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g j NUCLEAR REGULATORY COMMISSION
E WASHINGTON, D.C. 206NM1001* o

s*****/ May 17, 1996
4

Mr. Roger 0. Anderson, Director
Licensing and Management Issues
Northern States Power Company
414 Nicollet Mall
Minneapolis, Minnesota 55401

SUBJECT: DRAFT 1982-83 PRECURSOR REPORT

Dear Mr. Anderson:

Enclosed for your information are excerpts from the draft Accident Sequence
Precursor (ASP) Report for 1982-83. This report documents the ASP Program
analyses of operational events which occurred during the period of 1982-83.
We are providing the appropriate section of this draft report to each licensee |
with a plant which had an event in 1982 or 1983 that has been identified as a
precursor. One of these precursors occurred at Prairie Island Unit 1. Also
enclosed for your information are copies of Section 2.0 and Appendix A from
the 1982-83 ASP Report. Section 2.0 discusses the ASP Program event selection
criteria and the precursor quantification process; Appendix A describes the
models used in the analyses. We emphasize that you are under no licensing
obligation to review and comment on the enclosures.

i

The analyses documented in the draft ASP Report for 1982-83 were performed
primarily for historical purposes to obtain the 2 years of previously missing
precursor data for the NRC's ASP Program. We realize that any review of the
precursor analyses of the 1982-83 events by affected licensees would
necessarily be limited in scope due to: (1) the extent of the licensee's
corporate memory about specific details of an event which occurred 13-14 years
ago, (2) the desire to avoid competition for internal licensee staff resources
with other, higher priority work, and (3) extensive changes in plant design,
procedures, or operating practices implemented since the time period 1982-83,
which may have resulted in significant reductions in the probability of (or,
in some cases, even precluded) the occurrence of events such as those
documented in this report.

The draft report contains detailed documentation for all precursors witg
conditional core damage probabilities greater than or equal to 1.0 x 10' .
However, the relatively large number of precursors identified for the period
1982-83 necessitated that only summaries be provided for precursors w
conditional core damage probabilities between 1.0 x 10'' and 1.0 x 10'jth

.

We will begin revising the report about May 31, 1996, to put it in final form
for publication. We will respond to any comments on the precursor analyses
which we receive from licensees. The responses will be placed in a separate
section of the final report. Northern States Power Company is on distribution
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1

for the final report. Please contact me at 703-729-6767 if you have any,

questions regarding this letter. Any response to this letter on your part is
entirely voluntary and does not constitute a licensing requirement.

Sincerely,

j Original Signed By:
|,

Beth A. Wetzel, Project Manager
Project Directorate III-1
Division of Reactor Projects - III/IV,

; Office of Nuclear Reactor Regulation
'
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|
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for the final report. Please contact me at 703-729-6767 if you have any
questions regarding this letter. Any response to this letter on your part is
entirely voluntary and does not constitute a licensing requirement.

Sincerely,
>

b h. b

| Beth A. Wetzel, Project Manager
Project Directorate 111-1
Division of Reactor Projects - III/IV
Office of Nuclear Reactor Regulation
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Mr. Roger 0. Andersm, Director Prairie Island Nuclear Generating! -

Northern States Power Company Plant

cc: ;'

J. E. Silberg, Esquire Mr. Edward L. Watz1-

Shaw, Pittman, Potts and Trowbridge Vice President Nuclear Generation
2300 N Street, N. W. Northern States Power Company4

Washington DC 20037 414 Nicollet Mall
Minneapolis, Minnesota 55401-1927

,

Site General Manager
1 Prairie Island Nuclear Generating
'

Plant
Northern States Power Company
1717 Wakonade Drive East*

Welch, Minnesota 55089j

i Adonis A. Neblett 1

Assistant Attorney General i
4

Office of the Attorney General |
4 455 Minnesota Street j

Suite 900
I

.

St. Paul, Minnesota 55101-2127
,

U.S. Nuclear Regulatory Commission
Resident Inspector's Office ,

'

i

1719 Wakonade Drive East
! Welch, Minnesota 55089-9642

Regional Administrator, Region III
U.S. Nuclear Regulatory Commission
801 Warrenville Road
Lisle, Illinois 60532-4351

Mr. Jeff Cole, Auditor / Treasurer
Goodhue County Courthouse
Box 408
Red Wing, Minnesota 55066-0408

Kris Sanda, Commissioner
Department of Public Service
121 Seventh Place East
Suite 200
St. Paul, Minnesota 55101-2145

Site Licensing
Prairie Island Nuclear Generating

Plant
Northern States Power Company
1717 Wakonade Drive East
Welch, Minnesota 55089
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C.13 LER No. 282/82-015

Event Description: Two EDGs simultaneouly moperable for 1.5 hours |

Date of Event: August 27,1982 i

Plant: PrairieIsland I i

Summary i

On August 27,1982, during normal operation, Emergency Diesel Generator (EDG) D1 was out for senice
for preventative maintenance when an operability test on EDG D2 was done. A procedre step was missed
which resulted in the Auto / Manual switch for the D2 supply to Bus 16 being left in the Manual postion This

'
would have prevented EDG D2 from automatically closing onto Bus 16 in the event that offsite poner was
lost tcfthe bus. The operator error was discovered and corrected within one hour and twenty-five sainutes.
During this time, both EDGs would have been unavailable given the loss of offsite power. This event was
modeled as an unavailability of both trains of emergency power given a postulated LOOP. The nosHrecovery

,

factor for emergency power was modified to 0.55 to reflect the ability of the operators to recover EDG D2 i
locally (see Table X of section XXX of this report). The increase in core damage probability over the

i

duration of this event is 2.3 x 104. The donunant sequence involved a postulated LOOP with the failure of |

emergency power (station blackout) and failure to recover offsite power prior to battery depletion.
!

| \

|

|
|

|
i

i

I

:

i
:
1

J Summarized Precursors Enclosure 1
.

