise some concern, namely: (1) a substantial
fracction of the data in - NUREG-1150 were not developed from expert panel
elicitation, but were quantified by the Project staff from available data sources
and, (2) in some instances the risks are dominated by data not reviewed by the
expert' review panels, e.g., the steam generator tube rupture accidents for PWRs.

.

(5) NUREG-1150 Should Supplant WASH-1400 - Although the ana1ys1s was

carried out for only five specific U.S. nuclear power plants, some of the results
and the methodology ~ appear to the Committee to have generic implications, and
NUREG-1150 should supplant the Reactor Safety Study (WASH-1400), which was
limited to the analysis of two of the plants included in the present study (Surry

and Peach Bottom) and'is now outdated. Comparison of the results of the two
studies indicates: .

(a) The core damage frequency for Surry is only slightly lower than
reported in WASH-1400, Core damage frequency reductions due .to plant
modifications and procedural improvements have more than offset increases, such
as a tenfold rise in the small loss of coolant accident (LOCA) frequency, due to
the inclusion of pump seal LOCAs, and improvements in techniques of probabilistic
risk assessment. However, for Peach Bottom, the median core damage frequency has

been reduced by a factor of fifteen, which NUREG-1150 attributes to a combination
of plant improvements, procedural modifications and improved assessment of
initiating events. The Committee is in general agreement with this assessment
but questions the reliance on generic data in arriving' at plant-specific
conclusions (see Section 3.B).

(b) Great advances have occurred in accident progression and containment
performance analysis since WASH-1400. Two of the results of the PWR analyses

2-3
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that are noteworthy are: (1) containments fail late, if at all, and (2) the
substantial reduction in early containment failure has resulted in containment
bypass sequences becoming the dominant contributors to the newer reduced levels.

of risk.
I

*

Some of the dramatic changes since WASH 1400 in containment failure ,

lprobability, conditional on severe core damage occurring, are illustrated in the :
'following tabulation.
!

Conditional Probability of PWR Containment Failure
,

!
WASH 1400* NUREG ll50** ;

,

Surry Surry Sequoyah Zion -

No Cont. Failure 0 0.81 0.66 0.74
Late Cont. Failure 0.76 0.06 0.21 0.24
Early Cont. Failure 0.16 0.01 0.07 0.014
Containment Bypass 0.08 0.12 0.06 0.006

!

Although :ontainment bypass was a significant tontributor to risk in the
! Surry analysis in WASH-1400, the mean frequency of this mode of containment '

! failure in NUREG-ll50 is twelve times as likely as early containment failure,
and, as a result, bypass sequences completely dominate offsite risk in the

|. present study. (Note. Steam generator tube rupture accidents account for ',

| roughly one half of the mean frequency and over 90% of the median frequency of

[ bypass sequences in the NUREG-ll50 analysis of Surry. Steam generator tube

rupture sequences were not significant contributors to risk in WASH-1400.) !

Changes in conditional containment failure probability for BWRs are not as
pronounced as for PWRs, as illustrated in the following comparison.

.

1

f
'
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' Conditional Probability of BWR Containment Failure f

WASH-1400* NUREG-ll50**.

!

Peach Bottom Peach Bottom Grand Gulf i

No Cont. Failure 0 0.26 0.23 '

Late Cont. Fail"re 0 0.04 0.28
'

,

Cont. Venting 0.13 0.38---
<

Early Cont. Failure 1.00 0.57 0.45 |
' ;

'
Only median values were reported in WASH 1400*

Only mean values are available in NUREG-ll50**

3,

(c) Significant reductions in the calculated release of fission products f
to the environment are evident in NUREG 1150. This is particularly true for

- |
accident sequences involving large release fractions, e.g., greater than 10% of
the available core' inventory of iodine and cesium. These reductions are due to -

a combination of reduced core damage frequency, substantial decreases in early !,.

containment failure, and recognition of increased retention of fission products ;

; within the plants' systems and structures. [
*

|
'

r

(d) Predicted offsite radiological consequences are lower in NUREG-1150 ;

than in WASH 1400. However, direct comparisons between the results of the two
i

studies are meaningless for a number of reasons.
1

NUREG-ll50 uses site-specific meteorological and . population-

distribution data, whereas WASH-1400 utilized averages from a
number of sites, i

t

|~ The emergency response measures assumed in the two studies-

L ' differ substantially, and i

:
Substantial differences exist.between the CRAC computer model-

used in WASH 1400 and the MACCS model used in NUREG ll50. -

>
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. ((6) ine-NRC Safety Goals are Shown to bt Met for All Rye Plants Studied -

e .
7

Specifically, those consequence analyses reported in NUREG-1150 (consequences for
'

-seismic event; initiators were not reported) show that:.

,

-

!.(a). The calculated risks, for all five plants studied,'are substantially.'

below the -NRC's -safety. goals for both individual early fatality .sk and i

' individual;1atent cancer fatality risk, even when the range of uncertainty up to.
,

- the 95th percentile is included. '

(b) The central tendencies of the frequency of a large release are below
the NRC staff recomendation of I x 10-6 per reactor year for all five plants

. studied and/are substantially below that value in the case of the Surry, Peach
'

Bottom, and Grand Gulf analyses. The ranges of uncertainty, including the 95th
' percentile of risk, slightly exceed 1 x 10-6 in the Sequoyah and Zion analyses. |

I(Note. Although described as a " tentative goal" in NUREG-1150, the large release
frequency proposed by the staff is not a part of the safety goals approved by the

Comission.)
,

(7) .De NUREG-1150 Documentation is a Useful Compendium of Current Severe

Accident Analysis Iq/onnation and Data - Nuria.1150 and 'its supporting documents, - i

particularly the: multivolume seriu iUREG/CR-4550' . and. 4551, constitute an :|
,

. extensive compendium of information tQ data for use in severe accident analyses.,

and probabilistic risk assessments. They should prove to be particularly useful' 1

.as reference sources in- the ' Individual Plant Examination - (IPE) activities 1

- presently underway in support of each operating nuclear power plant in the U.S.,
I

and they may'be used as a teaching resource on severe accident analysis. |

,

The Comittee does not endorse or take - any position relative to the
p . technical: accuracy or adequacy of the.information and data in' these voluminous. J

1documents. We-have nut had an opportunity to review most of them, and such a i

review is beyond the Comittee's scope.
,

|,:

|.
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(8) . Spec (Mc Mndings with Respect to Analytical Methods and neir Application -.

:The Committee notes- several concerns ,about~ analytical methods and- their i

application.. |

r

(a) Selection of Issues for Quantification by Expert Review Panels -
Because of project limitations, the number of issuds subjected to expert opinion

,

polling was limited. Other issues requiring expert judgment, but deemed to be
:less important,:were quantified by the project staff or contractor personnel.

1

Thus, not all"the expert judgment included in NUREG-1150 was subjected to the
disciplined, structured process described above. The fraction of the numbers not *

generated by the expert review panels is not reported but may be quite large.
.The Committee - believes - that the discussion of issue quantification could be .

substantially improved, with much clearer indication of what probability
distributions were developed by the staff and which. specific issues were
quantified by the ' expert review panels in each segment of the study for each of
the five plants studied.

_(b) Core Damage Frequency Analysis - Although NUREG-1150 is described as

ibeing "a set of modern PRAs, having the limitations.of all such studies," the. ]
'

level of modeling in the front end (Level 1) analysis, in some' areas, is not as
.' detailed asithat found in other current PRAs. 'Resulting perspectives based on i

models'that lack sufficient detail may not be adequately supported (see Section

3.8). ;

-l
!

(c) Containment Performance Analysis -: Major changes have occurred *
>

affecting the importance of certain phenomenological issues' in containment
. performance analysis as reported in the initial ~ and revised-drafts of NUREG-1150. ,f.

However the bases for these changes and insights that would provide an- ,

understanding _of why these shifts have occurred are not discussed in the report. !

For example, direct containment beating (DtH) was identified in-the initial draft
'

.as a major contributor to PWR early containment failure and risk. In the revised>

version 'this ' phenomenon ' goes virtually unmentioned, yet its disappearance I
~

reflects major changes in: -(1) the potential for primary system depressurization c

prior to vessel meltthrough and (2) the magnitude of the contribution to r
Y
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containment;1oading resulting from high pressure melt ejection if the reactor I

ipressure vessel fails at- high pressure. Chapter 9, which purports to-provide
, ,

perspectives.on. containment: performance mentions DCH only in passing, with no
reference to its reduced importance. The Committee finds that the development J
of many.of the important phenomenological issues and insights gained from the . |

' containment performance analysis results are not well documented in the revised-'

_)
'

draft. While the Committee finds that the - large containment event tree
methodology used in-NUREG-1150 is a satisfactory representation. of :the
appropriate phenomenological issues and accident progression time regimes,. it'

lnotesithat some- key events- for some plants are . quantified based on opinion
elicited from the experts on' controversial phenomenological issues. for which

,,there was a paucity of data. As a result, panel members may have held widely'

divergent views that .ed to bi-modal uncertainty distributions, thus possibly-,

affecting the mean value of the distribution. An example is the issue related 1

to drywell meltthhrough in the Peach Bottom analysis. The Committee cautions
'

users of the containment performance _ analysis results to consider and understand
the underlyino basis for the expert judgments, as reported in the NUREG/CR 4551 ,

volumes for each plant, in order to use the results intelligently.

|
.-

(d) Source Term ' Analysis - The development of severe accident source
'

: terms. utilizing the :XSOR parametric source term models is perhaps the most -
inexact aspect of the NUREG-1150' study. Although these models are mathematically

correct, in the . sense that they are simple mass balance equations, it is their
Ivery simplicity- that raises concerns- The'use of the XSOR codes requires the.

|representation of many complex, and. frequently interdependent, processes with a

. Iseries L of single 1 numbers for a given accident, e.g... the fraction of iodine

retained in the reactor coolant system; These numbers were frequently applied |
.to many accident scenarios.- In' all, very large numbers of individual source

y terms were estimated,- e.g., 20,000 for Surry and 75,000 for Grand Gulf.
|

Y Such a simplified representation of complex processes,and phenomena does
,

not' permit' quantification of a number of small effects, which, when taken

[ together, may substantially affect the source terms. The Committee finds the
analysis of source terms utilizing these codes to bo. very approximate, but 1

nonetheless necessary, in the evaluation of the uncertainties and in studies I

2-8
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' directed 'at identifying'which accident sequences and parameters are important
'

;from aLrisk perspective. Source terms for the risk dominant sequences, thus -

identified,; should be subjected to more detailed analysis,-after publication of
NUREG-ll50.:<

Two additional Committee findings with regard to source terms are:
.

A time cutoff of 24 hours after the onset of core degradation for-

the release of radionuclides was used throughout' NUREG-1150,
although no mention of this fact is contained in the report. The

rationale for this cutoff was stated to the Committee to be that
accident - management . actions would be taken to mitigate - releases-

,

after that time. The Committee does not agree or disagree with the
use of this cutoff, however, it points out that its use should be
indicated and discussed in the report. The significance of this
issue is that several analyses, particularly for BWRs, have shown
that late revaporization of volatile species, such as iodine, (e.g.,
30 to 60 hours after the initial release from the core and
deposition in the reactor coolant system) may be substantial if no
operator actions are taken. -

g

g
The source terms for containment bypass sequences, which are ',he i-

' dominant contrihitors to risk in the- PWR analyses, may- be d
characterized ar conservative approximations. In the case. of>

interfacing system LOCAs. (V-sequences), no analysis 'of fission
-

product behavior in multicompartmented auxiliary buildings
containing fire. protection spray systems was carried out. Other,
recent studies have indicated that inclusion of such physical
features has the effect of increasing retention within buildings and :

decreasing releases to the atmosphere.'>

With respect to source terms for steam generator tube rupture (SGTR) -

accidents, simplified conceptualizations were utilized in lieu of
-

detailed analyses. Experience has shown that such simplified
approaches tend to be conservative and overstate releases. The SGTR

.
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sequence descriptions and XSOR input were estimated by a group of C

' Project personnel and were not subject to review by the Expert' |t

[ ,' -Review Panels.'

. u

(e) Consequence Analysis - The consequence analysis presented in NUREG-
' .1150'.is practically impossible to reproduce without access to the MACCS computer 1,

'

program and' detailed |information about the many input variables, which are not7

[ available at this time. _Information important in understanding .the results is-
'Imissing, such as' the fact that inhalation doses reflect lifetime dose

commitments. (Note: By contrast, hDREG-0396, which addresses the technical 3

basis for emergency planning zones, utilized a one year dose commitment.)
.

(9)- ErternalEvents Analyses - The bulk of the NUREG-1150 study considers |.,

risks from accidents resulting from internally initiated events. An analysis of
'

the risks due to external events was carried out for two of the. plants, Surry and
Peach Bottom. Only fires (defined as'an external event) and seismic ~ events were
significant contributors to risk.

(a) - Fire Analysis - The core damage frequency and risk due to fires at
,

'

Surry are somewhat less than for internally ' initiated. events. On the other hand,
at Peach Bottom _ core damage is more likely, and risks from fire initiators are

L greater thant those from internal events, due primarily to common mode failures
caused by fires.

|

.'(b) ' Seismic Analysis - The prediction of the magnitude and frequency of
,

seismic activity is undoubtedly a demanding and uncertain exercise. However, the-
seismic hazards curves used in NUREG-1150, depicting a relatively high likelihood
of very intense ground motion in the eastern United States, are particularly
unexpected. Their use in the analyses yields significant core damage frequencies

L _ due to ground acceleration in excess of 0.59, ~ a result which is intuitively
disturbing for an eastern site. Because of large differences between the seismic
- hazards curves utilized in the study and the fact that the radiological

E consequences could 'be overwhelmed by the direct offsite consequences of the
seismic event, the Committee agrees with the authors' decision not to include the
radiological consequences of seismic events in NUREG-1150.

2-10'
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' (l0) Analyses of accident Prevention and Mitigation Features Have Been Deleted -
,

The initial draft of NUREG-ll50 included cost / benefit analyses of plant features~

intended for accident prevention and accident mitigation.; These subjects were iv

. treated | superficially;; and the Committee agrees with their deletion in the
revised draft'. These are complex subjects which involve ' subtle plant-specific
considerations that, in the opinion of the Committee,' are beyond the scope of ,

NUREG-1150.
~:

!

(l1)' Discussion of Emergency Response Has Been Retained - The Comm1ttee\ 1

? . agrees that discussion of emergency response should be included in the revised
draft;> however, the discussion would be more ~ useful if data on median and mean -|

-

2dose levels.as a function of distance from the plant were included. This would.
facilitate comparison of offsite consequences for- the five plants studied,- |
independent of population distribution differences and emergency. response .|

'

measures from site to site, and make the -data more generally useful . for
comp,arisons with WASH 1400 and other. studies. .

