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* WASHINGTON, D.C. 20066 4001

***** May 20, 1996

Mr. Guy R. Horn
Vice President, Nuclear
Nebraska Public Power District

'P.O. Box 499
Columbus, Ne 68602-0499

SUBJECT: DRAFT 1982-83 PRECURSOR REPORT

Dear Mr. Horn:

Enclosed for your information are excerpts from the draft _ Accident Sequence
Precursor (ASP) Report for 1982-83. This report documents the Accident
Sequence Precursor (ASP) Program analyses of operational events which occurred
during the period 1982-83. We are providing the appropriate section[s] 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. At least one of these
precursors occurred at the Cooper Nuclear Station. 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

i 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.

The analyses documented in the draft ASP Report for 1982-83 were performed
primarily for historical purposes to obtain the two years of precursor data
for the NRC's asp Program which had previously been missing. We realize that
any review of the precursor analyses of 1982-83 events by affected licensees
would necessarily be limited in scope due to: (1) the extent of the
licensee's corpt, rate memory about specific details of an event which occurred
13-14 years ago, (2) the desire to avoid competition for internal licensee-

i
' staff resources with other, higher priority work, and (3) extensive changes in

plant design, procedures, or operating practices implemented since the time !

lperiod 1982-83, which may have resulted in significant reductions in the.

L 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 with!

conditional core damage probabilities 21.0 x 10' . However, the relatively
large number of precursors identified for the period 1982-83 necessitated that
only summaries be provided for precursors witg conditional core damage;

probabilities between l'.0 x 10' and 1.0 x 10''

We will begin revising the report about May 31, 1996, to put it in final form i

! for publication. We will-respond to any comments on the precursor analyses '

j which we receive from licensees. The responses will be placed in a separate
.section of the final report. Nebraska Public Power District is on distribu-i

| tion for the final report. Please contact me at 301-415-1301 if you have
i |

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

,

Sincerely,

ORIGINAL SIGNED BY:j

| David L. Wigginton, Senior Project Manager !
| Project Directorate IV-1 l

|Division of Reactor Projects III/IVi

Office of Nuclear Reactor Regulation

Docket No. 50-298

Enclosures: 1. Section C.20, " Summary of Precusor
| Analysis of 9/15/83 Reactor Trip i

| with High Pressure Coolant
Injection Unavailable."'

2. Section 2, " Selection Criteria
and Quantification."

3. Appendix A, " ASP Models." ]

cc w/encls: See next page
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any questions regarding this letter. Any response to this letter on your part
is entirely voluntary and does not constitute a licensing requirement.

Sincerely,
, .

I
' /

l
|

David L. nton, Senior Project Manager i

Project Directorate IV-1 |

Division of Reactor Projects III/IV I

Office of Nuclear Reactor Regulation
,

Docket No. 50-298

Enclosures: 1. Section C.20, " Summary of Precusor
Analysis of 9/15/83 Reactor Trip
with High Pressure Coolant
Injection Unavailable."

2. Section 2, " Selection Criteria

and Quantification."
3. Appendix A, " ASP Models."

!

cc w/encls: See next page ;
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Mr. Guy R. Horn **

Nebraska Public Power Company Cooper Nuclear Station

ec:

Mr. John R McPhail, General Counsel Lincoln Electric System
Nebraska Public Power District ATTN: Mr. Ron Stoddard
P. O. Box 499 lith & 0 Streets
Columbus, NE 68602-0499 Lincoln, NE 68508

Nebraska Public Power District Midwest Power
ATTN: Mr. John Mueller, Site Manager ATTN: Richard J. Singer, Manager-Nuclear
P. O. Box 98 907 Walnut Street
Brownville, NE 68321 P. O. Box 657

Des Moines, IA 50303
! Randolph Wood, Director
| Nebraska Department of Environmental Nebraska Public Power District
| Control ATTN: Mr. Robert C. Godley, Nuclear

P. O. Box 98922 Licensing & Safety Manager
Lincoln, NE 68509-8922 P. O. Box 98

Brownville, NE 68321
Mr. Larry Bohlken, Chairman
Nemaha County Board of Commissioners
Nemaha County Courthouse

,

| 1824 N Street
Auburn, NE 68305

' Senior Resident Inspector
U.S. Nuclear Regulatory Commission
P. O. Box 218
Brownville, NE 68321