I



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

'
.

| .. . . .

.

.

;

i

;' .

2-1

! 2.0 Selection Criteria and Quantification

2.1 Accident Sequence Precursor Selection Criteria
~

The Accident Sequence Precursor (ASP) Program identifies and documents potentially important operational
events that have involved portions of core damage sequences and quantifies the core damage probability
associated with those sequences.

.

Identificaton of precursors requires the review of operational events for instances in which plant functions that
provide protection against core damage have been challenged or compromised. Based on previous experience
with reactor plant operational events,it is known that most operational events can be directly or indirectly
associated with four initiators: trip [which includes loss of main feedwater (LOFW) within its ,equences),
loss-of-offsite power (LOOP), small-bseak loss-of-coolant accident (LOCA), and steam generator tube ruptures
(SGTR)(PWRs only). These four initiators are primarily associated with loss of core cooling. ASP Program
staff members examine licensee event reports (LERs) and other event documentation to determine the impact
that operational events have on potennal core damage sequences.

2.1.1 Precursors

This section describes the steps used to identify events for quantification. Figure 2.1 illustrates this process.

A computerized search of the SCSS data base at the Nuclear Operations Analysis Center (NOAC) of the Oak
Ridge National Laboratory was conducted to identify ERs that met minimum selection criteria for precursors.
This computerized search identified LERs potentially involving failures in plant systems that provide
protective functions for the plant and shose potentially involving core damage-related initiating events. Based
on a review of the 1984-1987 precursor evaluations and all 1990 LERs, this computenzed search successfully
identifies almost all precursors and the resuking subset is approximately one-third to one-half of the total
LERs. It should be noted, however, that the computerized search scheme has not been tested on the LER
database for the years prior to 1984. Since the LER reporting requirements for 1982-83 were different than
for 1984 and later, the possibility exists that some 1982-83 ym,-s events were not included in the selected
subset. Events described in NUREG 4900'' and in issues of Nuclear Sqfery that potentially impacted core ,

damage sequences were also selected for review. !

^ 14 search of the SCSS data base underwent at least two1 hose events selected for review by the E --

independent reviews by different staffmembess.1he independent reviews of each ER were performed to ,

determine if the reported event should be examined in greater detail. This initial review was a bounding |

review, meant to capture events that in any way appeared to deserve detailed review and to eliminate events
that were clearly unimportant. This pmcess involved ehminating events that satisfied predefined criteria for !

rejection and accepting all others as either potentially significant and requiring analysis, or potentially j
significant but impractical to analyze. All events identified as impmetical to analyze at any point in the study i

are documented in Appendix E. Events were also eliminated from further review if they had little impact on ;

core damage sequences or provided liede new information on the risk impacts of plant operation-for example, !

short-term single failures in redundant systems, uncomplicated reactor trips, and LOFW events. j
1

Selection Criteria and Quantification
Enclosure 2
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LERs requiring review

Y
Does the evoet only levolve:
. componset failure (no loss of sedundamey)
. loss of redundancy (sangle system)
. seismic qualification /desige error
.savironmental qualificapon/ design error Yes
. pre critical evant g Reject
. structural de3redation
. design error discovered by se enalysis
. bounded by snp or LOFW
.no appreciable safety sysem impact

< . sbuidown-related evant
. post-core damage impacts only

1I No No
Can event be reasonably soniysed by idenufy as potentially significant but
PR A-based models' impractical to analyze

f Yes .

Perform detailed teview.analysia and Define impact of event in terms of initiator ASP models
quanuficauon observed and trains of sysens maavailable

71 ant drawings.
sysum descripuons,

if FS A Rs. etc.

Modify branch probabihues to reflect event.

1P'
Calculate conditional probability associaeed
with event using nedsfied event trees.

N

Does operanomal eveet involve: p,
. a core damage ininator

,

Reject.a total loss of a sysum -

.a loss of sedundancy le two or more eyesens ,

a reactor wip with a degraded singstieg eyama

**lI No
,, p ; Reject based on low probability

jf Yes
Document as a pescursor

Figure 2.1 ASP Analysis Process

Selection Criteria and Quantification

.



-. .

:
,.

.

,, . . .

.

I
1

*

!

!*
1

I
i 2-3

i

j LERs were eliminated from further consideration as precursors if they involved, at most, only one of the
j following:

i
a component failure with no loss of redundancy,< .

; a short-term loss of redundancy in only one system,=

; .. a seismic design or qualification error,
! an environmental design or qualification error,=

! a stmetural degradation,=

an event that occurred prior to initial criticality,; e

1 a design error discovered by reanalysis,.

| an event bounded by a reactor trip or LOFW,.

{ an event with no appreciable impact on safety systems, or.

"

* - an event involving only post core-damage impacts.

Events identified for further consideration typically included the following:

unexpected core damage initiators (LOOP, SGTR, and small-break LOCA);a
.

all events in which a reactor trip was demanded and a safety-related component failed;=

all support system failures, including failures in cooling water systems, instrument air, instrumentation.

and control, and electric power systems;
any event in which two or more failures occurred;=

any event or operating condition that was not predicted or that proceeded differently from the plante

design basis; and
any event that, based on the reviewers' experience, could have resulted in or significantly affected a=

chain of events leading to potential severe core damage.