.;

L. (l2)' The Quality \ of the Report is Sub"-=d=11y Improved - In ^ 1ts overa11
.

configuration the revised version of NUREG-ll50 is an' improved document over the -

first draft; however, some shortcomings in the quality of the report remain. .
'

>

1
.,

"

(a)? Following a concise introductory chapter in which the objectives of
the project 'and the' report are stated, there is a chapter in which > the
methodolo'gi is presented, including explanatory examples of how the results will
be displayed. Appendix A ' amplifies the discussion of methodology, Appendix.B
presentsra sample calculation, and provides a description of how' a number of

'

involving. unc' rtainty were evaluated. These' difficult decisional . issues '

e

' Appendices and the first two chapters prov_ide a detailed and clear explanation
'of the process. l

!
'

1

(b) The five chapters in which results for _each of the plants are )
. presented are also quite clear and readable. Because essentially the same format -|
is used in each' chapter, with the same explanatory remarks, these chapters are )
somewhat repetitious. However, some substantial differences in the Zion

2-11 |
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analysis, performed by the Idaho National Engineering Laboratory and the analysis-

of the other four plants, . performed by-Sandia National Laboratories, are not
highlighted.'

(c) ' A major criticism of the original NUREG-1150 was the manner in which
results were portrayed. The current version does a much better job of presenting

'the results. Probability distributions, including medians and means, are shown
,

for core damage frequency, containment failure probability and individua1' isotope
releases. A particularly helpful form of the results are the matrix-like figures
in which mean values of accident progression bins (e.g., containment performance)-
are combined with mean plant: damage states (and their associated core damage
' frequencies). Pie charts are -used effectively to display qualitatively- the
contributions of various initiating events and' accident progression scenarios.

.

(d)- The last part of the main-report, six chapters of " perspectives" on
the calculated results and their use, is the'1 east effective and hard to follow.
Certain of the' material here is very worthwhile (e.g., 'some aspects of the
comparison with: WASH-1400) but much of the -discussion seems forced, and the
observations range from the obvious to those for which the analysis provides no
apparent basis. - These chapters could be shortened considerably with no' loss of-

their impact.

(13) ne Adequacy ofthe Repon In Section 6 of our report we; address the

adequacy of NUREG-1150 with respect to the intended uses stated-in the revised-
: draft. Inasmuch as the report' points out _ that in any - of its intended
applications NUREG-1150 will ~ be used' only as one ~ of a number 'of information-
sources, we find that it is adequate for its stated uses.. We offer, however,
certain cautions or encouragements with respect to the intended uses, including:

'

(a) To Develop Guidance for the Conduct' and Review of IPEs - In using
NUREG-1150 in this context we caution that its limitations should be kept in mind
.and' note its use for a specific plant should be justified.
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L l
j, (b)= To - Assist -in the Consideration of Improvements = to Containment '{
L Performance - Because the final determination of containment adequacy .is plant- |
j.; specific, those responsible for performing these analyses must make the final

| judgment regarding the applicability of information from NUREG-ll50.-

(c) To Assist in the Identification of Plant Operational Features and
Practices That Have an Adverse Impact on Plant Safety - As :long as the plant- j
specific nature of the models is recognized, we concur that the NUREG-ll50 ]

'

results can be used in this way. ;,.

m
- ,

(d) To Assist in Safety Goal Implementation Strategies.- There is no )
O ' basic reason why the NUREG-ll50 results for the five plants studied, as well as

i

other risk assessments, cannot be used for this purpose. The Committee does not

y believe the. limited information presented in-NUREG-ll50 with respect to the NRC
],

g staff's proposed large. release goal of less than 1 x 10-6 per reactor year would I
g be particularly useful in the evaluation of implementation strategies. |
J
f j,

jf (e) To Assist in Evaluation of Research Priorities and Prioritization and:
Resolution of Generic Issues - Although the NUREG-1150 study- certainly can be
useful in this regard, the Committee believes an opportunity to do so within

,

L NUREG-ll50 has been missed. Risk assessment results, especially the results of
many risk assessment studies, taken together, can and should be used for the
prioritization of' safety issues and the-resolution of others. The Committee

believes that such use of NUREG-1150.should be considered _ a priority applicacion
_.

'"and a principal' benefit of the substantial resources expended in this multiyear.

L study..
,

,

- b. Recommendations '

(1) We recommend-that the members of the American Nuclear Society become ,

familiar with-NUREG-ll50:and its supporting documents and avail themselves of '

their useful features. While the Committee believes NUREG-1150 represents a -

valuable- and extensive: compendium on severe accident ~ analysis, this>

:

. recommendation is not an endorsement of the accuracy and reliability of all the '

'2-13
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information~ and data contained therein. Caution is urged in the use of some-
results as disc'ssed in our findings, in other recomendations, and elsewhere is ju

our report.

(2) As noted in our findings, the Comittee-believes that NUREG-1150 )
- should supplant the Reactor Safety Study (WASH-1400) which is now outdated. l

|'

.

L. : ;

L - (3) Since data from WASH-1400 were relied on heavily in the development
of existing emergency planning requirements (see NUREG-0396), we recommend that.
data on the conditional probability of exceeding specific doses as a function of
distance (e.g., similar to Figure I-ll of NUREG-0396) be included in the final |, .

L draft of NUREG-1150, in order to provide more up-to-date information for
assessing this important area. ;

(4) The Comittee urges the NRC staff to issue the supporting NUREG/CR-

L 4550 and 4551 volumes for each of the five plants studied as soon as possible.
Issuance of these reports should not be tied to publication of the final draft
of NUREG-1150. We believe the users of NUREG-1150, such as individuals and
groups involved in' Individual Plant Examinations (IPEs), should have the benefit
of these supporting documents.

.

' (5)- Our findings, n~oted above, and observations elsewhere in our report
!' should not be: interpreted'as identifying the need for.a major rewrite of NUREG-,

. 1150. - Rather, we recommend publication of the-final report as soon. as possible.
However, Lwe' do recomend .that some sections' be sub:tantially modified. For

example,' Chapters 8, 9, and 10, which discuss " perspectives," should be revised
- to more accurately reflect the results of the study.

(6) The final version of NUREG-1150 should clearly state that it should
.beiviewed as a' new study :and as a replacement forLthe initial draft of the-

report. This is important because: (a) the earlier draft was widely circulated,
,

it received extensive comments both domestically and internationally, and many
issues were raised which have subsequently been addressed, and (b) some of the

- results and conclusions of the reanalysis are substantially different than those
-of the initial draft.
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(7) Because the readership'of NUREG-ll50 is_ expected to be much' larger - I

than for the supporting documents, a summary tabulation, or matrix, should be
,

1 included in the'. final draft which lists the specific issues studied in each >
segment of. the analysis, along with an indication as' to how each issue was
quantified, e.g., by expert review panels. Such a tabulation should clearly :

delineate hoe each issue was treated for each of the five plants studied. Some ,

simple indication of the relative importance of each issue should be included j'

with reference to where more complete discussions can be found. -|

p (8) The use of the XSOR Codes in NUREG-ll50 has'resulted in estimated
,

source terms for the major contributors to risk, such as interfacing system LOCAs '

'and steam generator tube rupture accidents for PWRs and station blackout and ATWS

sequences for BWRs. For those sequences which .NUREG-ll50 has shown to be
significant contributors to risk, more sophisticated analyses of the source terms 4

for these particular cases should be undertaken in follow-up studies.'
-

(9) . As presently reported, the source terms and concomitant offsite risks
! for PWR accident sequences involving containment failure are largely obscured by :

the effects of containment bypass sequences, which are believed to be overstated I

due to simplified modeling, and need -to be subjected 'to more ~ sophisticated
analysis. Therefore, we recommend that the source terms and offsite consequences -
of these two separate and distinct classes of accidents, i.e., containment

'

failure and. containment bypass, be reported separately, as well as the combined
data presently reported. This is important not only_ because we believe the -

results for the bypass sequences are more likely to change in time, but other- ,

considerations logically apply to the many so-called "in-containment" 'ccident
sequences considered in NUREG-1150. These are essentially unaffected ')y the

' outcome of invastigations of containment bypass sequences.
i

(10) To help overcome some of the difficulties encountered'in comparing,

' ' offsite consequence analyses among the five plants studied, and with other <

studies, we recommend that data on dose.as a function of distance be included in

the final report (similar to Table 10.1 of the initial draft of NUREG-1150). !

_This would provide radiological consequence results independent of population-!

distribution and make the results more generally useful.4
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(11) Weirecomend .that resolution of the seismic risk estimates be
addressed outside the scope of NUREG-ll50, in keeping with our Recomendation #5,
that- publication of the final draft of NUREG-1150 not be dela' ed.'
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3. REVIEW OF NUREG-Il50

1

-This section sumarizes the Comittee's revin of the NUREG-ll50 ci

methodology;ard the results from application of the internal' event methodology -)
lto' five (5) plants and the external methods to two (2) of the five plants.

l'

4. Overview of Methodoloov and Use-of Exoert Ooinion ;

i
~

Each part of the methodology (accident sequence analysis for example) is i
divided into_ a description of the methodology, a sumary of the results, and a j

f ' discussion of the merits and shortcomings of the methodology as well as a
~~

'

discussion of the results and conclusions. The Comittee's evaluation reflects !

the information contained in the top level documents, NUREG-1150 sumary reports,-
~

and briefings by the NRC and the NUREG-1150 Project staff. The Comittee did not 1

have the benefit of many of, the suppcrting NUREG/CR 4550 and 4551 documents which

provide the details of. the expert elicitation and specific- plant analyses. 4

NUREG-IISO is an attempt to develop comprehensive- risk information on U.S. j
u nuclear power plants through the analysis of five plant types. The analysis H

_ performed for each plant includes the risk assessment elements needed to estimate. ' j
the off-site risk. These elements are shown and ' illustrated in Figure 3.1 (from |

'

Sandia. National 1.aboratories), and collectively!are referred to as a level 3
:|

probabilistic safety assessment. In addition to the estimate of off-site risk,
u

a major part of the NUREG-ll50 effort was expended in the estimation of the
uncertainties in the risk estimates. |

The revised draft of NUREG-1150 includes an assessment of the risks
'

due:to external events for two nuclear power stations, Surry (3-loop PWR) and
|

PeachBottom(BWRwithNarkIcontainment). These are the plants that were used
to typify-the two major reactor designs for the Reactor Safety Study, WASH-1400.

- External events were not included in the initial draft of NUREG-1150.
L |

As illustrated in Figure 3.1, the key risk elements are the estimate
of. accident (core damage) frequency, accident progression through containment'

response to phen *omena leading to possible failures of the containment, estimates |

3-1 |
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of the source'' terms: resulting from the various accident progressions, and'
estimates of the consequences resulting from each of_ the source term estimates.

1The. core damage frequency analysis leads to a number of core melt sequences
- having similar safety system and support system failures. These are grouped into
" plant damage states" according to similar failures of equipment function and-
reactor system conditions as vessel failure approaches. Each of these plant

~

'

damage states is carried through a containment event tree -(one for each plant- s

'analyzed) to develop the phenomenological conditions and containment response for

each accident progression path which determine the timing.and' failure mode of
containment and influence the transport and release of fission products.-

i Since there are tens of plant damage states resulting in hundreds cf'

L accident progression paths, similar paths are grouped into accident progression !

I bins so that the number of source terms required to be developed can be limited.
Even so the number of source terms ' developed for some plants reached several !

: thousand. This magnitude of data required the use of a' simplified cass balance
|

| code rather:than a detailed time dependent physics based computer code. Thus

each of the accident progression bins was analyzed using factors in a simplified f
'

expression to represent complex fission product tran' sport phenomena. Again, a.
large number of source terms were developed, and these also had to be grouped by ;

similar-source term characteristics.

'

Source terms tended to naturally group into separable patterns according to type

[ and timing of release, and thus they were grouped according to thess " clusters"

| for calculation of the off-site consequences and risk. 1

| '

K The expert opinion elicitation process.used by the NRC's project staff as f e

a means to establish uncertainty of major 1sms deserves special note. L'hile
| the application of expert polling as used in the revised draft' of NUREG-1150 is

not unique,_ it is rarely'used correctly and rigorously. In fact, the initial

L draft of NUREG-1150 was very severely and extensively criticized for the way' in
'

which the elicitation process had been carried out. In response to these pub 1'ic l
fcomments,- the NRC initiated a major and very thorough expert polling process.

Professionals in the field of opinion polling were brought in to guide' the
. program, train the expert panels, and ensure that the polling was properly

3-3
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e conducted. The issues that are important to- the core damage frequency,
containment response, or source terms were screened to identify those for which ' j

'sufficient' information existed to adequately characterize the uncertainty
distribution and. those- for which relatively little information was available. |
Experts were chosen' from- all - sectors of the nuclear industry, trained in the !
expert elicitation method, and presented with all of the available data on the !
particularsubject. ;

i

Experts were assigned to small groups to consider particular issues and ;

were given several months to develop ~their individual analyses of the issues and
, defend . them to the group. In the final polling each member submitted a

'

probability distribution for the particular issue, and these distributions were
averaged. In all, ten accident sequence issues: (NUREG-1150, Table A-1) and
fourteen containment phenomenological and source tem issues (NUREG-1150, Table q

-A-1) were addressed by the experts as well as several secondary issues.

In addition to probability ' distributions ' developed by the expert panels,
a number of distributions for specific issues were developed by the Sandia

'

project staff. All distributions were sampled by -a specialized Monte Carlo
- sampling routine (Limited Latin Hypercube Sampling) repeatedly to provide sets

'of input' values. Each of these input value sets was propagated through the-

system , fault. trees, the containment event trees, and analytical models. The

containment or- accident progression events; that were treated as uncertainties

| were. assigned the values corresponding to the input set. All others were held-
.

8

fixed.- 'The corresponding output values yielded distributions in the output
containment failure and source-term input parameters._ In this way. (repetitive ,

,

'

' sampling and propagation) results in the form of probability distributions were .

L: . developed for core damage frequency, containment response, and source terms.
1 Each of these areas is discussed below.

,-
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b.- Core Damaae' Frecuency Analysisu

'!
'

'(1) Core Damage Frequency Methods for Internal Events
|
1

The methodology employed to determine core damage frequency (CDF) contains

the essential elements required to perform a probabilistic risk assessment study,

'

of 'the plant systems, procedures, ' and operations, (generally defined Lin the
literature as a level one analysis, but sometimes called a " front-end" analysis).
These essential elements include:

1

Accident Sequence Initiating Event Analysis-
.

| Accident Sequence Event Tree Analysis-

Dependent Failure Analysis (Modified Beta Method) |
-

Human Reliability Analysis (THERP.. Method & sometimes - I-

reliability methods)
' '

Data Base Analysis (Generic data and plant specific data-

.
when available)
Accident Sequence Quantification Analysi.s-

Uncertainty AnalysisL -

L

Th'e NRC utilized two national laboratories to perform the analyses of the
five plants evaluated 'in NUREG-1150. The Surry,y Sequoyah, Piach Bottom, and .