: Regional Administrator, Region IV
L U.S. Nuclear Regulatory Commission
| 611 Ryan Plaza Drive, Suite 1000
! Arlington, TX 76011

Ms. Cheryl Rogers, LLRW Program Manager
Division of Radiological Health
Nebraska Department of Health
301 Centennial Mall, South
P. O. Box 95007
Lincoln, NE 68509-5007

! Mr. Ronald A. Kucera, Department Director
| of Intergovernmental Cooperation

Department of Natural Resources
P.O. Box 176
Jefferson City, MO 65102
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C-20

C.20 LER No. 298/83-014

Event Description: Reactor Trip with High Pressure Coolant injection Unavailable

Date of Event: September 15,1983

Plant: Cooper

Summary

On September 15,1983 the high pressure coolant injection (HPCI) system was declared inoperable due to
pressurization of the suppression chamber air space while the HPCI turbine was undergoing suneillance
testing. The cause of the event was traced to a vacuum breaker jammed in the open position, allowing the
HPCI turbine exhaust to enter the airspace of the suppression chanier. The plant was shutdown, interim

'

repairs were made to the vacuum breaker and the HPCI system resw red to senice. It was found that the
vacuum breaker was damaged because it had been installed in the wrong size pipe. Other core standby
cooling systems and the reactor care isolation cooling (RCIC) system were operable at the time of the HPCI
failure.

This event was modeled as a reactor trip with the HPCI system assumed to be unavailable. This approach
was based on the fact that a scram occurred three days earlier. The conditional core damage probability
estimated for this event is 6.2 x 104 The dominant core damage sequence involves the obsened transient,
successful reactor trip, failure of the power conversion system (PCS), two safety relief valves (SRVs) failing
to close, unavailability of HPCI, and ADS failure.

I
1

Summarized Precursors ENCLOSURE 1
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i 2.0 Selection Criteria and Quantification
i.
t

{ 2.1 Accident Sequence Precursor Selection Criteria

! " The Accident Sequence Pi-or (ASP) Program identifies and documents potentially important operational :
'

j events that have involved portions of core damage sequences and quantifies the core damage probability
associated with those sequences.

,.

i

Identification of precursors requires the review of operational events forinstances in which plant functions that;

;. provide protection against core damage have been challenged or compromised. Based on previous experience
.

l

| with reactor plant operational events, it is known that most operational events can be duectly or indirectly
associated with four initiators: trip [which includes loss of main feedwater (LOFW) within its sequences],.

j loss-of-offsite power (LOOP), small-break loss-of-coolant accident (LOCA), and steam generator tube ruptures
(SGTR) (PWRs only). Dese four initiators am primarily associated with loss of core cooling. ASP Program

i staff members examine licensee event reports (LERs) and other event documentation to determine the impact

|. that operational events have on potential core damage sequences.
.

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

i
A computerized search of the SCSS data base at the Nuclear Operations Analysis Center (NOAC) of the Oak

;

i Ridge National Laboratory was conducted to identify LERs that met minimum selection criteria for precursors.
This computerized search identified LERs potentially involving failures in plant systems that provide*

j- protective functions for the plant and those potentially involving core damage-related initiating events. Based

1
on a review of the 1984-1987 precursor evaluations and all 1990 LERs, this computerized seard successfully |
identifies almost all precursors and the resulting 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 l

[ database for the years prior to 1984. Since the LER reporting requirements for 1982-83 were diffe ent than
for 1984 and later, the possibakty exists that some 1982-83 precursor events were not included in the selected8

subset. Events described in NUREG W and in issues of Nuclear Safety that potentially impacted cose .
damage sequences were also selected for review.