Events determined to be posentially significant as r result of this initial review were then subjected to a
thorough, detailed analysis. His extensive analysis was intended to identify those events considered to be
precursors to potential severe core damage accidrats, either because of an initiating event, or because of
failures that could have affeceed the course of postdated off-normal events or accidents. Dese detaded reviews
were not limited to the LERs; they also used final safety analysis reports (FSARs) and their amendments,
individual plant examinations (IPEs), and other information related to the event ofinterest.

The detailed review of each event considered the immediate impact of an initiating event or the potential
impact of the equipment failums or operator errors on readiness of systems in the plant for mitigation of
off-normal and accident conditions. In the review of each selected event, three general scenarios (involving
both the actual event and postulated additional failures) were considered.

1. If the event or failure was immediately detectable and occurred while the plant was at power,
then the event was evaluated according to the likelihood that it and the ensuing plant response
could lead to severe core damage.

2. If the event or failure had no immediate effect on plant operation (i.e., if no initiating event
occurred), then the review considered whether the plant would require the failed items for
mitigation of potential severe core damage sequences should a postulated initiating event
occur during the failure period.

1

Selection Criteria and Quantification )
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3. If the event or failure occuned while the plant was not at power, then the event was first
assessed to determine whether it impacted at-power or hot shutdown operation. If the event
could only occur at cold shutdown or refueling shutdown, or the conditions clearly did not

,

impact at-power operation, then its impact on continued decay heat removal during shutdown j
was assessed; otherwise it was analyzed as if the plant were at power. (Although no cold <

shutdown events were analyzed in the present study, some potentially significant shutdown-.

related events are described in Appendix D). i

!
For each actual occunence or postulated initiating event associated with an operational eve.nt reported in an
LER or multiple LERs, the sequence of operation of various mitigating systems requited to prevent core
damage was considered. Events were selected and documented as precursors to potential severe core damage ;

accidents (accident sequence precursors)if the conditional probability of subsequent core damage was at least
1.6 X 104 (see section 2.2). Events of low significance are thus excluded, allowing attention to be focused
on the more important events. 'Ihis approach is consistent with the approach used to define 1988-1993
precursors, but differs from that of earlier ASP reports, which addressed all events meeting the precursor
selection criteria regardless of conditional core damage probability.

Es

As noted above,115 operational events with conditional probabilities of subsequent severe core damage 2
1.0 X 104 were identified as accident sequence precursors.

2.1.2 Potentially Significant Shutdown-Related Events

No cold shutdown events were analyzed in this study because the lack ofinformation concerning plant status
at the time of the event (e.g., systerns unavailable, decay heat loads, RCS heat-up rates, etc.) prevented
development of models for such events. However, cold shutdown events such as a prolonged loss of RHR i

cooling during conditions of high decay heat can be risk significant. Sixteen shutdown-related events which
may have potential risk significance are described in Appendix D.

2.1.3 Potentially Significant Events Considered Innpractical to Analyze

In some cases, events are impractical to analyze due to lack of information or inability to reasonably model
within a probabilistic risk assessment (PRA) framework, considering the level of detail typically available in
PRA models and the resources available to the ASP Pm mm.

Forty-three events (some involving more than a single LER) identified as potentially significant were
considered impractical to analyze. It is thought that such events are capable of N+9g core damage
sequences. However, the events usually involve component degradations in which the extent of the degradation ;

could not be determined or the impact of the degradation on plant response could not be ascertained. 1

For many events classified as impractical to analyze, an assumption that the affected component or function i
was unavailable over a 1-year period (as would be done using a bounding analysis) would result in the |
conclusion that a very significant condition existed. This conclusion would not be supported by the specifics |

of the event as reponed in the LER(s) or by the limited engineenng evaluation performed in the ASP Psy.m. |
'

Descriptions of events considered impractical to analyze are provided in Appendix E.

|

,

Selection Criteria and Quantification
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2.1.4 Containment-Related Events

In addition to accident sequence precursors, events involving loss of containment functions, such as
containment cooling, containment spray, containment isolanon (direct paths to the environment only), or
hydrogen control, identified in the reviews of 1982-83 LERs are documented in Appendix F. It should be
noted that the SCSS search algorithm does not spuny search for containment related events.1hese events, |
if identified for other reasons during the search, are then examined and documented.

'

2.1.5 " Interesting" Events

Other events that provided insight into unusual failure modes with the potential to cornpromise contmued core ;

cooling but that were determined not to be precursors were also identified. These are documented as
"iiiteresting" events in Appendix G.

!

2.2 Precursor Quantification +

Quantification of accident sequence precursor significance involves determmation of a conditional probability
,

of subsequent severe core damage, given the failures observed during an operational event. This is estimated
by mapping failures observed during the event onto the ASP models, which depict potential paths to severe ;

core damage, and calculating a conditional probability of core damage through the use of event trees and |
system models modified to reflect the event. The effect of a precursor on event tree branches is assessed by
reviewing the operational event specifics against system design information. Quantification results in a revised
probability of core damage failure, given the operational event. The conditional probability estimased for each
j,.w-cr is useful in ranking because it provides an ami-me of the measure of protection against core damage

; that remams once the observed failures have occurred. Detaals of the event modeling process and calenlational !

j results can be found in Appendix A of this report.
4 |

The frequencies and failure probabdities used in the cairnimions are derived in part from data obtained across
,

| the light-water reactor (LWR) population for the 1982-86 time period, even though they are applied to
'

| sequences that are plant-specific in nature. Because of this, the conditional probabilities determined for each ;
| precursor cannot be rigorously assammed with the prrenhaley of severe core damage resulting from the actual i