,

Grand Gulf. studies were performed by the Sandia National Laboratories (SNL). The

L Zion Nuclear Plant was analyzod by Idaho National Engineering Laboratory (INEL)
,

L using a fundamentally different approach., 'INEL employed different techniques in

|. their' study in order to take advantage of the extensive PRA already performed by '

| . the Commonwealth Edison Company and its contractors. This different approach for
. :

Zion may have led to' differences between the Zion results and the other studies.

X In the SNL studies, Sandia used a fault tree linking approach to quantify
.

t

L accident. sequence frequencies. With this approach, event trees were used to
j,

' define the various combinations of initiators and system failures that can lead
to core damage. The system fault trees were combined to represent the functional
failures (e.g., loss of high pressure injection) identified in the event trees
for . specific initiators. The composite fault trees that represent accident ;

l' 3-5
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sequences are then solved to determine the combinations of initiators, component _.
failures, and/or human: errors (i.e., cutsets) that lead to core damage.
Quantification of the events that comprise these failure combinations results in
an estimate of-accident sequence frequencies.

6.

In the Zion study, INEL used a large event tree approach to calculate
"

accident sequence frequencies. With this approach,.a large event tree is used
to define a series of. conditional probability of events. Accident sequence

frequencies were calculated by multiplying an initiator by the conditional events
'that lead to core damage. As shown in Figure 3.1, inputs to the front end phase.
,of the risk study are initiating events and outputs are plant damage states. The
latter' areidefined in terms of the status of the reactor coolant system, the
emergency core cooling systems, and the containment safeguards systems at.the
onset of core damage.

(2) Summary of Core Damage Frequency Results for Internal Events

A sunmary of internal event cc,re damage frequency estimates for each plant -
is provided in Table 3.1. The principal core damage contributors-for each plant
are sumarized in Table 3.2. Contributions to. core damage are expressed in
percent of the total mean core damage frequency.

(3) Discussion of Internal Evnt Core Damage Frequency Analysis

'

The NUREG-ll50 results (Table 3.1) are consistent-with an apparent trend
-that has developed with recent PRAs, a gap between the core damage frequency of
PWRs and BWRs. 'Since the publication of WASH 1400, the CDF of BWRs. have dr'opped
substantially relative to those. for PWRs. The results of - NUREG-ll50 show-

that the CDFs of the BWRs (Peach Bottom and Grand Gulf) are about an. or' der of
magnitude below the: CDFs of. the PWRs (Surry 'and Sequoyah). A . pl ant-unique

~ support system dependency (which the owner-operator has committed to correct)-,

caused the Zion CDF to be out of line with the other PWR results (see
--Table 3.1).

1
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Table 3.l'. Summary of NUREG-1150 Core: Damage Frequency Estimates * l-

,

.

5%" Median Mean 95%'
,

Zion 1.1E-4 2.4E-4 3.4E-4 8.4E-4.
Sequoyah 1.2E-5 3.7E 5 5.7E-5 1.8E-41 .

Surry 6.8E-6 2.3E 5 '4.1E 5 1.3E-4
Peach Bottom 3.5E-7 1.9E-6 4.5E-6 1.3E-5-
Grand Gulf 1.7E-7 1.2E-6 4.0E-6 1.2E-5

Notes: *Per reactor year,
Mhis value' (5th percentile) represents the confidence limit-

,

at which there is only one chance in twenty that the actual
core damage frequency-is less than the corresponding frequency. :

*

'The 95th percentile represents the confidence limit at which
there is only one chance in' twenty that the actual core damage ,

frequency is higher than the corresponding frequency.

Table 3.2. Princip61 Contributors to Internal Core Damage Frequency-

;

Accident Type ' Zion Sequoyah Surry Peach Bottom Grand Gulf
(Values in- Percent)-

Station Blackout 1.9 26 67 49 98
'

Loss of Coolant
(LOCA) 93 63 15 5.8 <1 ;

Failure.to Scram-
(ATWS)' <1' 3.3 3.9 42 2.8:

Transients- 4.2 4.4 5.1 3.1 <1
,

Interfacing LOCA <1 l.1 3.9 <1 <1'

3

Steam Generator
Tube Rupture <1 3.0 4.4 N/A N/A

Iy.
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A detailed discussion of.the perspectives drawn from the core damage
.

frequency analysis is-found in Chapter 8 of NUREG-1150. Comments are~ summarized

below on 'some of the perspectives in Chapter 8.-

1

(a) NUREG-ll50 Perspective: ATWS sequences in BWRs are not-dominant.

because the plants studied have implemented the anticipated :

p transient:without scram (ATWS) modifications'.

Comment: In both the Peach Bottom and Grand Gulf studies no explicit
modelling of the reactor protection system, the alternate . rod ;

insertion system, or the recirculation pump trip system was
performed. The unavailabilities of the above - systems were taken !-

from generic - data sources or were estimated ' using engineering
judgment. Plant specific dependencies (e.g., DC power for the i

alternate rod insertion system) were not captured in the analysis.
.

u In view of this ob. vation, it is difficult to justify this NUREG-
.

I1150 perspective about ATWS. sequences.

'

(b) NUREG-Il50. Perspective: Station blackout contributes a high-
percentage.of the core damage frequency for both BWRs and PWRs.

.

Comment: Station blackout may not be a major contributo'r if special i

-initiators (e.g. loss of service wunater (SW)-or loss of DC power)

L were assessed in more detail.and uniformly across all the NUREG-1150
'

studies.- For example, in the case of the Zion study, a common
discharge header in the component cooling water system was assessed,m

!' to be' a major vulnerability for reactor coolant pump seal LOCAs.
~

This vulnerability was explicitly modelled in the Zion study. :In '

the case of the Peach Bottom study, potential vulnerabilities in the

( service water system (e.g., common SW header _ for two units) were

I , identified but not explicitly modelled. A qualitative analysis was
used to exclude potential SW initiators in the Peach Bottom study.
The treatment of the DC power failure initiator in the Peach Bottom
study did'not account for battery dependencies in the offsite power

|5 supply to the emergency busses. These omitted dependencies could

3-8
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usult in an underestimate of the impact of special-initiators or . -

support' system initiators. .

*

..

;(c)- NUREG-1150 Perspective: Grand Gulf is better equipped than Peach.
. Bottom to - respond to a station blackout event . because 'it has an

,

extra diesel which is dedicated to drive the high pressure core
spray system.

l
Comment: It would be very -difficult to support this ' perspective-
since the station blackout mean core damage frequency contribution-=

for. Grand Gulf (3.9x10-6/yr) is twice the frequency for Peach Bottom ,

.(2.1x10-6/yr). :The highest station blackout sequence for Peach
'

Bottom, which involves the - depletion of station batteries- and
resulting _ failure of all high pressure makeup systems, has 'a mean
core damage frequency of 1.6x10-6/yr. The highest station blackout

,

sequence for Grand Gulf, which involves failure of the dedicated
diesel for the high pressure core spray system, has a mean core- ;

damage frequency'of 3.6x10-6/yr.
-

,

.(d) NUREG-1150 Perspective: Although Peach Bottom is a two-unit site
,

L with four diesels, any one of which has sufficient capacity and the j-

appropriate cross-ties to power both units in the event of a loss of '
~

offsite : power, support system dependencies -(i.e.,- DC power and" .

. service water) o.ffset the diesels. I

i

Comment: The four diesels at. Peach Bottom are shared between unit (2(
-

and unit 3. Each unit has four divisions of AC power (i.e., A,B,C, .

& D). For example, diesel generator A'provides emergency AC power!,

l .to the unit 2 division A bus and the unit 3 division A' bus. There-
:are no apparent cross-ties between diesel' generators and' no credit' '

for' a '~ cross-tie capability. is taken into account in accident-

isequence recovery analysis. If support system dependencies'are very

L significant in the Peach Bottom study, it is not clear why support i

system initiators (or special -initiators) were qualitatively

excluded from the analysis as indicated in NUREG/CR-45.50.
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% -(e): NUREG-1150. Perspective: ' LOCA. and transient sequences. are more: |
-

deaificant at Peach Bottom than at Grand Gulf because the. steam- I
driven high pressure injection systems at Peach Cottom are less i.

reliable than the diesel-driven' core spray; system at Grand Gulf. i

- !
i, Comment: The: dominant LOCA and transient: sequences in the Peach'

Bottom study involve failures of the low pressure injection system,- j

whereas the dominant transient sequence in the. Grand Gulf study
,

involve.the failure of the diesel-driven high pressure core spray- '

system -(Grand Gulf LOCA sequences were less than 1.0 x 10-8/yr). I,

Since the dominant LOCA and transient sequences for the Peach Bottom. !
, ,

study do not involve -failures of the steam-driven high pressure '

L injection systems, it would be very difficult to justify this NUREG- j
1150 perspective.

1
r

c.. Containment Performance Analysis j
!

-(1) Methods for Accident Progression and Con,tainment Eve'nt Tree. .

L LThe containment event tree (CET)-as shown in the overview of NUREG-1150
|+

p (Figure 3.1) accepts the-plant damage states-determined from the- core damage 1
. sequences and generates. accident progression paths collected into accident'

progression; bins._ In turn, these bins are used as tho basis for source ~ term
calculations.

<

f JThe containment event tree '.is - used to display and track the various, 1

] - phenomena associated with core melt progression and containment response. These !

events are defined in a-logical way that provides insights-into features.which f
control containment- performance and allow efficient quantification of. the; i

accident progression: paths. .The containment event trees used in NUREG-1150 l

!contain many more top event questions than other recent ' studies (About '100 Lp* -detailed questions in each compared to about a dozen more general questions in !

K' - many.other~PRAs). A tree was developed for each plant for use with all plant
damage states. . A formalized process (case structure) was rd to insure
consistent treatment of phenomena throughout each sequence. Physical quantities

t
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were reportedly tracked through the accident sequences to insure conservation of
;

* quantities (e.g... Zirconium mass).
. ,y

'

,

[ The containment event' tree was constructed by dividing. the -accident'
Esequence into time regimes. These time regimese includo: -

,

.

start or initiation of the accident resulting in containment systems-

i or other support system failures which may lead. to containment
failure,

the period prior to core melt leading to containment challenge,.< -

3

f core melt,.-

-the period immediately prior to vessel breach,g - -

vessel breach and'immediate containment response (first two hours|: -

following vessel breach), and
''

the late containment challenge period following vessel breach-4-

(greater than two hours-after vessel. breach). ,

[' A series of; questions or branch points were then developed specific to each y

7 of the time regimes identified above and for each plant. These questions were
quantified by . sampling the probability distributions provided by either the j
expertipanels elicited for.certain. issues or by the project staff. Of the many 1

L: containment event tree nodes, fourteen. major questions (issues) were identified l

h.! for quantification by the expert panels'(out of hundreds of basic issues). The j
[ quantifications of several of these iss' es are included in Appeno'x C. !u

|,

The quantification of each issue elicited of the expert panels was done by. 1..

=|
+

L, asking the experts to develop the likelihood of an event occurring with varying
. outcomes (e.g., the probability of 40 percent of the zirconium oxidizing prior
.to vessel meltthrough, 60 percent and so on). Each expert developed a probability |

~

-distribution for the issue, and the,se were averaged to obtain the probability. j
. distribution' to be used for the issue'. The project analysts also developed j

' probability distributions for issues--which were considered to have an adequate j
g

; basis of supporting datave and single values for some questions. To quantify the '

- sequences and develop the output uncertainty distributions (e.g., a distributions
for early containment failure), the analysts utilized a process for sampling the

3-11
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.' probability distribution known as Limited Latin Hypercube Sampling. This method

. , ~ . '
: forces sampling across the = probability distributions for- the specific- issues.'

,

With relatively few samples one can develop an uncertainty distribution in the
CET output when each set of values from sampling the issue distributions are. 4
propagated through the event trees. In the Limited Latin Hypercube approach,

,

about two hundred samples were taken as compared with thousands which would be
required for complete random sampling.4

The ' outcomes of the containment event tree were examined by a post-
*

processor computer code that examined the characteristics of the branch such as
timing of release, containment failure location, etc. for grouping- similar

' outcomes'into accident progression bins that could be used directly by the source
term analysts to predict fission product releases. Quantitatively, the CET
product consists of a matrix of conditional failure probabilities, with _one

;

7 probability (mean value) for each combination of plant damage state and accident- !

g: progression bin. Also 'ncluded as a product is the probability distribution of
early containment failure for -each plant damage state. Measures . of this

* distribution include the Mean, Median, 5th percentile value, and 95th percentile
value.

'

-(2) Summary of Accident Progression and Containment Performance '

iAnalysis Results .

Figure 3.2 (a composite figure made up from several figures in NURE'i-1150) _
,

presents- the conditional early containment . failure (ECF) probability
distributions - of the five plants studied. This figure shows a dramatic <

difference from the'large dry containment represented by Surry (fails early less I

than one percent of the time) to the small BWR Mark I containment represented by. ]

Peach Bottom (mean early failure probability is. approximately 60 percent). )
'

'Figures 3.3 and 3.4 ' (Figures 3.5 and 4.4- from NUREG-1150) present the mean -
-conditional- containment response probabilities in matrix form (accident ~ .

progression bins probabilities based on the mean core damage frequency for each
of the major plant damage states) for the Surry and Peach Bottom plants
respectively. Similar figures may be found in NUREG-1150 for the other plants.
Notable among the various containment responses is that containment bypass
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y dominates the Surry plant's potential release with only a very small fraction'of
early or late containment failures predicted. However for Peach Bottom, EC occurs
for several: failure modes a large fraction of the time. In general, ECFs for the-

PWR plants studied are associated with station blackout (SBO) damage -states,
since there are no sources of containment cooling continuously available in these
sequences and vessel breach at high pressure is possible. For the BWR plants

studied the susceptibility to containment challenges was greater because they
- have smaller containments.

(3) Discussion of Accident Progression and Containment Performance
Analysis

.

Several important factors have emerged from the work performed for the
revised draft of NUREG-1150 that have affected the differences in the PWR and BWR

results. In the initial ' draft of NUREG-ll50, direct containment heating!ar{
hydrogen burns.were the major contributors to ECF for PWRs. Containment shell

meltthrough and hydrogen -combustion were the major contributors for the BWR
plants.

.