;

|- Dose events selected for review by the computerized search of the SCSS data base underwent at least two

: independent reviews by different staff members. The independent reviews of each LER were performed to
determine if the reported event should be examined in greater detail. His initial review was a bounding#

review, meant to capture events that in any way appeared to deserve detailed review and to ehminate events
that were clearly uniinpor-rd. His process involved eliminating events that satisfied pi=_M---4 criteria for

j rejection and accepting all others as either potentially significant and requiring analysis, or potentially
'

significant but impractical to analyze. All events identified as impractical to analyze at any point in the study

) are documented in Appendix E. Events were also eliminated from further review if they had little impact on
core damage sequences or pnmded little new information on the risk impacts of plant operat ort-for example,;

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

Selection Criteria and Quantification,

a

j ENCLOSURE 2
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LERs requiring review I
1

Y l

Does the event only involve:
. componest failure (so loss of redundancy)
. loss of redundancy (single system)
. seismic qualification / design error
. environmental quahfication/dasign error Yes
. pre-critical event g Reject
. structural degradation
. design error discovered by re-analysis
. bounded by trip or LOFW
.ao appreciable safety system impact
shutdows-related evest

. post-core damage impacts only

1f No No
Can event be reasonably analyzed by idenufy as poteaually significant but
PRA-based models? impractical to analyze

p Yes
-

Perform detailed review. analysis. and DeAne impact of event in terms of initiator ASP models
quanuficauon observed and trains of systems unavailable.

3,, ,

system desenpuons,
If FS ARs. e tc.

Modify branch probabihties to reflect event.

If'

Calculate conditional probability associated
with event using modsfied event trees.

1I

Does operamonal evest involve:
.a core damage initiator
.a totalloss of a system > Reject
. a loss of W-y is two or more systems
. a reactor trip with a degraded mingstics system

Yes1I No

is conditional probability a R&* g Reject based on low probability

1f Yes
Document as a precursor

Figure 2.1 ASP Analysis Process

Selection Criteria and Quantification

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

1

a component failure with no loss of redundancy,-

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

a seismic design or qualification error, le

an environmental design or qualification error,e

a structural degradation,e

an event that occurred prior to initial criticality,e

a design error discovered by reanalysis,e

an event bounded by a reactor trip or LOFW,e

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

an event involving only post core-damage impacts.e

Events identified for further consideration typically included the following:

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

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, instrumentationa

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 potentially significant as a result of this initial review were then subjected to a
thorough, detailed analysis. nis extensive analysis was intended to identify those events considered to be
precursors to potential severe core damage accidents, either because of an initiating event, or because of
failures that could have affected the course of postulated off-normal events or accidents. Dese detailed 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 of interest. |

The detailed review of each event considered the immediate irnpact of an initiating event or the potential j
impact of the equipment failures 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 imm~8hly detectable and occurred v.hile the plant was at power,
i

then the event was evaluated according to the likelihood that it and the ensuing plant response i

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
occuned), 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.

Selection Criteria and Quantification
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! 3. If the event or failure occurred 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 '

i
impact at-power operation, then its impact on continued decay heat removal during shutdown

i was assessed; otherwise it was analyzed as if the plant were at power, (Although no cold
j. shutdown events were analyzed in the present study, some potentially significant shutdown-
j- selated events are described in Appendix D).
'

:

For each actual occurrence or postulated initiating event associated with an operational event reported in anI

: LER or multiple LERs, the sequence of operation of various mitigating systems required to prevent core
i damage was considered. Events were selected and documented as precursors to potential severe core damage

accidents (accident sequence pr: cursors) if the conditional probability of subsequent core damage was at least
4

| 1.0 X 10 (see section 2.2). Events oflow significance are thus excluded, allowing attention to be focused j
' on the more important events. This 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
j selection criteria regardless of conditional core damage probability,

i

i. As noted above,115 operational events with conditional probabilities of subsequent severe core damage a
4

i 1.0 X 10 were identified as accident sequence precursors. i

i

! 2.1.2 Potentially Significant Shutdown-Related Events
!

! No cold shutdown events were analyzed in this study because the lack of information concerning plant status
; at the time of the event (e.g., systems 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
: 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
c. s

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 Program

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 impactmg core damage
sequences. However, the events usually involve component degradations in wiuch the extent of the degradation
could not be determined or the impact of the degradation on plant response could not be ascertained.

For many events classified as impractical to analyze, an assumption that the affected component or function
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 reported in the LER(s) or by th, limited engineering evaluation performed in the ASP Program
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 isolation (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 specifically search for containment related events. These events,
ifidentified 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 compromise continued core
cooling but that were determined not to be precursors were also identified. These are documented as
" interesting" events in Appendix G.