I event at the specific reactor plant at which it h.4. Appendix A documents the accident sequence models
! used in the 1982-83 precursor analyses, and provides exmaples of the probability values used in the

i
j calculations.

| |

| The evaluation of precursors in this report considered agaipment and recovery procedures believed to have |

i been available at the various plants in the 1982-83 time frame. This inchades features addressed in the cunent I

j (1994) ASP models that were not considered in the analysis of 1984,91 events, and only partially in the j
j analysis of 1992-93 events. These features include the potennal use of the residual heat removal system for

long-term decay Lat removal following a small-break LOCA in PWRs., the potential use of the reactor core4
,

) isolation cooling system to supply makeup following a small-break LOCA in BWRs, and core damage )
j sequences associated with failure to trip the reactor (this condition was, previously designated "ATWS " and I
i not developed). In addition, the potential long-term recovery of the power conversion system for BWR decay
3 heat removal has been addressed in the models.
!

I
:
t

| Selection Criteria and Quantification
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Because of these differences in the models, and the need to assume in the analysis of 1982-83 events that
! equipment reported as failed near the time of a reactor trip could have impacted post-trip response (equipment
j' response following a reactor trip was required to be reported beginning in 1984), the evaluations for these -

; years may not be directly comparable to the resuks for other years.
;

J

. Another difference between earlier and the most recent (1994) precursor analyses involves the documentation
'

of the significance of precursors involving unavailable equipment without initiating events. Dese events are
i termed unavailabilities in this report, but are also referred to as condition assessments. The 1994 analyses '

j distinguish a precursor conditional core damage probability (CCDP), which addresses the risk impact of the
] failed equipment as well as all other nominally functioning equipment during the unavailability period, and
| an importance measure defined as the difference between the CCDP and the nominal core damage probability |
| (CD!') over the same time period. Ihis importance measure, which estimates the increase in core damage |

f
probability because of the failures, ws referred to as the CCDP in pre-1994 reports, and was used to rank
unavailabilities.

i

For most unavailabilities that meet the ASP selection criteria, observed failures significantly impact the core
damage model. In these cases, there is little difference between the CCDP and the importance measure. For

-

)some events, however, nominal plant response dominates the risk. In these cases, the CCDP can be i,

{ considerably higher than the importance measure. For 1994 unavailabilities, the CCDP, CDP, and importance I

j are all provided to better characterize the significance of an event. His is facilitated by the computer code |
j used to evaluate 1994 events (the GEM module in SAPHIRE), which reports these three values. l
3

3

; The analyses of 1982-83 events, however, were performed using the event evaluation code (EVENTEVL)
: used in the assessment of 1984-93 precursors sie- this code only reports the importance measure for
j unavailabilities, that value was used as a measure of event significance in this report. In the documentation
1 of each unavailability, the importance measure value is referred to as the increase in core damage probability
| over the period of the unavailability, which is what it represents. An example of the difference between a
j conditional probability calculation and an importance calculation is provided in Appendix A.

|
: 2.3 Review of Precursor Documentation
f.
; With completion of the initial analyses of the precursors and reviews by team members, this draft report
j containing the analyses is being transmitted to an NRC contractor, Oak Ridge National I.aboratories (ORNL),
! for an independent review. De review is intended to (1) pmvide an independent quality check of the analyses,

(2) ensure consistency with the ASP analysis gehn and with other ASP analyses for the same event type,
,

and (3) verify the adequacy of the modeling approach and appropriaterw.ss of the assumptions used in the4

) analyses. In addition, the draft report is being sent to the pertinent nuclear plant licensees for review and to the
i NRC staff for review. Comments received from the licensees within 30 days will be considered during
i resolution of comments received from ORNL and NRC staff.
i

i 2.4 Precursor Docuanentation Format
i
] *Ihe 1982-83 precursors are documented in Appendices B and C. De at-power events with conditional core

damage probabilities (CCDPs) a 1.0 x 10-8 are contained in Appendix B and those with CCDPs between 1.0 ),

4
; x IO' Sand 1.0 x 10 are summarized in Appendix C. For the events in Appendix B, a description of the event |
i i

> |

j Selection Criteria and Quantification
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is provided with additional information relevant to the assessment of the event, the ASP modeling assumptions
'

and .mv.ch used in the analysis, and analysis results. The conditional core damage probability calculations :
documented and the documentation includes probability summaries for end states, the conditionalare

probabilities for the more important sequences and the branch probabilities used. A figure indicating the
dominant core damage sequence postulated for each event will be included in the final report. Copies of the

. LERs are not provided with this draft report.
f

2.5 Potential Sources of Error
:

As with any analytic procedure, the availability ofinformation and modeling assumptions can bias results. In
{

this section, several of these potential sources of error are addressed.
]

'
1

1. Evaluation of only a subset of1982 83 LERs. For 1%9-1981 and 1984-1987, all LERs
reported during the year were evaluated for precursors. For 1988-1994 and for the present )ASP study of 1982-83 events, only a subset of the LERs were evaluated after a computerized
search of the SCSS data base. While this subset is thought to include most serious operational
events, it is possible that some events that would normally be selected as precursors were
missed because they were not included in the subset that resulted from the screening process.
Reports to Congress on Abnorma! Occurrences'* (NUREG-0900 series) and operating *
experience articles in Nuclear Sqfety were also reviewed for events that may have been"

missed by the SCSS computerized screening.