For Surry, Sequoyah, and Zion- evaluation of the recirculation patterns
within the primary system along with an examination of the emergency procedures

'

and othe'r features' of the PWR reactor systems has led the experts to conclude
,

that the primary system would be depressurized before vessel breach could occur.-

This has substantially reduced, the importance of direct containment heating
(resulting from meltthrough, of the reactor vessel under high pressure = and

'

-dispersal of the debris into the containment atmosphere) as a containment failure
contributor. Other phenomena that can cause ECF in large dry PWR containments
are in-vessel steam explosions, and hydrogen combustion. These are observed to

(be very small contributions for Surry and Zion. For the-ice condenser plant,
Sequoyah, the probability of ECF is larger than for the dry containments'because
the ice condenser containment is relatively small.- In addition to being more
sensitive to hydrogen combustion than dry containments, Sequoyah was found to be
somewhat sensitive also to containment wall meltthrough as -a result of a
postulated failure of the seal table plate during high pressure vessel breach and
blowdown.
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For Peach Bottom, 'NUREG-1150 predicts that ECF is principally caused by
'

melt"~ ugh of the drywell wall as found in the initial draft of NUREG-1150, with
smalin contributions from drywell head lift due to drywell-overpressure and-

,

B- drywell wall failure due to direct containment heating. - ECF at Grand Gulf was
.

(. predictd to be primarily by hydryen combustion and to pedestal failure from ex-
'

vessel steam explosion in combination with drywell; pressure at vessel breach to
a lesser degree. The chances were almost 50/50 that hydrogen combustion would !

fail the Grand Gulf drywell, as well as containment, leading to a substantial
bypass of the containment suppression pool. !

t

= ;

F Another important result of the containment performance.ana!ysis is the. -

' prediction for PWRs that no vessel; breach and no containment failure would occur
L for a high percentage of the time for the important damage states. For the BWRs, J

'the conditional non-failure probability of containment failure was low.'
,

u
h To understand why such large differences were found in the containment
u

L performance of the PWR and BWR requires a careful examination of the evidence-
supporting the above' observations. Although the revised draft of NUREG-1150 1

contains two sections that were intended to ' provide insights into. the more'

important issues and results (Section 9 and Appendix C), these insights into the
importance or perceived importance of some of these accident progression bins are ;

missing. Rather Section 9 of NUREG-1150 reports'the results that are most risk -

significant without the benefit of the expert rationale or the evidence that.

|- support the results. Since some of the conclusions drawn are very important for ,

! all plants, it is necessary that the insights be included. Evaluation similar
to' Appendix J of the initial draft of.NVREG-1150 is needed. Appendix C attempts
to provide some of the insights into selected issues placed before the-expert '

I panels. But each discussion of the expert panel results and the rationale-
p supporting these results provided in Appendix C was brief and-for some issues

covered only selected parts of the issue. For example, hydrogen generatipn in-
vessel, which is the key issue for the Grand Gulf analysis, was not included in
the discussion and thus leaves no convenient way to evaluate the basis of the

L expert opinion. As another example, the meltthrough distribution for tne Peach
Bottom drywell wall results from the averaging of six expert votes, two votes

L against meltthrough ever occurring and two votes for meltthrough always

3-17

!

,

.t . _ , . . , , .- --,



,, . _ _ . __. . __. __ _ ._ .- _

< *

a
-,

.

'

y/. .

--'

i

i

occurring. Although this example is discussed briefly in NUREG ll50, Appendix ;

C, the needed insights currently must b sought in the supporting technical |
reports wi.en they become available, ano they will have to be developed by the |

-

re'Jer.

Other comments are-offered as follows:
,

!

As observed in the results section of' this report, the early |
-

containment failure rate conditional on the plant damage states was j
very low for the large dry PWR containments, slightly larger for the j
ice condenser containment and high for the BWR containments. These |

,

large differences center around a few key issues that currently have |
no sub'stantial base of experimental results and were treated by the !
expert polling process. Since there is a lack of data on the more I

'controversial issues, the panels tended to develop a wide range of
dist;ibuticas- ivhen probability distributions are developed that
cover wide ranges of values (over several orders of magnitude), the <

95th percentile bound on the distributio,n will carry significantly
more weight as the mean will be close to it although the median f
value may be far below the mean (i.e. one vote at 90 percent failure !

probability is worth as much as nine votes at 10 percent). .

'

1

Alti a O e BWR containment failure rates are perceived to be much i-

higher than the PWR, the core 49ge frequency is much lower for the
BWRs. Thus the probability of an accident izwolving fission product |

-

release is actually less fur the BWRs. Although, containment,
performance is a highly important consideration, judgment must be i

tempered by overall performance. The focus on the BWR containment ,

as an unacceptable severe accident barrier loses the perspectiva j

that the NUREG 1150 BWR plants have as good or better overall severe i

accident performance as the three PWR plants,
i

|

| The high rate of early containment failure predicted for Peach-

| Bottom, a BWR, is causeo almost entirely by the opinion that the
Mark I Drywell wall will meltthrough when contacted by core debris.

1
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Whether substantial debris / wall contact occurs is dependent on a !

number of factors- including the amount of molten core that is
ejected from the reactor vessel and the rate at which it enters the-

drywell. Whether a small amount of debris or an amount sufficiently
large to achieve wall contact would be initially released at vessel
failure is not known. There is a paucity of information available
to support expert opinions.

Another Peach Bottom early failure mode is based on the assumption j-

that high pressure at vessel breach will fail the drywell before the
Mark I containment vent system can clear and allow steam to condense

'

in the suppression pool. Since the vent clearing time is only of j
the order of- a second and the initial vessel breach requires some l':

time to discharge the vessel contents, it is hard to justify this
I

failure mode. Section 9~of the NUREG-1150 report does not provide
the rationale behind this failure mode, and the supporting
documentation of the expert panel is not yet available. |

1
1

The Grand Gulf early containment failu'res are based on hydrogen 1-

combustion for every important accident scenario. Again,.NUREG 1150 j
does not identify why the expert panel results lead to failure of |-

the containment and drywell about 40% of the time in which core mel'
]

.

has occurred (about 80% of.the time for late 580 and ATWS). Or - j

the drywell would be expected to be steam inerted in cases of
transients. The results imply that the amount of hydrogen is large 'l
in every sequence, yet, in sequences such as station blackout, large |

,

amounts of hydrogen are not : always necessarily produced.

Presumably, the hydrogen igniter system would not function in
station blackout sequences. Why does it not work in non blackout
sequences? Insights into the hydrogen' production considerations i

made by the panels would be helpful,
.

i

Although the predictions for early containment failure (conditional j--

on core melt) of the Sequoyah ice condenser containment are much |
lower than the BWR conditional failure predictions, failures were I

3 19 ]
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nevertheless identified with about a 0.07 probability of failure
upon core melt. One of these failures involves the seal table guide
plate during a high pressure vessel breach and blowdown which-

subsequently allows substantial amourt of core debris to contact the
containment wall and melt through. Since this plate is designed for
hf% pressure and the period for passage of entrained debris is very
short, it might be expected that this failure mode is highly
unlikely. What were the considerations that contribute to the
failure mode, and how do they translate to other plants with similar
situations? Such insights are needed in the report.o

*

In summary, the perspectives provided in chapter 9. " Accident Progression",
and Appendix C, " Issues Import' ant to Quantification of Risk", identify the
various failure modes that the analysts and the expert panels considered, but the
insights needed to place the results in perspective and to utilize the results
elsewhere are missing,

d. Source Term Analysis
.

Source terms describe the quantity, type and timing of release of
radioactive ~ material to the envi'ronment. In NUREG 1150 they are expressed as

. frictions of the core inventory of nine specific radionuclide groups which are
released to the atmosphere. Thus, the term release fraction is sometimes used
interchangeably with source term. As shown in Figure 3.1 a source term
calculation was performed for each accident progression bin, Because the
thousands of source terms ine.luded in the analysis of each plant represented too
large:a number for further analysis,'they were group into source term clusters
for input to the offsite consequence analysis cegment of the study.

(1) Source Term Analysis Methodology

The NUREG-1150 undertaking resulted in the need to characterize thousands

'of source terms associated with the tens of plant damage states, hundreds of
containment end states, and the variations in the source term phenomenological
issues which are included in the propagation of uncertainties. Parametric source

3 20
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term models were collectively referred to as the XSOR Codes. One such code was
utilized for each plant, e.g., SURSDR for Surry, SESOR for Sequoyah, etc.

.

In addressing the source term methodology employed, NUREG-1150 (page 2-17)

states, in part:

"Because of the complexity and cost of radioactive
material transport calculations performed witle detailed
codes, the number of accidents that could be

investigated with these codes was rather limited.
Further, no one detailed code available for the analyses

,

contained models of all physical praesses considered
important to the rid analyses. Therefore; source terms
for the variety of accidents of interest were calculated
using simplified algorithms. The source terms were
described as the product of release fractions and
transmission factors at successive stages in the
accident progression for a variety of rel. ease pathways,
a variety of accident progressions, and nine classes of
radionuclides. The release fraction at each stage of
the accident and for each pathway is determined using
various information, such as predictions of detailed
mechanistic codes, experimental data, etc.

Release terms are divided into two time periods, an
early release and a delayed release. The timing of
release is particularly imp rtant for the prediction of
early health effects."

The XSOR models are essentially mass balance equations, which employ
factors used to describe the fraction of the mass of a given fission product
group located in the reactor core, the reactor coolant system, the containment,
etc., in the analysis ')f a specific accident scenario. in the NUREG-1150

process, numerical values of these factors are obtained both from the expert
opinion polling process and from the NUREG-1150 contractor staffs. Because it
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is a substantial simplification of complex processes and phenomena, the XSOR; !
approach allows the calculation of large numbers of source terms quickly;
however, these parametric models do not reflect the details present in state-of-.

the art source term analyses. Thus, this parametric approach to quantifying
source. terms raises some fundamental questions.

|

|

(2) Source Term Analysis Results ]
a

Source term analysis results are presented in several ways in NUREG-ll50. '

Some of the more significant results are reproduced here,
,

*

Figure 3.5, which is a reproduction of Figure 10.1 in NUREG ll50, includes i

curves depicting the mean frequency of exceeding specified release fractions of
,

the core: inventory of iodine, cesium, strontium and lanthanum for each of the
five plants studied. These data are for internal initiated events only.

Figure 3.6 presents a comparison of the iodine, strontium and lanthanum
release fractions for ECF or containment bypass. Source terms for accident
sequences involving early containment failure or b' pass dominate the offsite
risks. The central tendencies of these source terms can be summarized as
follows: median values of release fractions of iodine for the five plants '

studied are a few percent to slightly more than ten percent of the available core
inventory. The mean values for iodine, in general, are approximately twice the
medians, indicating that the central tendencies are not greatly affected by the
extremes of the distributions. By contrast, the mean release fractions for
strontium and lanthanum, in general, are larger than the medians by an order of
magnitude or more, indicating that a few cases with relatively large release
fractions, compared to the medians, greatly affect the mean values. It should

.be noted, however, that the data in Figure 3.6 pertain to the range of release
fractions, not their frequency of occurrence per reactor year. '

(3) Discussion of Source Term Analysis q

L The source terms reported in NUREG-1150 and the resultant offsite
consequence analyses should be considered as approximations, due to the reliance

:

_ 3-22

i

'

.

L -
.



.i.. .

.
. .

; .
.

-
.,.

/rt [ ,|
'

-

,

-
.

.

|3 ! // ,,' : ;.! :
...

Il ]] l /h/h/ Il }}
' ''

, t

! ! 1: 1It ! !1:llt / '*
/ : ..yv :: ;. . </ . , .

l | f
*, . ga.

j [ .1

b ( | -1 | | /w.s.p .
.

a. . i ,2a '

1 -1- -

y : e a : : ci
...

| I T s :- , . .7 e6 o
.t [2,a .c; o, l

y1!.a e a-

i. .aa :=,
u.k . + v k 6 i! i

: * ;, / ma .4 ,
.3 :., g, :

. *-

. ..

|.
B| 1 tt ;., ,, ,

!
,

t :oi., i .

i X p i3
< o

|, p
'

|, -- ,,,

I .... _.... . . _.... _.... _....'l 2-.._...._.1j_...._...._....'I.. , , . , , ,. , . ,

1 1 ! ;' ,, . .
I ! ! ! ! 1 ! I ! ! x-

.

JE
'

-
. .... .. .. . . .

;:

I d

!
'

1 1 1 1 1
/ / ,f; / * .|

'

_ , . - 'g':;';,. .

ijg
_

x,. 3
f. I1111 ,e 4,.i . i i + ..*/, ,- ,i. : , , ,

: |,IIt
! ,f o.:* -

'/ :.
.

: ;4 . ..

//
-s . .*

y gSe <> .i g
: .- 4 jag i <>

,
o . s < : .go .

.

- '

.

1 -
: T s

-

t -

} ;; - o gaoj i-
d E D *"! 3 .gi

'" i== .

& /< a '* . .a.

: k $ f 3^
. , ,

y / i a i, 4m / A m ..

-
., ,

R u. q
0 {s 1w /. 5

o . ,. , ,
3 o : p !

o .

I '/ f g 5 i ' .
."

g L : ag !.
.

.
" "

4 - . . . L , _. ' g [
.

. . _ . . . . _ . . . . . . . .

9t s , , , , ,! u . . . . . . . . . ..u , . . . . . . . . , _ . . , .

I !- 3. ! 4 4- t 9 4 9 4 ; 9 95 -

- - -
a ! ! : : : -

. _ - .



- - _ . - . _ . . . .

,

f : '., . ' i
. . >

, , ias ess ,c e.u.,
.Is. ..
t

.
. in -

"

)
,.

, ' . 2, A _. .
.

,s

a. +
-

a .
.

.

int m *
..

, ,

-
I-

. .

t.
i

tua, -
.

-

r

-
-

-

* = = = . u isees - ,-n. '
-

a !*

. .

t-

i-

iMm
g.g,g. i

D. . .". - I-

.
.. ;

i ss4 - :. m

er.uw.a.m e e, t.sy operense paen e em.e
e n.e es

in e
,

. .

,

M am amme| >ge, gg
a m

.i ss- , *

i
: a . -
,

--
-

..
;

toe] .. --

.

;: .

.

.
, '

..
..

'* 1. -
..

-

..
..

.

t.e84 5
tagens:

>

..

.
* mi . R. .

ime - ,-m
ts w.a n,e epen.m

eu a.nas

in e i
-

. . i e==:
- i.

. -

i W'i 9,
..

*
*

-m
. m., a.

e.
. .i me ,

-
_ _. 2

,
.

-

-

,, ..

. .. .

.
.$ne ,,

-
.

. i

i m4 ,

.. 9.

_
'

..

'
* ", . . _ a

til en.w wm awana.no w. wen e er se a swry
a enne i = ewen== w i, inn,. .
i e .- ~ . , a an . ama e.n. == -. w

m e a.i.= e n w , e. - .'' %.. ,,,. a e e. ,

.**'

3-N -,,

.v = .Figure 3.6 Iodine, strescium and , Lanthanum RalDCCOR _OGRlm9nA- ------~
-

i.

m ._ .-



.g. . . ~ . .

.

*
.