2. Inherent biases in the selection process. Although the criteria for identification of an
operational event as a precursor are fairly well-defined, the selection of an LER for initial
review can be somewhat judgmental. Events selected in tt study were more serious than
most, so the majority of the LERs selected for detailed review would probably have been

'

selected by other reviewers with experience in LWR systems and their operation. However,
some differences would be expected to exist; thus, the selected set of precursors should not
be considered unique.

3. Lack of appropriare event irgformation. The accuracy and completenest of the IERs and
other event-related documentation in reflecting pertinent operational information for the
1982 83 events are questionable in some cases. R@,...;sts masaciated with LER reporting
at the time, plus the approach to event reporting practiced at particular plants, could have
resulted in variation in the extent of events reported and report detads among plants. In
addition, only details of the sequence (or partial sequences for failures discovered during
testing) that actually occuned are usually provided; details concerning potential alternate
sequences ofinterest in this study must often be inferred. Finally, the lack of a requirernent,

at the time to link plant trip information to reportable events required that certain assumptions i
'

be made in the analysis of certain kinds of 1982-83 events. Specifically, through use of the
" Grey Books" (licensed Operating Reactors Sannu Report, NUREG-0200)"it was possible
to determine that system unavailabilities reported in LERs could have overlapped with plar+ l
trips if it was assumed that the component could have been out-of-service for % the I

test / surveillance period associated with that component. However, with the link between trips
and events not being described in the ERs, it was often impossible to determine whether or
not the component was actually unavailable during the trip or whether it was demanded

,

Selection Criteria and Quantification
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i during the trip. Nevenheless, in order to avoid missing any imponant procursors for the time I

i period, any reported component unavailability which overlapped a plant trip within % of the :

j component's test / surveillance period, and which was believed not to have been demanded I
'

during the trip, was assumed to be unavailable concurrent with the trip. (If the component
'

'
had been demanded and failed, the failme would have been reported;ifit had been demanded
and worked successfully, then the failure would have occurred sAer the trip). Since such; .

'
assumptions may be conservative, these events are distinguished from the other precursors
listed in Tables 3.1 - 3.6. As noted above, these events are termed "wadowed" events to

| indicate that they were analyzed because the potential time window for their unavailability
[ was assumed to have overlapped a plant trip.

4. Accuracy of the ASP models andprobability data. The event trees used in the analysis are
'

plant-class specific and reflect differences between plants in the eight plant classes that have
been defined. The system models are structured to reflect the plant specific systems, at least
to the train level. While major differences between plants are represensed in this way, the
plant models utilized in the analysis may not adequately reflect aB important differences.
Modeling improvements that address these problems are being pursued in the ASP Program.

Because of the sparseness of system failure events, data from many plants must be combined
to estimate the failure probability of a multitrain system or the frwy of low- and
moderate-frequency events (such as LOOPS and small-break LOCAs). Because of this, the
modeled response for each event will tend toward an average response for the plant class. If
systems at the plant at which the event occurred are better or worse than average (difficult to
ascertain without extensive operating experience), the actual condmonal probability for an
event could be higher or lower than that calculated in the analysis.

Known plant-specific equipment and procedures that can provide additional protection
against core damage beyond the plant-class features included in the ASP event tree models
were addressed in the 1982-83 precursor analysis for some plants. His information was not
uniformly available; much ofit was based on FSAR and IPE documentation available at the
time this report was prepared. As a result, consideration of additional features may not be l

Iconsistent in precursor analyses of events at different plants. However, analyses of multiple
events that occurred at an individual plant or at similar units at te same site have been
consistently analyzed.

5. D#culty in determining Ae potentialJbr recovery offailed equfpaunt. Assignment of
recovery credit for an event can have a significant impact on the assessment of the event. The
approach used to assign recovery credit is described in detail in Appendix A. The actual
likelihood of failing to recover from an event at a particular plant during 1982-83 is difficult
to assess and may vary substantially from the values currently used in the ASP analyses. 'Ihis
difficulty is demonstrated in the genuine differences in opinion among analysts, operations
and maintenance personnel, and others, concermng the likelihood of secovering from specific
failures (typically observed during testing) within a time period est would prevent core
damage following an actualinitiating event.

6. Assumption of a 1-month test interval. *Ihe core damage probability for precusars involving
.
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unavailabilities is calculated on the basis of the exposure time associated with the event. For
failures discovered during testing, the time period is related to the test interval. A test interval
of 1 month was assumed unless another interval was specified in the LER. See reference 1

'

for a more comprehensive discussion of test interval assumptions.
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|

:
; A.0 ASP Models
|

This appeda decribes the methods and models used to estamate the significa.nce of 1982 83 preewsers Thei

j modehng appreadiis samlar to that used toevaluate 1984-91 operabonal events Simpli6ed train-based models

j se used, in canyummon wi:h a simpli6ed recovery model, to estunate system failwe probabilities spec 6c to an

i operarianal event. These probabdities me then used in evet tree models that describe core damage sequences
ndevant to the event. The event trees have been expanded beyond those used in the analysis of 1984 91 eventsi

; to addrers features of the ASP models used to assess 1994 operabonal events (Ref.1) known to have existed in

; the 1982-83 time penod.
:
1

|
A.1 Precursor Significance Estinistion

| lin ASP program perfwas retrospective analyses of operatmg expenence lhese analyses require that certam
methadological assumphons be made in order to estimate the risk sienine- of an evant. If one assumes,'

i following an operational event in wiuch core cooling was successful, that co.+=:c observed failed were
" failed" with probability 1.0, and components that functioned successfully were " successful" with probability,

; 1.0, then one can conclude that the risk ofcore damage was zero, and that the only potential sequence was the
i combirinhan ofevents that occured. In onbr to avoid such trivial results, the status of certam components must

be considered latent. In the ASP program, this latency is associated with components that operated
successfully-these components are considered to have been capable of failing durms the operational event.

Quanti 6cataan of procursor signi6cance evolves the deter =ia* of a conditional probability of subsequent
core damage given the failures and other undesirable conditions (such as an initiating event or an E- --+?+i
reliefvalve challenge) observed durmg an operabonal event. The effect of a precursor on systens addmssed in
the core damage maMs is assessed by nmewmg the operanonal event spec 6cs against plant design arul
operunng aformahnn, and translaeng the results of the review into a revised modiel for the plant that r:6ects the
observed failures. The precursors's si; * = = is can==ed by calculatmg a conditional probabihty of core
damage given the observed failwes The conditional probabdity catenia:M in this way is usefulin rankmg
because it provides an estunate of the measure of pratachna agamst core damage remammg once the observed

failures have occurred.

A.1.1 Types of Events Analysed

Two ddimos types af svents me addressed im prearsor ryiantitative analysis In the Srst, an initiatag event such
as a loss of offsite power (ISOP) or snuMmeek loss of coolant accidet (14CA) occurs as a part of the
precursor. The probabihty of core damage for this type of evat is calculated based on the equired plant
response to the peticular initiatung evet and other failwes that may have occurred at the same time. This type
ofevent includes the " windowed" events subsetted for the 1982-83 ASP progran and discumed in Section 2.2

of the main report.

The second type ofevent involves a faihse ==&han that *= tart over a period of time dunng wiuch an ististag
event could have, but did not occur. The probabihty of core damage is calculated based on the requend plant
respanas to a set ofpostulated inmatmg events, considering the failmes that were observed. Unlike an intiating
eveet ==ammmmit, where a pertumlar mutuems event is assumed to ocar with probabihty 1.0, each intiatag evet
is assumed to occur with a probabihty based on the istissag event frequency and the failure dwation.

ASP MODELS



._ . . _ _ _ _ _ ___ __ _ ___ _ _ . _. _

. .

1 .. . . .

i
'

;

; .
;

; .

!

; A-3 |

!

| A.I.2 Modi 5 cation of Systeen Failure Probabilities to Reflect Observed Failures
.

| The ASP models used to evahnste 1982 83 oparabonal events describe sequences to core damage in terms of
| combinanons of mitigatmg systens sucass and failwe fouowmg an initiatmg event. Each system model

aprammes thcae a==h==== aftrain or ==panaar fadwas that will result in systen failwe Failwes observed
i during an operanonal event suust be repreensted in tenns of changes to one or more of the potential fadwes
| . included in the system =adale i

!
; If a failed ==pana=# is iah in one of the trains in the system model, the failure is reGected by settag the
j probability for the impactad armin to 1.0. Daduadame train failwe probabilities are conditional, which allows

;

potential ===an cause faihees to be addressed. If the observed failwe could have occurred in other simdar ;e

! campanaare at the same time, than the systen fadure probabibty is in:reased to represent this. If the failme could !
; not simultaneously occur in stor ==panante (for musaple, if a ea= was removed from service for |
! rM e ma=t= mane), then the system failure probabihty is also revised, but only to reDect the " removal"of ;
| the unavailable e--- =- -; from the model.
!

j

l

| If a failed e- ;-:=; is not prally included as an event in a model, then the failure is addressed by settmg
j elements impacted by the failwe to failed. For example, apport systems are not completely developed in the
i 1982 83 ASP =adele A breaber failure that results in the loss of power to a group of components would be
; i,4 by settmg the eleensets associated with each component in the group to failed.
;
'

one--any, a prec sor ocess eat cannot be modelled by modifymg Probabilities in existag system models
In such a case, the model is revised as necessary to address the event, typically by addag events to the system
model or by addresses an unusnel initiating event through the use of an additional event tree.

A.I.3 Recovery from Observed Failures

The madale used to evalueled 1982-83 events address the poemtial for recovery of an estare system if the system
fails. This is the same approach that was used in the analysis of most precursors through 1991.8 In this
approach, the potential for recovery is addressed by assagung a recovey accan to each system failure and
initiating event. Four classes were used to describe the different types of short-term recovery that could be
involved:

I

' Later precursor analyses stilize Time-Reliability Correlations to esimate the probability of failing to
recover a fhiled symes when secovery is dominatad by operator action. j
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! Ras m ry IAsheed of Mee- Recovery Cherseesrtnic
! ans Res.ory'
4

| RI 1.00 The failws did not appear to be recoverable in the required penod, either frean the sonwol
; soom or at the failed equipment.
,

) R2 0.55 The failus appsered removerable in the negared period at the failed agapenas, and the
; egepasst was sossembie removery sen the soment room did not appear posible,

;

j R3 0.10 The failus appeared removerable in the sequesd period from she santot rossa, but
j asnovery was not souane or involved substanhal operesor hunism
..

j R4 0.01 The faites appened escoverabic in die requesd period freen the connot room and was
'

aa= W reueneand , t _"; based.
,

i

j 'Ibe assignment of an event to a recovery class is based on engmeenngjudgment, which considers the speci5cs
; of each operational event and the likelihood of not recovering from the observed failure in a moderate to high-
i stress situation following an initiating event.
i

| Substannal time is usually available to recover a failed residual beat removal (RHR) or BWR power conversion
j system (PCS). For these systcans, the nonrecovery probabilities listed above are overly conservative. Data in