.
-

,,

on the simplified mass balance XSOR models used to produce large numbers of

source terms. Meteover, the source terms 'or the risk dominant containment
bypass sequences, for the PWRs studied, may be substantially overstated because.

the input to the XSOR models of these sequences did not reflect plant features
and system modeling which have the effect of reducing releases to the
environment.

For example, for the largest risk contributors for PWRs, the steam
generator tube rupture (SGRT) sequences, which account for more than 90% of the
median frequency of the bypass sequences for Surry, it was assumed that there
would be no fission product retention in the secondary system, (i.e., the steam
generators, steam lines, relief lines and safety relief valves (SRVs)) for the*

75% of the cases in which it was assumed that the safety relief valves stuck-
open. This was assumed despite the availability of auxiliary feedwater until the
condensate storage system is exhausted for the very small (S ) break size

3

analyzed.

For the SGTR sequences with the largest source terms it was assumed that
operators would fail to follow procedures and depres'surize the reactor coolant
system in a timely fashion. No emergency core coolant injection was assumed,
despite the fact that releases to the environment did not occur for more than 10
hours in most cases. The operators are trained specifically to respond to SGTR
accidents, and recent analyses indicate that much more than ten hours would
elapse prior to releases for the conditions analyzed in NUREG-1150. Thus the

modeling of both the systems and the fission product transport appear to be quite
conservative.

The following general perspective on severe accident source terms from
NUREG 1150 is found on page 10 1.

.

"The variation in source term estimates associated with
phenomenological uncertainties can vary by many orders
of maanitude. Thus, the range of uncertainty in source

terms tends to mask the variation that occurs becauso of
actual differences in accident progression oehavior

3-25
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among the plants or among different accident progression
event tree pathways within a plant."

.

The Cominittee's perspective is quite different than that quoted above in
that we observe that the range of uncertainty in source terms reported does not

:

tend to mask the variation that occurs in the other portions of the analysis in I

NUREG-1150. For example Figure 3.7 shows the progression of the uncertainty
ranges for early releases for Surry and Zion, including:

1
!

Systems Issues Only (i.e., Core Damage Frequency)-

Systems and Containment Issues-
,.

,

Systems,' Containment, and Source Term Issues '-

Although essentially the entire core damage frequency distribution for Zion
falls above the comparable distribution for Surry, as indicated by the two bar
graphs to the left in Figure 3.7, when the systems and containment issues are !

combined, as indicated by the bar graphs in the middle of this figure, the )
corresponding Zion and Surry distributions are quite, comparable. Moreover, the !
range of uncertainty from the median to 95th percentile is not appreciably |

different from that for the systems only issues, i.e., no additional uncertainty |
is added to the upper half of the distribution. When the source term
uncertainties are included, as is the case in the two bar graphs to the right in
Figure 3.7, the range of uncertainty is virtually the same as for the two '

previous sets of bar graphs. In other words, the range of Fig. 3-7 ;

uncertainty in-source term does not mask the variation that occurs because of :

actual differences in accident progression behavior, at least for the wor 6 *

important upper half of the distribution for large releases, e.g.,10 percent or
more of the iodine core inventory.

4

Section 10 of NUREG IISO includes a list of general perspectives related
to source terms. In general, the Committee's perspectives related to source '

terms differ substantially from those stated in Section 10. Our comments in this ;

regard are included above in Section 2, findings and Recommendations, and in
' Section 4, Comparison with Reactor Safety Study (WASH 1400).

|
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e. Offsite Consecuences and Public Risk Estimates

The term 'offsite consequences' deals with the impact of radioactive.

re. leases to the environment and the population. The impact is manifested as
early and delayed health effects to people, loss of access to land (because of
contamination), and corresponding economic losses. A particular set of offsite
consequences is the result of a corresponding set of source term values.

(1) Methodology for Offsite Consequences and Public Risk

.In the analysis of offsite consequences the inventory of radioactive
' materials before the postulated accident, was determined using the SANDIA-ORIGEN

code. The input to the code consisted of information related to the power
history and the refueling cycles of each plant. For the source term, the

radioisotopes were placed into nine groups according to similar chemical
behavior: noble gases, I, Cs, Te, Sr, Ru, Ce, Ba, and La. The magnitude of the
release for each isotope was determined by multiplying the release fractions,
included in the source term clusters, and the core inventory for each

a radionuclide group.

The radioactive materials released as a result of the postulated accidet
were transported in the air for a large number of weather conditions (about
2500), using the code MACCS version 1.5 (MELCOR Accident Consequence Code
System).

MACCS is the successor to CRAC-1 and CRAC 2. CRAC-1 (Calculation of
,

Reactor Accident Consequences) was the code used in WASH-1400; CRAC-2 and MAACS

were used in the initial NUREG 1150 draft. The input to MAACS, relative to
releases, came from the XSOR results. The calculation included a determination
of amounts of each group deposited on the ground for various distances downwind
from the plant, up to a total distance of 1000 miles.

In MACCS, the radiation dose at a specific distance from the plant, and for
a particular time period, is determined based on the assumption that a human is

3 28
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;standing at the particular distance and receives a radiation dose from the
contaminated air in which he/she is immerra), from material deposited on the !

ground, from the air that person breathes, from drinking contaminated water, and !
.

from eating contaminatad food. The transformation of particle flux into pose was
based on references A.61 (D. C. Kocher), A.62 (ICRP 26,1977), and A.63 (ICRP 30, !

1978). ]
!

Dose mitigation was included in the calculation by applying emergency ;

response actions. .. was assumed that 99.5 percent of the population within the
10 mile emergency planning zone (EPZ) was evacuated at a speed determined by the,

| plant's evacuation plan. The rest of the population was assumed to be relocated ;
'

* ithin 12 to 24 hours after the plume passage. Based on the dose received, earlyw

fatalities were calculated using the risk-effect relationship given in reference :

L A.65 (NUREG/CR 4214, SAND 85 7185,1985). Early fatalities are expected to occur {
within one year after the accident. The estimate of latant cancer deaths was .

;

|
based on data presented in reference A.66 (the BEIR-III report). Latent cancer

| fatalities are those expected to occur during the lifetime of the exposed
individuals. The NRC staff did not carry the evaluation of uncertainties into |

this segment of the study but did perform sensitiv'ity studies on evacuation f
model s. i

?

.

(2) Offsite Consequence and Public Risk Results
5

The detailed results of the consequence analyses appear in NUREG 1150, .

Fig'ures 3.8-3.18 (Surry), 4.8-4.18(Peach Bottom), 5.7-5.12 (Sequoyah), 6.7 6.12 |
(Grand Gulf), and 7.6-7.11 (Zion). Tables 11.1 and 11.2 present cumulative

;

I results. NUREG-1150 Figures 12.1, 12.6, 12.10, and 12.11, which represent
comparisons of cumulative risk, individual risk, tentative safety goal, and |
effects of emergency response options respectively are reproduced here as Figures

3.8 through 3.11.- The definition of large release is given in Figure ::.10.

| These figures clearly show that the risks resulting from the postulated accidents 4

are within the safety goals set by the NRC, and the results depend on the site

1 characteristics and, emergency response effectiveness of each plant.
|

l
s
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The results cannot be compared by simply reading Tables 11.1 and 11.2 or
the corresponding grapi. for the five plants studied. For deeper understanding
of the results, one needs to read carefully the accident scenarios and the site-
dependent assumptions and conditions.

(3) Discussion of Public Risk Analysis
.

The frequency distributions of the consequences are presented in terms of
complimentary cumulative distribution functions (CCDF). The CCDF gives the
probability that a certain value of the variable will be exceeded. For each case

, studied, 200 CC0F's were computed corresponding to different weather conditions.
Because plotting 200 CCDF's would be cumbersome and probably confusing, only four

statistical measures are plotted for the 5th percentile, the 95th percentile, the
median, and the meane

To make it clear how each curve was produced, consider the generation of
the mean curve for Latent Cancer Fatalities (LCF) in Fig. 3.12. For 100 LCF's,
there are 200 values of the frequency for which th,e 100 LCF's are exceeded.
Since all 200 values are equally likely, the 200 frequency values are summed and
divided by 200 to give the mean value for 100 LCF's. This process is repeated
for 1 LCF, for 10, 15, 105 etc. and the points for the mean curve are thus
obtained.

One should read these graphs as follows. Again look at Figure 3.12 and
consider the occurrence of 10 LCF's. The median frequency of exceeding 10 LCF's
is about 3.5x10-6 per reactor year. In 95% of the cases, the frequency that 10
LCF's will be exceeded is less than about 2x10-5 per reactor year. In 5% of the
cases the frequency that 10 LCF's will be exceeded is less than about 10-6 per
reactor year. I

"
It is also interesting to note from Figure 3.12 (Fig. 3.8 of NVREG 1150),

that above about 150 early fatalities, the mean value exceeds the 95% percentile.
This means that the mean beyond that point is. determined by less than 10
observations out of 200. ;
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The results depend strongly on the plant site through (a) local
meteorological conditions, (b) population density and distribution ground the
plant, (c) evacuation plans (as provided by the plant), and effectiveness of
emergency response. Comparison with the results of the Reactor Safety Study is
not strictly valid for the reasons explained in Section 4.

~

f. External Events Analysis

(1). Methodology for External Events

The revised draft o'' NUREG-ll50 includes an assessment of the risks due to
' external events for two nuclear power stations, Surry (3-loop PWR) and Peach

Bottom (BWR with M6 3 i containment). These are the plants that were used to
-typify the two major reactor designs in WASH 1400. Although a complete range of
external accident initiators was considered (e.g., tornadoes, flooding and
aircraft crashes), only two were found to contribute in a significant way to the

'

possibility of core damage, fires and earthquakes. A cutoff value for initiating
event frequency of 10-6 per reactor year was apparently used to screen out
unlikely contributors (page A 22). *

Core damage frequencies due to fire at Surry and Peach Bottom were '

calculated with the same level of detail as for internal initiators. Fire
probabilities _were determined for various plant zones. Once scarted, fires led
to equipment failures which were analyzed using the same event trees as for the

internal initiators. Such actions as the likelihood of successful intervention
of the fire brigade or fire suppressant systems were modeled. Human performance,

e

however, was assumed to be degraded in* fires.,

The frequency of core damage due to earthquakes was also calculated using~
event trees similar to those created for internal initiators. The first step in
an individual seismic analysis was to select a peak ground acceleration from a
seismic hazard curve for the site, and then to subject the plant to an assumed
time history-of motion anchored at this acceleration level. This , procedure
produced seismic motion values at individual component locations in the building.
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|. Seismic fragility data were used to compute the likelihood of resultant equipment -i
failures, leading hence into the accident event tree. Loss of offsite power was |

| an almost sure result of every significant seismic event.

(2) Summary of the External Event Results |
|

Core damage frequencies resulting from fires and seismic events for the two |
plants analyzed are presented in the revised NUREG 1150, and are summarized in j
Figure 3-13. (Figures 8.8 and 8.9 of NUREG-1150) along with frequencies for .

internal initiators. Fire and seismic initiators were also carried through the ;
accident progression phate of the analysis and yielded relatively high

" containment failure probabilities (Figures 3 4 3.5, 4.4, and 4.5 of NUREG-1150).. ,
'

Consequence results, such as early deaths and latent cancer death probabilities,
were calculated for fire initiators, but not for seismic events. The authors of )

NUREG Il50 concluded that the magnitude of and large uncertainties in the seismic

| hazards estimates, and the extent of other forms of societal damage + hat would .I

result from the very large seismic events which are required to damage nuclear |

plants, obscure the relevance of nuclear accident cons,equences (pages 1-3 and 4).
Seismic risk (i.e., consequence) calculations are presented as sensitivity
studies in the documents underlying NUREG-1150, references 1.20,1.21,1.27, and
1.28.

| (3) Perspectives from the External Event Analysis
| \
| 1

(a) , Fire Initiators l

l' .|

.

The relatively large core damage frequencies for fire initiators are a
result of plant data showing a high frequency of fire incidence and the fact that
there are locations where damage from a single fire could affect the performance
of a number of vital systems, notably switchgear rooms. The fire analysts appear

'to have made a strong effort to determine actual conditions for fire likelihood
at the two plants studied. Although plant experience (gathered from many plants,'

,

not just those being analyzed) was used to establish the fire initiation
''

frequency, judgmental factors were used to determine whether a fire, once
j started, would pe'.sist and cause damage in spite of fire mitigation systems and
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actions. It would seem that the same data base that was used for fire initiation !.

could, and should, have been used to give a more realistic value of fire ;

persistence. .;

i

h
(b) Seismic Hazard Curves ;

!

The probability of-seismic events of increasing, intensity (i.e., ground
"acceleration values) can be displayed as seismic hazards curves. Two different

sets of hazards curves, developed by an expert elicitation process, were used in i

NUREG-ll50, one generated under the auspit.cs of the Lawrence Livermore National (
Laboratory (LLNL) and one by the Electric Pouer Research Institute (EPRI). The !

* probabilities for strong ground motion depicted by the two curves are quite
different, as evidenced by the differences in the predicted seismic core damage j
frequencies of Figure 3.13. The probability of an event producing ground
accelerations at the Peach Bottom site exceeding about 0.6g given by the LLNL !

curve, at the 85th percentile (close to the mean), exceeds the EPRI prediction f
by more than a factor of 10. The LLNL curve is apparently dominated by the

,

judgement of one of the experts who developed it (page C-ll5). For both seismice <

hazards estimations approximately two thirds of the co're damage frequency results |
from ground motion in excess of 0.5g. At this level of ground acceleration the ;

uncertainty in the scismic hazards estimt. tion (taken as the difference between
the 15th and 85th percentile values), is on the order of a factor of 100.

:

L In addition to the uncertainty in the prediction of the frequency of strong

L ground motion, there is very little data on ' the time-history-of-motion or
| . spectral composition of strong eastern earthquakes. There is some evidence that
h -

| eastern earthquakes would be richer in higher frequency motion than the well-
documented typical western event. Western earthquake data provided the basis for
spectrum and time history assumptions used in the NUREG-1150 Enalysis.

|
:-

k :
,

|
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4. 30MPAR150N WITH REACTOR SAFETY STUDY (WASH 1400)

The U.S. NRC and its predecessor, the U.S. AEC, sponsored the pioneering
Reactor Safety Study, which was published in 1975 under the report number WASH-

1400. It established the new field of probabilistic risk assessment (PRA) for
nuclear power plants, and it has been widely used and referenced throughout the

'

world. NUREG-1150 presents a more recent analysis of the two plants studied in
WASH 1400, Surry and Peach Bottom, and includes three other plants as well,
Sequoyah, Zion, and Grand Gulf. A great deal of progress in PRA technology and
a number of changes in the plants systems have occurred in the intervening

, fifteen years since completion of WASH-1400. As noted earlier in our report, the
Committee believes that NUREG 1150 should supplant the now outdated WASH 1400

study.

In this section, we present the results of a brief comparison of some of
the major results of the two studies. This comparison utilizes the results of
WASH 1400 and NUREG-1150 as reported, assuming they are accurate, regardless of

reservations concerning some of the results expresse.d elsewhere in our report.
We include all five plants studied in NUREG-1150 in the discussion.

a. Core Damaae Freauency

.

Table 4.1 lists the central estimates and ranges of uncertainty in
calculated core damage frequency reported in NUREG-1150 and WASH-1400. The core

damage frequencies for the Surry and Peach Bottom plants as calculated in the two
studies are compared in Figure 8.14 and 8.15 of NUREG 1150, reproduced here in
Figure 4.1. The Surry data were mispistted in Figure 8.14, and a correction is
included in Figure 4.1. The median value for Surry in WASH-1400 was 6x10-Syr-1.

The comparable NUREG-1150 value is 2.3x10-5 per reactor year, i.e., a factor of

2.6 lower than WASH-1400. By contrast, the median value for Peach Bottom in
NUREG-1150 is a factor of 15 lower than WASH-1400, i.e.,1.9x10-6 2.9x10-5vs.

yr 1. Interestingly,'the range of uncertainty from the median to 95th percentile
is not greatly different in the two studies for either plant, i.e., a factor of
5.8 and 5.6, respectively, for the Surry analyses in WASH 1400 and NUREG-1150 and

a factor of 4.5 and 6.8, respectively, for the Peach Bottom analyses.

4-1
,

.__m___.m._._____._. ______.___ _ _ _ _ . _ _ _ . . - _ . _ _ -



. _ _ _
.

.. ;
. . . . . . . . . . . .

.
. ,

_

r

-

,-
- -

-

,- 3
.

'- i,.

.

.

*

..

. .

.

TABLE 4.1
,

COMPARISON OF CORE DAMAGE FREQUENCIES (PER RY)IN NUREG-1150 AND WASH-1400
(INTERNAt. INITIATED EVENTS)

.

.
.

PWRs SWRs

Reactor Reactor
Safety Peach Grand Safety .

Sorry Scopovah h Study Bottom Gulf Study
- >

' 95th h.3e-04 1.8e-04 S.4e-04 3.6e-04 1.3e-05 1.2e-05 1.3e-04

.

Mean 4.le-05 5.7e-05 3.4e-04 4.5e-06 4.0e-Cu* *

.

Median 2.3e-05 3.7e-05 2.4e-04 6.0e-05 1.9e-06 1.2e-06 2.9e-05
.

.

I

Sth 8.8e-06 1.2e-05 1.1e-04 1.4e-05 3.5e-07 1.7e-07 6.Go-46

.

* As the frequency dstributions in the Reactor Safety Study were essentia8y log normal,
1he mean frequencies were approximately three times the meden values.

|
(te. N. Rasmussen personal communication).*
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- Fgure 4.1 Comparison of NUREG 1150 and WASH 1400 Core Damage Frequencies
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Section 8.3 of NUREG 1150 cites two important reasons for differences in
core damage frequencies. (1) both plants have implemented hardware modifications
and procedural improvements, which reduced core damage frequencies, and (2) the
state of-the art in applying probabilistic risk assessments has advanced
significantly in the intervening 15 years between the two studies. In some

cases, the new methods have reduced or eliminated previous analytical
,

conservatisms. However, new types of failures also have been recognized as a
result of improved investigative techniques.

"
In the case of Surry, plant modifications since the Reactor Safety Study

allowing cross-connection of the high pressure safety injection systems,
' auxiliary feedwater systems, and the refueling water storage tanks for the two
units have substantially reduced core damage frequency due to loss of coolant
accidents, despite a tenfold increase in estimates of small LOCA initiating event
frequency. Thus, although new PRA information and techniques resulted in
increases in calculated core damage frequency, plant modifications offset these
effects, resulting in an overall decrease for Surry.

.

In the case of Peach Bottom, 96% of the media'n core damage frequency in
WASH-1400 was due to ATWS sequences and transients with failure of long term
decay heat removal. Core damage resulting from failure of long-term decay heat
removal in the present study is substantially reduced by the inclusion of the
possibility of containment venting (via the wetwell airspace), and realistically
allowing for some core cooling after postulated containment failure. Core damage
frequencies' due to ATWS sequences have been reduced because the plant has
implemented ATWS fixes, and modern neutronic and thermal hydraulic analyses of
the ATWS sequences predict lower core power levels during the events, allowing
greater opportunity for mitigation. In the NUREG 1150 analysis, the frequency

C of core damage due to station blackout sequences is now slightly larger than that
estimated for the ATWS sequences. Thus, for Peach Bottom, advances in PRA
methodology and plant modifications have both contributed to a reduction in the
estimated core damage frequency, and station blackout has emerged as the largest
contributor to core damage.
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Note. The above explanation of changes in the core damage
.. Iuency for Peach bottom is based on the discussica in NUREG 1150.'

As noteo ..11ec ;i, ,ection 3b(3) of our report, the Committee has
some reservations about the calculated core damage frequency for
ATWS events because generic rather than plant-specific data were

'

used in the NUREG-1150 analysis of these events for Peach Bottom and
'

Grand Gulf.

b. Accident Procression :ind Containment Performance

One major difference between WASH 1400 and NUREG-1150 is the fact that

'the Surry containment is shown to be considerably stronger than assumed in the
earlier study, as evidenced by the comparisons of cumulative containment failure
probability shown in the upper portion of Figure 4.2. (This figure is a

reproduction of Figures 9.6, 9.7, and 9.9 from NUREG-1150). The curves in the
upper-portion of this figure indicate that the median cumulative containment
failure pressure hcs shifted from approximately 80 to 130 psig..

The failure pressure curves for Peach Bottoin in the center portion of
Figure' 4.2, indicate no substantive difference between the two studies with
regard to.the BWR Mark I containment response to static pressure. As shown in
the lower -portion of Figure 4.2, the Sequoyah and Grand Gulf cumulative
containment failure probabilities increase much more rapidly with increasing
pressure than for Surry, Zion and Peach Bottom, owing to the much. lower design
pressures for these two plants. Whether there is containment failure due to

-overpressure is a function of the loads imposed and the containment response.
Much more is now known concerning all aspects of severe accident progression,
including pressure loads and response, than was available at the time of the
Reactor Safety Study.

In NUREG 1150, p. 9-10, the following observation is made.

'At the time the Reactor Safety Study (RSS) analyses were
undertaken there had been no relevant experimentation and
analysis of-either loads produced in a severe accident or

45
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the response'of a containment to loads exceeding the
1m design basis. As a result, the ch6racterization of

containment performance in the RSS is quite' simplistic -|.

[ in comparison with the present study."

Some 'of the dramatic changes in containment performance since WASH 1400 |

- are illustrated' in' the tabulations of containment failure probability,

L conditional < on core ' damage occurring, listed in Finding #5 in Section 2 of our
report. In WASH 1400, all severe core damage strances were assumed to lead to !

_3

b failure or bypass of the containment. By contrast, the containment remains ~|
'

intact for most of the PWR severe core damage accidents in NUREG-1150 (e.g., 81%

for hrey) and for a substantial fraction in the case of the BWRs (e.g., 26% no t

(> coniain.ent failure and 13% containment venting via the wetwell airspace with
substantial radiontditt retention in the su;pression pool for Peach Bottom)- l.

;

A summary comparison of some of the principal results of the Level 1 and- :

'' Level '2' analyser from WASH-1400 and NUREG-1150 are presented ' in Figures A.1' >

,
,

through. A.7 of Appendix A, including apportionment of the total estimated core

i da:oge frequency by.
.

'

,4L Initiating Events.

,P1 ant' Damage States-

-Accident. Progression Bins, and r-
g ,

. Approximate Source Terms Magnitudes--

(using iodine as an example)

!o .

For the .ake of completeness, summaries are included in Appendix A for. !

h Sequ'oyah, Zion and Grand Gulf, as well as the two plants. studied in. WASH-1400,- ;
| :

[ The numerical values in Figures A.1 and A.2 are based on median core '

L| damage frequencies reported in WASH-1400, whereas the data in Figures A.3 through a

L - A'7 are based on mean values from NUREG-1150. It was not possible to construct-. ,

entirely comparable diagrams because only median data were reported in WASH-1400.
<

' Although median and mean-data were reported in NUREG-1150 for many results, only !

- |'4-7
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mean conditional probabilities of containment failure were reported. An estimate
of.the mean values for WASH-1400 can be arrived at by multiplying the median data ,1

y

by approximately a_ factor of three, owing to- the log-normal nature of theE-

probability distributions-in the Reactor Safety Study,
a

Some observations related to the two analyses of Surry and Peach Bottom, '

as' depicted in Figures A.1 through' A.4, follow, s
Ig.

A

Surry

In the Reactor Safety Study analysis for Surry, 72% of the core-

'

damage frequency was associated with LOCAs and bypass events, and
28% with transients. In NUREG-ll50 the reverse is observed, wherein

,

23% of the core damage frequency is associated with LOCAs and_77% j
'

with transients and station blackouts. This difference results from.
the changes in the plant (such as _ crossties of systems) and |

E advancements in' analysis ' techniques as noted in the' previous
discussion of core damage frequency.

*
,

1

Although containment bypass events account for only approximately i-

8% of the core damage frequency in both studies, these sequences j-

_

dominate offsite risk due to the large releases (i.e., source terms) 1
calculated for bypass sequences. In NUREG-ll50, 12% of the severe

accident progression-bins are associated with containment bypass, J
substantially more than the 0.7% associated with early containment I

Ifailure, resulting in bypass sequences dominating the risk analysis.
;

In the Reactor' Safety Study all core melt accidents were assumed to l
'

-

result in containment failure; '~24% of the severe core damage {
sequences resulted in early containment failure or bypass and 76%

,

resulted in basemat meltthrough. By contrast, in NUREG-1150 the

containment' remains intact for 81% of the Surry core damage
,

sequences, and early containment failure is calculated to occur for

accident sequences constituting only 0.7% of the core damage
frequency.

6- 4-8
.
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Peach Bottom

Essentially all core damage is associated with transients in both-

studies of Peach Bottom and only a few percent is associated with
LOCAs, Unlike Surry, there was no change in the relative

cortributions to core damage frequency due to transients and LOCAs

between the two studies.

Due to the substantial reductions in ATWS and long-term decay heat-

removal failure probabilities, station blackout sequences are now
more significant than in WASH-1400.

.

Although considered in both studies, containment bypass (i.e.,-

interfacing system LOCAs) is not an appreciable factor in either
study for Peach Bottom.

In the Reactor Safety Study of Peach Bottom 100% of core melt-

sequences were assumed to result in early containment failure. By
contrast, the NUREG-1150 analysis indicates that 26% of the core
damage sequences result in an intact containment, 4% in late
containment failure,13% in containment venting, and 57% in early
containment failure or bypass.

Thus accident progression and containment performance are seen to be
substantially different in the WASH-1400 and NUREG-1150 analyses for these two
plants.

The dominant contributors to risk, indicated in the diagrams of Appendix
A, are as follows.

WASH-14.0

Surry - Containment Bypass - Interfacing System LOCAS
- Early Containment Failure - Station Blackout

4-9
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Peach Bottom - Early Containment Failure - Transients
'(Station Blackout, ATWS and Loss of Long-

'

Ters Decay Heat Removal) !. e

e|
'

NUREG-ll50- j,

l
q

Surry; - Containment: Bypass:(Stem:n Generator !

Tube Rupture'and' Interfacing System LOCAs) *

3

Peach Bottom - Early Containment Failure - Transients
*(Station P'ackout and ATWS)
5-

Sequoyah - Containment Bypass'(Steam Generator Tube

Rupture and Interfacing System LOCAs) ;

Zion Early Cont. Failure - Small Break LOCA
- Containment Bypass (Steam Generator Tube

Rupture and Interfacing System LOCAs)

Grand Gulf - Early Containment Failure (Station Blackout).
.

- c. Severe-Accident Source Terms
1

In NUREG-1150 at p. '10-1 the following ob>ervation is made.
<

'It is widely believed that the approximate treatment
of deposition mechanisms in the Reactor. Safety Study
analysis led to a substantial overestimation of severe
accident consequences and risk. The current risk-

analyses provide .a casis for understanding the
differences that exist in source terms calculated using

'

the new methods relative to the older methods and of
their impact on estimated risk."

4-10
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O The substantial reductions' calculated in source terms 'between WA,cH-1400
!. Land NUREG-1150 analyses for Surry and Peach Bottom are illustrated in Figures 4.3

through 4.6 which depict the frequency of exceeding releases to the. atmosphere-
,

? for specific fractions of the core inventory of iodine, cesium, strontium and- :
lanthanum. The median, mean, 5th and 95th percentile data from the NUREG-1150 |
analysis are included. However, only median data are available from WASH-1400. L

'The shaded areas in these figures illustrate the reductions in median source !

terms between the two studies.

L t

Three specific observations from the Surry source term data are.

For' iodine and cesium (Figure 4.3) the median frequency of releases- -

of 10% or more of the core inventory in NUREG-1150 are more than an
;
'

.

order of magnitude lower than reported in WASH 1400 and the median
| frequency of releases of higher magnitude, similar to the- PWR-2'

release category (70% iodine), are off the low end of the scale of j
this figure (less than 10-8 per reactor year).

.

For strontium (Figure 4.4) the median frequency of release of 1% or-

more of the core -inventory of strontium in NUREG-1150 is three
orders of magnitude below the comparable WASH-1400 value. However,

. ,

mean'and 95th percentile probabilities of releases of greater than
3

6%Lof the core inventory of strontium (the largest' PWR ' release ''

Jreported in WASH-1400) are observed in NUREG-1150,.but at very low-
frequencies. -

p

For lanthanum (Figure 4.4) there is more than a three. order of-<

magnitude reduction in the. median frequency of release of 0.04% of ~

the lanthanum core inventory as compared with WASH-1400. However,

mean and 95th percentile releases greater than 0.4% (the largest
lanthanum release reported in WASH-1400) are observed in NUREG-1150, _ ,

but at very low frequencies. .

;
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Three specific observations from the Peach Bottom source term data are,
r

For iodine and cesium (Figure 4.5) the median frequency of releases-.

of 10% or more of the core inventory in NUREG 1150'are approximately
two' orders of magnitude lower than. reported in WASH-1400, and the
median frequancy of higher magnitude, similar to the BWR-2 release

'category (90% iodine),s are off the low end' ofJ the scale of this
. figure (less than 10-8 per reactor year).

For strontium (Figure 4.6) the median' frequency of release of 1% or a
--

q more of the core inventory in NUREG-1150 is two orders of magnitude
below the comparable WASH-1400 value. However, the mean-and 95th i

* *

percentile probabilities of releases greater than 10% of the core'

inventory of . strontium (the largest BWR(release reported in WASH-
_,

1400) are observed in .NUREG-ll50, but at very low frequencies.