Refs. 2 and 3 was used to estimate the followmg nonrecovery probabilities for these systems:

|
|

|
Sy.gga n(nonrecovery)

| BWR RHR systan 0.016 (0.054 if failures involve service wass)
i
i BWR PCS 0.52 (0.017 for MSIV closure);

{- PWR RHR systan 0.057
,

j lt must be noted that the actual hkehhood of fahng to recover from an event at a particular plant isa h dtto
! assess and insy vary subannahmily froen the vahus hsted.1his &"--y is d==nneated in the genume
j ddlierences in opuman among analysts, operations and ma=tanamee pesonnet, sec., concerning the likelihood of
j secovering specanc faihses (typicaDy observed dunes testag) withm a time period that would prevent core
! dunas fonowag an actual imustag event.
1

i

j A.1-4 Conditional Probability Associated with Each Precursor
i ,

j As described earher in this appendix, the e=ladan= process for each precursor involves a detah of

; immators that umst be =nrWart, phis any =nane=hr== to system probatnhues necessitated by fahses observed

!

!

l

] 'Ibene nonrecovery probabilities are consistent with values specified in M.B. Sattison er al., " Methods
j Improvesnans Incorporand imo the SAPHIRE ASP Models," Proceedbtgs of the U.S. MaclearRegulatory
; Cmwnission henty-Second WaterReacrorSqfirty A@rnestion Afeering, NUREGCP-0140, Vol.1, April
| 1995.

i
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i

in an operational evet. Once the probabilities that reDect the conditions of the procursor are established, the

i sequences lendmg to core damage are cahiled to =h==* the con &tional probabdity for the precursor. This i

! calculational process is summarued in Table A.I. |
!

'

| Several simpli6ed examples that illustrate the bancs ofprecursor calculational process follow. It is not the intent

| of the examples to describe a decaded precursor analysis, but instead to provide a basic undestan&ng of the

| process

i

| 1he hypothetical core damage model for these examples, shown in Fig. A.1, consists of initiator I and four
systems that provide protection agamst core damage systen A, B, C, and D. In Fig. A.1, the g branch4

repreasts sucass and the down branch failure fer each of the systems lhree sequeces result in core danage
if'=
A II). pWM sequence 3 [I /A ("/" represents systen success) B C], sequence 6 (I A /B C D) and sequaxe 7 (I

.

j In a conventional PRA approach, the frequacy of core damage would be calculated using the frequency
; of the initiating event I,1(I), and the failure probabilities for A, B, C, and D [p(A), p(B), p(C), and p(D)].

| Aw-=ing 1(T) = 0.1 yr' and p(All) = 0.003, p(B[IA) = 0.01, p(Cll) = 0.05, and p(DilC) = 0. I,8 he frequency oft

! core damage is determined by calculating the frequency of each of the three core damage sequences and adding
the frequencies:'

0.1 yr8 = (1 0.003) = 0.05 = 0.1 (sequence 3) +

| 0.1 yr' = 0.003 = (1 - 0.01) = 0.05 = 0.1 (sequence 6) +

3 0.1 yr' = 0.003 = 0.01 (sequence 7)
!

! = 4.99 = 10dyr' (sequece 3) + 1.49 = 104yr' (sequence 6) + 3.00 = 104yr' (sequence 7)

i
j = 5.03 = 10dyr'.
!
:

i In a anmmal PRA, sequece 3 would be the An== mar core damage sequence
1

The ASP program calculates a conditional probability of core damage, given an istaatmg event or component

i fadures This probabihty is different than the frequency cale=I=*M above and cannot be drectly compared with

$ it-
;

} Emmaple 1. Intistag Event Assessamt. Assume that a preewsar evolving intiating event I occus In
response to I, systems A, B, and C start and operate correctly and systan D is not d=nandM in a procursor

. initiating event =======d, the probabihty ofIis set to 1.0. Although systems A, B, and C wee miraadd,.
I nammal fahst probalnheios se =====M Since system D was not d===adM, a nammal faihre prahahday is

i =====at for it as well. The aaad dan =1 probabihty ofcore damage anaM with precursor I is e=hiled by
j summing the conditicnal probabilities for the three nat-

! l
! 1.0 = (1 - 0.003) = 0.05 = 0.1 (sequece 3) +

'

i 1.0 = 0.003 = (1 - 0.010) = 0.05 = 0.1 (sequence 6) +
1.0 = 0.003 = 0.01 (sequece 7) ;

The nonnon p(B|IA) ameans the probabday that B fails, given I occurred and A failed. 1
8
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= 5.03 = 10 8

j If,instead, B had failed when demeded,its probability would have bem set to 1.0. The conditional core damage
j probability for precursor IB would be calculated as
!

j 1.0 m (1 - 0.003) = 0.05 x 0.1 (sequence 3) + 1.0 x 0.003 = 1.0 (sequece 7) = 7.99 x 10-8
j

| Since B is failed sequence 6 eannan occur

Example 2. Cadition Assessment Assume that dunng a monthly test system B is found to be failed, and that
the falure could have ocmared at any time dunng the manrh The best estunate for the duration of the failure is;

j one halfo(the test pmod, or 360 h. To estunate the probability ofistaatmg event I dunng the 360 h penod, the
: 3 arty 6equacy afl must be ocevertal to an hourly rate. IfI can only occur at poww, and the plant is at power
j for 70% of a year, then the newy for Iis estunated to be 0.1 yr'/(8760 h/yr x 0.7) = 1.63 x 10-5 h '.