For lanthanum (Figure 4.6) -there is more than -a four order of;-

. magnitude reduction in the median frequency of release of 0.05% of:
the core-inventory (the largest BWR lant.hanum release reported in
WASH-'1400).-- However, mean and 95th percentile releases greater than

'

O.05%'are observed in NUREG-1150,'but at very low frequencies, q

These observations -illustrate the results - of some- of the major
advancements in source term technology since the Reactor Safety Study. ,However,. a

they also reflect decreases in core damage frequency and containment failure
rates.

;

Much more is now known about the release and transport of . volatileo

fission ' products such as iodine and cesium, including deposition in and. |

. subsequent revaporization from surfaces in the reactor coolant. system. i'

Similarly, new data on core concrete ' interactions has resulted in-differences:
q

such as those observed with respect to strontium and lanthanum in Figures 4.4
and 4.6-(mean release. fractions larger than the highest releases in WASH-1400)-

,

4-14
i

.



V.1.. , |
. . - . . _ . -. . .- ~ - . _ - -s-- . _ _ _ . - . . .

-

.- .

.. ; . g.-{ >
+ ;

e, .jn !
,

..*p
<!, +

,

1.0E 3 ,
> 1 _...

qi lodine '
.

* .
.

f .. .,,

.. ,o .

a wge\;
'

~

l

_..-...._..........*s,.Wi g ses
,

/// / y ,~

: a. ,__/ % / /
*N,,N4

( .1.0E4
'

1, _ _ , , , , , , , , , , , , , , , , _ , , , ,
.

, , , , , ,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , , , , , , , , , , , , , , , , * . . . . , , "
.

--

;
. , , . . . . . . . . . . . . . . . . . . . . .,,,, , , , , , , , ,. 4

..

| 'E 1.0E4 1 mamm # '''** .,i -
*

: ..
^~ '
. - ., ,

\- 'g
/~ .

p e ', '

- -

,, s -

1.0E 7 1 ~,
*.

: No.: armaseserusses. i. .

- -

as.se n msen ..
- -imm m wass im g

..

e NUMEGust--. ,
-

.
.

1.0E4 },_
,

i , , , , "'

1.0E4 1.0E-6 1.0E-4 1.0E 3 1.0E 2 1.'0E 1 1
|. =j
L

R. Fraction of Core Irwentory blessed To Erwironment -
,i

l a'li i

!
1.0E 3 I

f C oelu m 1
-

i
- ,

!I -

-

> 1.0E 4 E
~

1 wgm -

g - -

*
,

/. . .. . . _ .. ..
,s / ises

!
.

'

< i.0E4 ., / ,,,,, s.
- - -

,_, s...-. h. -. *. ~'

.- |........................................................,,,,,,
,,

..

..........-..............,,,,''
..,

.. .. ,,, .

og_1.0E4 5 ossain # '' . '
.,* '

<

. . .
..,

- s . ,

/ \s
., -

'sc s. .

1.0E 7 1 ', \.

: Nue: Shaamd see ruismee ,
,

.\-
e aarsnnmesse t*

.msnus nemeen wAss.im . . --.

.\ee uuneaum g
~* . .

1.06 8 ', / ., a n m ''

1.0E4 1.0E 5 1.0E.4 1.0E.3 1.0E 2 1.0E 1 1 :''

R. Fraction of Core inventory Released To Environment
t

Figure 4.5 Comparison of Peach Bottom lodine & Cesium Source Terms in

NUREG 1150 and WASH 1400 (Intemal Events)
-

4 15-
i

'l
i

' '

__ _ _ _ _ _ _ _ _ _ m _ ___ _ _ _ _ . _ _ _ . _ . . . .r, , .-
. , - . , ,



k .i-.

-
.

l

# .3 .. m .
. . . .:,
,. .

..:.~
'

. . .

... . . .

t 1. @ 3
!- :: Nest SP.mWeesH6mse SirOnt|um' - : ann, mm .

sammess amesenwAsH-tmo .

s.- erW NUME411M,

:f 1.0E 4
.

' . ~
. 1

'.
.

-. -
-

-

f - .. s ..4

* s , # g ano
w, -

E.1.0E5i
. piemog

-----/ Y...
,

gr ~

.".
:

_
~

A|

.-----......,,,u .#. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , , , , , , , , , , , " " . . . . , ,
.

[.

,;

s !
. 1.0E4 !

.

'

,''*

...,,''
;, . .

*

N,'

/ ''.,_- . ,, (~
u.am s

. s--

n ,,,
"

', ;'. -N$ 1.0E 7 -
*

,
.

-
's . ' . , ) i

-
,:

s'
\

.
.

s
.

~ \.-

k
*
*
,

' /-/ '\1'OE-8 - , .
.

, , ~. ' ' "
1.0E e 1.0E-6 - 1.0E 4 1.0E 3. 1.0E 2 1.0E 1 '1 'i

R. Fraction of Core Irwentory Released To Erwironment,

# ,

1

I
(

1.0E 3
!

f. Lanthanum
.

_

.

'

3 . 1.0E-4' 3
- 1

J

~

' W g ano - f
gl" ..g $4sdag

'' / -/ / ./.
-

- 8 ,1.0E-5 'l
ses / \k. / /

Neo sn,,a,ndenom.emess' -

g. uman n n::--
. Ag : '; - -.,,,"'"*g : ,essman nawomwAss.lano

grulMAIE411M
g; -

"."............,,,'" " ".......,-

,,

'8.1 1.0E4 -f ' " ' - - . *
,

;*
*

..
5 .. g.,: . , ,# * N . .Mem |

' ,.
*

, ,,
u ,g,n s,. . N

- '
, / . . . ,

* N
- 2.0e.7 , / -

. . . . .5 a ', . \: .

. .

.\s .

s
-

'

-}', / ' . ,
.

-

1.0E 8 - , , , . , ,
1.0E4 - 1.0E 5 1.0E 4 1.0E 3 - 1.0E 2 1.0E 1 1

-
,

R. Fraction of Core Inventory Released To Erwironment

Figure 4.6 Comparison of Peach Bottom Strontium & Lanthanum Source Terms in

NUREG 11 So and WASH 1400 (Intemal Events)
*

-

4-16

.;



- ~ - - - ~ ~ ~ ~ - -

g|. , -
-

, . ,

| '.'
,

'

( L
%'

d. Comoarison of Elements of Risk- Analysis process

t Sufficient data were available to the Committee, both in NUREG-1150 and.

as a r0sult of briefings by the staff of Sandia National- Laboratories, to allow
the deve.lopment of a summary comparison of progression of the results of the
analysis in the two studies as presented in Figure 4.7. Data'are presented for

accident sequences resulting in early releases for Surry for the following three
portions of the analysis.

Systems Issues Only (i.e., Core [4.aage Frequency)-

Systems and Containment Issues (limited to early failure or bypass)-

Systems, Containment and Source Term Issues (using 10% iodine-. -

release as an example)

The two vertical. bars to the left of Figure 4.7 compare the NUREG-1150
core damage frequencies with the core melt frequencies frcm WASH-1400, as
embodied in release categories PWR 1 through 7.- (WASH-1400 release categories

PWR 8 and-9 did not include severe core damage.)
.

The two vertical bars in the center of this figure compare early

containment failure or bypass data from Figure 9.3 of NUREG-1150 with the
comparable data for PWR 1 through 5 release categories from WASH-1400, i.e., core

damage sequences which progress to include early containment failure or bypass.

The two bars to the right of this figure compare the frequency of release
-of 10% or_ more of the iodine inventory. The NUREC-1150 data were obtained from
Sandia and the WASH-1400 data'are for release categories PWR 1 through 3.

Several observations from the data presented in Figure 4.7 follow.

The systems issues portion of the comparison shows a reduction of-

a factor of 2.6 in the median core damage frequency and a range of
uncertainty slightly smaller in NUREG-1150 than in WASH-1400.
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When systems and containment issues are combined, as:in the case for--

'the bars in the' center of. the figure, the' median- frequency for
NUREG-1150'is observed to be approximately an order of magnitude. |.

lower than WASH-1400 and the range of uncertainty is= substantially
;

smaller than'in the earlier study. |
;

With respect to the frequency of releases of 10% or more of the core-- ,

inventory of iodine, as indicated by the two bars at the' right of-

the figure, it is not surprising that the median in each of the two;
Sse to the median for early containment failure orstudies it 4

bypass (i.e., the center bars), since large releases were postulated
for such events in both studies. However, it is noteworthy that the - ;

*

'

| 95th percentile. frequency for release of 10% or more iodine ~
l inventory in NUREG-1150 is lower than the median value from WASH - q

1400. ;
L |

a
'

Offsite Conseauences )e, -

:1

L Direct compaiison of offsite consequences . f eported in WASH-1400' and!
NUREG-1150 is virtually impossible because there are many differences between-the - |
two studies. For example, the CRAC computer model was used in WASH-1400 and the ]

IMACCS model wr.s used in NUREG-1150; site-specific meteorological date -was used

in NUREG-1150 whereas composite averaging from many. sites was used in WASH 1400;

differentf assumptions relating to emergency evacuations were used in .the;two'-

studies;'and uhe numerical results were sometimes-treated differently in the two .
reports.; Nonetheless, it may be noted that_the offsite consequences 1in NUREG- )
1150,Jin' general, are substantially lower than those reported in WASH-1400,- j'

|

1
l

|

.|
|

I

l
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- 5. QUALITY OF THE REPORT-

4. General-

At' the outset of our discussion of quality it is important to distinguish
between the NUREG-1150 report itself (2 volumes), and the process which created
the results presented and discussed there. The process is described in detail-
in a multitude of backup documents which are referenced in-NUREG-1150, ~though

many of them have yet to be published. As a matter of practicelity .(the
magnitude of backup material) and timing (the present unavailability of much of
it) this discussion 'of quality focuses primarily..-on the NUREG-1150 document
itself. Comments relevant to the process speak to that process mainly ascit is'

revealed in the two main. documents.

In its overall configuration the revised version of NUREG-1150 is a much
improved-document over the original. Following a concise introductory chapter
in which the' objectives of the project and the report are stated, there is'a
chapter in which the methodology is presented, including explanatory examples of
how the results will be displayed. Thus the first fdw pages of the report give
the reader an understandable view of what is to come, and why. Volume 2 of the

main report contains three appendices that amplify the discussion of methodology
(Appendix A), present. a sample calculation (Appendix B), and provide a

-description of how a number of difficult decisional-. issues. involving uncertainty.
were evaluated (Appendix C). Thesei Appendices combined with the first two'

chapters of Volume 1 provide a clear explanation of the process.

The five chapters in which the results for each of the plants are
presented are also quite clear and readable. Because the same format is used in'
each of these chapters, with the same explanatory remarks,'they seem repetitious,
but this is inevitable- since each deals with a different plant, with. its own
characteristics and results. The initial draft of NUREG-1150 was better than the
present version in one respect: a schematic drawing of the. containment and
primary system of each plant was included in the section devoted to that plant,
a ready reference for those not totally familiar with the different designs.
(Such figures can only be found in the Appendices of the revised version).
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The third part 'of the main report, Chapters 8 through.13, which presents
~

,

" perspectives" on various aspects of the calculations and their use, is the least
*

~ effective and hard to follow.- Whereas certain of the naterial here is very.

worthwhile (e.g., comparisons with the RSS) much of the discussion seems forced.
There are observations for which there is no apparent basis in the results, some
important aspects of'the results receive little or no attention, and there are
conflicting statement . (Specific examples of these shortcomings are found in

Subsection e below).

b. Presentation of Results

A major criticism of the original NUREG-1150 was the manner in which the.

results at the different stages of the calculations were portrayed. In short,

the_ figures there gave the range of unceriednty (5% to 95%) of various results-
with no; indication of central tendencies (meas or medians) and no idea of'the
shape of the probability distributions. 1he current version does a much better
job of presenting calculational resvirm which may cover a wide span of

'

- uncertainty. Probability distributions, including medians and means, are shown -
for core damage frequency, containment failure probabi.11ty and individual isotope
release. -A particularly helpful form offhe results is the matrix-like figures

-

in which mean values of_ accident- progressun probabilities (i.e., containment
'

performance) are shown in conjunction with meen plant damage states (core damage

frequencies)-(see Figures 3.4, 4.4, et seq.). Pie charts are used effectively
to display _ qualitatively the contributions o' various initiating events and
accident progression scenarios.

.It is -- unfortunate that, apparently for- conservation of pages (an
objective not noticeable elsewhere in the report), some_ presentations of results
are so reduced in size as to be virtually unreadable (e.g... Figures 2.7,10.1,
9.1, and 9.2). Also some pie-charts have so little contrast between adjacent

_

, segments ,that the quantity -of certain' sequences and scenarios is not

' distinguishable-(e.g., Figures 9.4 and 9.5). Figure 8.4 is a bar chart but most
i of the bars are so short that it is impossible to distinguish the shadb

intended to identify different scenarios. And Figure 13.6 provides almost no
information.-
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c. Exoert Ooinion Elicitation

. . The original report was subjected to criticism by virtually alli who -

reviewed it for the way.in which expert opinion was elicited. Expert opinion was
used to determine probability distributions for parameters not resolvable by
calculation or experimental results (the so called " issues"). This procedure was ,

substantially upgraded for the revised analyses underlying the second version of.
,

the report. The new elicitation procedure is outlined in Section A.7 of Appendix
A. Briefly, experts (seven panels in different areas of expertise) were selected

^

from a wide range of institutions (national laboratories, schools, industry, and
the NRC), they underwent training in the opinion elicitation process, they were
provided with formal presentations on the issues including relevant calculations,

!they were given a substantial amount of time (1 to 4 months) to prepare their
D analyses (and encouraged to do their own calculations and seek the latest data),

!their opinions were 'obtained in private sessions using established, -formal
procedures (and were documented), and the aggregated results were then reviewed ,

by the individual panels.

One can alwa'ys argue that expert opinion is no substitute for calculated-
or experimental results. However, for the very complex issues in these analyses

l' - which - the expert panels quantified there is little chance that reliable
analytical ~ or experimental results will soon be at' hand. The upgraded ,

elicitation process used for NUREG-1150 provided more than " expert opinion".
Rather as carried out, it is better characterized as " informed judgment"

i elicitation. While there were instances in'which decided differences in the :

experts' judgment led to strongly bimodal distributions, (e.g., Figure C.7.4), .
- generally the judgmental results of the various individuals in a panel were well
bunched (e.g., Figures B.8, B.11 and B.12, C.5.7, C.10.4).

L
v

Appendix C. is an interesting discussion of a number of the important '

uncertain- issues, many- of which were quantified by expert elicitation. |An ,

enlightening feature of this appendix is .the presentation of diagnostic or
? sensitivity studies which illustrate the effect that selecting extreme values of:

| parameters would have on 'he resulting riiks (e.g., no common-cause failures,
.