! If as in example 1, B is always demanded following I, the probability ofI in the 360 h period is the probability
j- that at least one I occurs (since the failure of B will then be discovered), or
i

j 1 - e* * **" *"" = 1 - t' ''8 5 ' '" = 5.85 x 10-8
1

i Using this value for the probability of1, and setting p(B) = 1.0, the conditional probability of core damage for
i precursor B is calenta M by again summmg the conditional probabilities for the core damage sequences in Fig.

| A.1:
i

| 5.85 = 10-5 = (1 - 0.003) = 0.05 = 0.1 (sequence 3) + 5.85 = 10-8 = 0.003 x 1.0 (sequence 7)
)

= 4.67 = 10'5

! At: before, since B is faded, sequence 6 cannot occur. The conditional probabdity is the probability of core
j damage in the 360 h penod, given the failure of B. Note that the dr====t core damage sequece is sequece
! 3, with a enadenanal probabahty of 2.92 = 10,s. This sequence is unrelated to the fadure of B. The potential

| falms of systans C and D over the 360 h pmod still drive the core damage risk.
:

I To aderstand the apdicance of the faikse afsysian B, =relwr cale=Intian, an importance measure, is required.
l The importance uneasre that is used is equivalet to risk actuovament worth on an interval scale (see Rat 4).
! le this cat-latnam, the increase in core damage probainhty over the 360 h pmod due to the faihme of B is
| et.timated p(od | B)- p(cd). For this example the value is 4.67 = 10-s - 2.94 = 10s = 1.73 = 108, where the
i arxced term on the let side of the equation is cate=1=8M using the previously developed probainhty of f in the

{ 360 h penod and an=inal fadure probabilities for A, B, C, and D.

!

! I or most anadminns id=*rr=rt as precursors in the ASP program, the importance and the conditional core damage
j twobabihty se manmcally close, and either can be used as a sism6cance measure for the precursor. However,

i for some events--typicany those in which the ar== pan =#= that me faded are not the primary mitigatmg plant

i features-4be an=4manal ocre damage probstmhty can be W higher than the importance in such cases,

i it is impo4 tant to note that the potential failure of other compoemts, unrelated to the preewsor, are still
j dominatmg the plant risk.

i
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i
; The importanos measme fa unavailabilities (condition =======*=)like this exampic evet was pnmously
i refund to as a "nnadminaal core damage prahal= hey" in annual procursor reports before 1994, instead of as the

| mmase in care damage probability over the duration of the insvailability. Because the computer code used to
j analyas 1982-83 ennes is the same as was used for 1984-93 evaluations, the results for 1982-83 nanditinne se

i also psesented in the computer output in terms of "condetsonal probakhty," whos in actunhty the neult is =
j importance

!
-

| A.2 Overview of1982-83 ASP Models
t

Models used to rank 1982-83 precursors as to segmficanoe canast of system-brand plant class event trees and
'

j maphand piam-spendic synen modds Thes modds desmbe antagstion sequences for the folkmag inmarmy
: events: a an==lwar reactor trip [wiuch includes loss of feedwaar (LOFW) within the model), LOOP, smau-

break I4CA, and steam generator tube rupture [SGTR, pressunand water reassers (PWRs) only].

j Plant classes were dermed based on the use of similar systems in providing protective functions in response to

| tran====, IDOPs, and small-break LOCAs Systern daigns and specific nomenclature may differ among plants
! included in a particular class; but SMa==11y, they are similar in response Plants where certam mitigatag
j systmas do not exist, but winch are largely analogous in their initiator response, are grouped into the appropnate
j plant class. ASP plant categonzation is described in the followmg section.

I
j 1he event trees consider two end states: success (OK), in wiuch core cooling exists, and core damage (CD),in

j which adequate core coohng is beheved not to exist. In the ASP models, care damage is assumed to occur
; fonowns core uncovey. h is admowledged that clad and fuel damage will occur at later times, dependmg on the
! craena need to ddine "danase," and that time may be availstas to maover core coolms anos cae uncovey ocess

i ha besos the amas ofcore dag I*mewr, this poemaal renoway is not addressed in abe models Ema event

i ame , =~.a n ofsymanfaikre thatwillpavent oorecoohns,andasimuyirroquired,inboththea

i short andicas ternt Pnmary systems designed to prende these ==*ia== and altasasse systens capable of alson

j perfoneiss these funceans ne addrused.

i
; 1he modds used to evaluate 1982 83 events canada both addeonal systems that can prende core proteccan
i and inesting events not included in the plant class models used in the ===m====e of 1984-91 events, and only
i pernaDy imhdad in ihn =======e of 1992-93 ennes Response to a fuhse to trip the reactor is now addressed,

! e is as SO1R in FWRs. k FWRs, the poemeial use of the askbal hast rueuwel sysessa Sdiowing a snau-break
! IDCA (en avoid many aceculation) is addressed, as is the passatial recovery of smoceduy-side occhng in the

| long team inBowing the huitisaan of had and bisest h boBias water messors (BWRs), the potential use of reactor
j core incheios coobag (RCIC) and the cosmol rod drive (CRD) syneen for makair if a single relief valve slidis
: apen is addressed, a is the poennial lons4sna moovery of the power conversion syneem (PCS) for decay has
; amorat in BWRs. These models bestar reflect the capabihties ofplant systems in preventing core damap.
1

i
I

I

I
t

i

| ASP MODEL5
;
i

|
1

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