Table C.2.5, and no hu aan errors, Table C.3.2). Such studies indicate that
'
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errors-in quantifying these issues would not 'have a dramatic effect on the-
.results.

!
..

i

d. The Use of the latest Data
,

The original report was criticizrJ for. not incorporating the latest -
experimental data or calculational techniques. In its present version--this e

particular problem would-seem to have largely been solved by the expert opinion !t.

-elicitation process. As noted, experts, seemingly well-versed in their fields, j
= were_ selected in specific " issue" areas, and given the opportunity to work for
some time to form their judgments. It is almost axiomatic that these

0 ' individuals, faced with -very difficult questions and the open and stylized
l elicitation process, would have availed themselves of all, including the latest,

information at hand (unfortunately one cannot have the same degree of confidence
that issues evaluated by the Project staff incorporated the most recent~ data).

D ' A review of the references cited for backup in Appendix C indicates, as well,
l

.that recently published information makes up the major portion-of the material
.used. Certainly no effort such as this, spanning several years, will- ever be

'

able to avail itself of every new calculational model, experiment, or plant a

system modification. For this reason the author's. characterization of their
,

work, in this second version of the report, as a snapshot at a particular point
in time, is wise and appropriate. [

e.- Specific Ouality Shortcominas ,

,

i

L Although our opinion of the revised NUREG-1150 is generally favorable,1
c .

E particularly when it is compared to the initial- version, there are still areas ' ]
-in which the report falls short of expectations. In as much as there may be '

'

changes in the document before it is published in final form, we are encouraged ,

to point out:some.of the shcrtcomings we have found.
,

|^ (1) The purpose of Appendix C was to- provide some insight to the
L resolution of key issues, in particular those addressed by expert panels. These !

discussions are sketchy, however, and the information and reasoning which led to
the expert judgements are generally not provided. Also there seems to have been
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no concerted effort to include in Appendix C a discussion of those issues which
were responsible for the major elements of risk for each plant (e.g., containment !

failure due to hydrogen combustion at Grand Gulf). Appendix J of the_ initial.

version of NUREG-ll50 was a- much more informative presentation _ of issue

-resolution. '

'(2) Appendix B is a valuable example of' an accident scenario carried
'through from initiation to consequence calculation. Unfortunately the example

,
'

chosen for portrayal does not include early containment failure, hence many of-
the more interesting issues which are important to risk are not included in the
presentation (such as _ containment failure related factors used in the SURSOR

g talculations). j

.(3) Direct containment heating (DCH) was identified in the initial
version of NUREG-ll50 as a major contribution to early containment failure and.

L risk. In the revised version of the document- this phenomenon goes- virtually -
L unmentioned, yet its' disappearance must reflect major changes in the_ potential

for primary system depressurization prior to vessel meltthrough and improved
understanding of containment loading due to high pressure melt ejection, subjects
which are worthy of fuller explanation. Chapter 9, which purports to provide
perspectives on containment performance, mentions the DCH only in passing, withg

no reference to its reduced importance.

L

(4) It is not clear how credit is taken for fission product retention
in_the: auxiliary building for'PWR containment bypass sequences and the reactor'
building for BWR containment . failures. These phenomena can. result in significant

~

source term reductions. -

(5) In ~a number of places in the perspectives, Chapters 8 through 13 of i
'

NUREG-1150, there are statements which appear to have no basis in the analysis,

or to be contradicted by other statements.<

At page 8-12 Grand Gulf is said to be better equipped than other-

plants, including Peach Bottom, to deal with losses of AC power :,

because it has a diesel-driven high pressure core spray. Yet a;
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comparison of core damage frequencies shows the like,11 hood for core.

9 damage due to blackout. for Grand Gulf to be twice- that for Peach ~
Bottom (compare Figures 6.3 and 4.4).

At page 912 a reduction in core damage frequency due to Anticipated'-

Transients Without Scram (ATWS) eventsLis said to beLdue'to ATWS-

'

modifications made at Grand Gulf and Peach Bottom. Yet the specific -
modifications made at these plants for' ATWS and their
vulnerabilities were'not modeled expiteitly in' the analyses (only
generic modifications were considered) so this conclusion is.hard
to justify.

.

i

At the top of page 9-12 it is stated that the Peach Bottom . .{
-

containment is shown to be less strong in NUREG-1150 than it was in j'
WASH-1400, referring to Figure 9.7. The figure. shows just the
oppasite. ;

j
.In Section 13.2.6 it is concluded that at 3 miles and beyond, for i-

an early release, evacuation always reduces radiation-doses beyond
what could be. achieved by sheltering people in a large building.
Figure 13.5, however, appears to show that such sheltering results i

in doses that are equivalent to, or less than those for all j
u

evacuation cases depicted. R

i

-(6) In a. number of places NUREG-ll50 makes. claims for itself'which do |
' notiappear to be substantiated. <

*
i

At page 13-1 the methodology is described as state-of-the-art' of . ;-

PRA. Yet with regard to the core damage, or front end analyses, at '!

pages A-10 and 11 the level of. detail in the systems analysis,- human-
reliability, and data base analyses are characterized as less than- !

state of-the-art, and are recognized as being less detailed than .j
those often used in today's PRA's.

.

'
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| At the top of page : 13 3, NUREG-1150 is cited .as a source 'of'-

phenomenological and operational data. In fact, most of such data i

can only be found in the back-up documents.-
'

'

At page 13-2 the methods of uncertainty analysis and expert |
-

solicitation are stated to be a"~ "e to other plant analyses.
'

Given the tremendous cost associated with the applicainm of these :

techniques it-is unlikely that an individual utility would, or q
could, be expected to utilize them,

i

(7) In a number of instances the report suffers from poor, or -

, inconsistent writing. ;

Section 8.4.1 and the first part of Section 8.4.2 are a discussion--
,

'

and interpretation of the core damage frequency distributions.. This
material is simplistic, directed at a level of reader understanding [
well below the rest of the report (e.g., the terms median, majority
and dominant are explained or defined here).

The term " acute red bone marrow" dose is introduced for the first j-

time in Section 13.2.6 without explanation or distinguishing it from
the simple rem doses discussed in earlier chapters.: In Section
13.2.1 acronyms like BWR and LOCA are redefined.

Section 13.2.5.is entitled " Alternative Safety Goal Implementation-
<

Strategies". Only in the last few lines of a page-long discussion
.does the subject of alternative safety goals'even arise, and then
just'one such goal is mentioned.,

<

The material in Section 13.3, " Major-Factors Contributing'to Risk"-

has no apparent bearing on the section title. There are numerous
T- redundancies-(three times." broad categories of risk" is defined).

,

This section has little or no relevance to NUREG-ll50, particularly,.

a portion entitled " Reactor Research", a simplistic, generalized,
,

discussion of research prioritization.
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In this section we discuss the adequacy of NUREG ll50 with respect to its- ,

intended uses, which, as stated in the report are: 3

1

To develop guidance for the conduct and review of the- search for. |
-

vulnerabilities in the individual. plant examination (IPE) program.
Tot assist in the consideration of the need for improvements to--

containment performance under severe accident conditions.
.To add.to the compendium of PRA information and data base to assist d-

in 'the identification of plant operational features or practices
that have an. adverse impact on plant safety.

'

To assist in the evaluation of alternative safety ' goal
_

-

implementation strategies. .

-To assist in the evaluation of various accident management options.-

To provide additional information for use in the evaluation of |-

research priorities and the prioritization and resolution of generic
issues. ,|

J
~

In addition to the primary uses listed above the NRC notes that:
,

NUREG'1150 is a snapshot in time of severe accident risks in the . j-

'

~ five plants studied. It provides a snapshot of the state of the art
of ~probabilistic risk analysis:(PRA) technology, incorporating many
improvements since the Reactor Safety Study, but retains o the :?

limitations of such studies regarding certain. human interactions,
Uequipment' failure rates and common cause effects, ageing and-

incomplete understanding of physical processes.

NUREG-1150 is not the sole basis for making either plant specific - i.

or generic regulatory decisions, nor is it an estimate of the risks
of all commercial power plants in the United States or abroad.

1

In discussing the intended and possible uses of the report, the NRC has
properly recognized the station-specific nature of the quantitative results and I
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of the principal | contributors to core damage frequency and risk. On the other-
hand, ;we = concur 1 with its view that. there is ~ a . high degree- of generic
applicability.of the advances in methods resulting from the NUREG-1150 program.i

>

In as much as the report points out that in any of its intended.
applications NUREG-1150 will be used only as one of a number of inforc-+1on
so. ces, itz is difficult to criticize'such uses. Hence, we will concentrate in
offering: cautions or encouragements with respect to the intended uses.

"To Develop Guidancefor the Conduct and Review of the Searci, %r Vulnerabilities in the'

!

Individual Plant Examination (IPE) Program "

We agree that it is appropriate that individual plants could be reviewed with
respect -to;the plant and plant-class vulnerabilities that were identified in-

: NUREG-1150. We caution, however, that just because a particular vulnerability =
was not found to. be important on one of the five plants reviewed, it
automatically. does-not need to be considered in future plant-specific studies.

.

New. insights and 'information will become available,in the future, and plant-
-specific features not reviewed in NUREG-1150 can affect results.

It is suggestsd that the NUREG-1150 operational data base has applicability in'

other IPEs.- While this data bhse can be used in. IPEs, it is well known that ' :
~

plant-specific operating and~ maintenance pr'actices can influence accident
likelihood. .Therefore, it is desirable to 'use plant-specific-. data when -!"
available.- -

|.

Some of the approaches used (e.g., expert opinion elicitation) are likely to be 1

too expensive to have widespread application. When, in such cases, information |

H is extracted from NUREG-1150 for use in an IPE, it should' be reviewed and I
'

justified for use in the context of the specific plant.
7

/ 1.
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"To Assist in the Considention of th's NeedforImprovements to Containment Perfonnance

Under Severe Accident Conditions"+ <

There is extensive information on containment-related matters in NUREG-1150 that
can be used to assist the determination of containment adequacy for other plants.

- The. analysis of severe accident loads a'nd containment response involves
- substantial uncertainty because of th'e complexity of the core meltdown processes.
-There.have been substantial advances in methods of analysis, and models ar_e
available to describe nearly all aspects of' containment loads. Nevertheless,

because of modeling uncertainties, sensitivity studies'and expert judgment are
still a necessary input to assessment of containment performance.

.

Because the final determination of containment adequacy is plant specific, those -
responsible for performing these analyses must make the final judgment regarding
the applicability of information from NUREG-1150. NUREG-1150 and its supporting
documents provide a compendium of topics and expert opinions to assist them in
this matter.

"To Add to the Compendium of PRA Information and Data Base to Assist in the Ident(fication

of Plant Operational Features or Practices that have an Adverse Impact on Plant Sqfety"

As _long as the plant-specific nature of the models are recognized, we concur that
the'NUREG-1150 results can be.used in this way.

.

"To Assist in the Evalution of Alternative Sqfety GoalImplementation Strategies"

-
.

There is no basic reason why the NUREG-1150 results, as well as other risk
assessments, cannot be used for this purpose. In all cases the question will
remain as to 'the accuracy. Also the scope of the risk assessments (e.g.,
inclusion or- exclusion of ' external events) needs - to be consistent with the,

intended' applicability of the safety goal. The results quoted in the report show
< that the plants examined all comfortably meet the NRC safety goals on early

fatalities and latent cancer risks. A caution with respect to these NUREG-115u
quantitative results, however, is that the plants considered were all previously
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subjected to-various risk assessment / design improv ment programs, and the~ risk ie

results may not be representative of the entire population.of nuclear power
,

A' plants.- The NUREG-1150 presentation of results, in comparison with the NRC staff

} proposed large. release goal of less than 10-6 per reactor year, is not thorough
.

and would not' be expected to be particularly useful in the evaluation of-
f

% implementation strategies.
,

.

"To Assist in the Evaluation of Various Accident Management Options"
.

'

.The NRC intends to have accident management programs developed and implementedv

by licensees. NRC evaluation of these programs will provide an.. independent,,

'
. assessment of the licensee-proposed accident management capabilities and.,

L strategies using NUREG-1150 as a resource document ir the evaluation of
particular strategies. The report shows examples of :.iefits- which can be
achieved by considering alternate strategies at the plants considered. The NRC
correctly,. in our view, points out that the integrated nature of the methods'is
particularly-important since actions taken early in a sequence can alter the-
downstream. consequences significantly.

.

.

"To Provide AdditionalInfonnationfor Use in the Evaluation of Research Pnorities and the

Prioritization and Resolution of Generic issues"

-We believe that NUREG-1150 can be used for assigning priorities. Risk assessment
*results, especially the results of many risk assessments taken together,:can and

should'be used to assist the decision making process regarding generic research
.and issues resolution, as long as the final results are tempered with an
engineer |ng evaluation of the reasonableness of the assignment.

.
.

Taken together with the results of the IPEs, which are primarily directed at the
front end level 1 analyses, NUREG-1150 information and data in the level 2' i

analyses should help guide evaluation of accident management from a . risk 4

reduction perspective. However, such uses of NUREG-1150 would seem to be limited

due to the parametric nature of the study.

.
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The NRC appears to believe that the information developed in NUREG-ll50 will not j
substantially: change-previously developed priority rankings. This is somewhat j

~!at odds with the.information'and insights presented in the areas of accident-
progression and source terms which show that several of the ' issues, earlier
thought to have resulted in: high risk, have been reduced in importance or- q

eliminated entirely' for some plants (e.g., Direct Containment Heating)'. The.

information presented in NUREG-1150 must be carefully examined in the context of j
the. plant being studied to determine the priority ranking of safety issues, and-

I we caution against broad generalities.
!

The report also discusses the effect of emergency preparedness on consequence = |

, estimates. It demonstrates how some of the factors important to emergency
planning issues affect the dose received by members of the public. The results
of various mitigating actions combined with the improved understanding of source j

term issues , reported in the report, show that serious reconsideration of the j

basis for emergency planning zones is warranted. While there is no fundamental I

reason why NUREG-1150 results can not be used to do this, we~' caution that
assuoptions (e.g.,' percentage- of people who do not evacuate) can dominate the

'

results of such investigations, and, therefore, must ,be justified in the context,

of the plant being studied.
,

-I
In summary, we believe that the NUREG-1150 results are generally adequate

for their intended uses. 'This conclusion is primari.ly based on the fact that the
intended uses are limited and general in nature,. and that the NRC has recognized
the - station-specific applicability of . the results. Progress in methods
development should assist in future risk assessment efforts. The NUREG-1150.

report will certainly prove to be of use .to both the NRC staff and- those
.

responsible for PRA preparation 1% that it provides, in one place, a compendium
of issues important to overa'il piant risk.
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