2.2 Precursor Quantification ;

Quantification of accident sequence precursor significance involves determination of a conditional proba! hty
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 estimated for each
precursor is useful in ranking because it provides an estimate of the measure of protection against core damage
that remains once the observed failures have occuned. Details of the event modeling process and calculational
results can be found in Appendix A of this report.

i

The fiequencies and failure probabilities used in the calculations 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 i

sequences that are plant-specific in nature. Because of this, the conditional probabilities determined for each !
precursor cannot be rigorously associated with the probability of severe core damage resulting from the actual |
event at the specific reactor plant at which it occuned. Appendix A documents the accident sequence models i

used in the 1982-83 precursor analyses, and provides examples of the probability values used in the I

calculations.

The evaluation of precursors in this report considered equipment and recovery procedures believed to have
been available at the various plants in the 1982-83 time frame. This includes features addressed in the current |

(1994) ASP models that were not considered in the analysis of 1984-91 events, and only partially in the
analysis of 1992-93 events. These features include the potential use of the residual heat removal system for
long-term decay heat removal following a small-break LOCA in PWRs, the potential use of the reactor core I

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

'

not developed). In addition, the potential long-term recovery of the power conversion system for BWR decay
heat removal has been addressed in the models.

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
i 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 results for other years.

Another difference between earlier and the most recent (1994) precursor analyses involves the documentation
of the significance of precurson; involving unavailable equipment without initiating events. These events are
termed unavailabilities in this report, but are also referred to as condition assessments. The 1994 analyses
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
(CDP) over the same time period. This importance measure, which estimates the increase in core damage
probability because of the failures, was referred to as the CCDP in pre-1994 reports, and was used to rank
unavailabilities.

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
considerably higher than the importance measure. For 1994 unavailabilities, the CCDP, CDP, and importance
are all provided to better characterize the significance of an event. This is facilitated by the computer code
used to evaluate 1994 events (the GEM module in SAPHIRE), which reports these three values.

The analyses of 1982-83 events, however, were performed using the event evaluation code (EVENTEVL)
used in the assessment of 1984-93 precursors. Because this code only reports the importance measure for
unavailabilities, that value was used as a measure of event significance in this report. In the documentation
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
conditional probability calculation and an importance calculation is provided in Appendix A.

23 Review of Precursor Documentation

With completion of the initial analyses of the precursors and reviews by team members, this draft report
containing the analyses is being transmitted to an NRC contractor, Oak Ridge National laboratories (ORNL),
for an independent :eview. 'Ihe review is intended to (1) provide an indwndent quality check of the analyses,
(2) ensure consistency with the ASP analysis guidelines and with other ASP analyses for the same event type,
and (3) verify the adequacy of the modeling approach and appropriateness of the assumptions used in the
analyses. In addition, the draft report is being sent to the pertinent nuclear plant licensees for review and to the
NRC staff for review'. Comments received from the licensees within 30 days will be considered during
resolution of comments received from ORNL and NRC staff.

2.4 Precursor Documentation Format
|

| 'Ihe 1982-83 precursors are documented in Appendices B and C. The at-power events with conditional core

: damage probabilities (CCDPs) 21.0 x 105 are contained in Appendix B and those with CCDPs between 1.0
x 10~5and 1.0 x 10'are summarized in Appendix C. For the events in Appendix B, a description of the event

Selection Criteria and Quantification
:
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) is provided with additional information relevant to the assessment of the event, the ASP modeling assumptions I

and approach used in the analysis, and analysis results. 'Ihe conditional core damage probability calculations
; are documented and the documentation includes probability summaries for end states, the conditional ,

probabilities for the more important sequences and the branch probabilities used. A figure indicating the |4

t 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.
.

2.5 Potential Sources of Error
1

'

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. Evaluation of only a subset of1982-83 LERs. For 1%9-1981 and 1984-1987, all LERs
j 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 Abnormal Occurrences'* (NUREG-0900 setics) and operating
| experience articles in Nuclear Safety were also reviewed for events that may have been
j missed by the SCSS computerized screening.
.

5 2. Inherent biases in the selection process. Although the criteria for identification of an
i operational event as a precursor are fairly well-defined, the selection of an LER for initial

review can be somewhat judgmental. Events selected in the study were more serious than,

; most, so the majority of the LERs selected for detailed review would probably have been
i selected by other reviewers with experience in LWR systems and their operation. However,
j some differences would be expected to exist; thus, the selected set of precursors should not

'

; be considered unique.
*

| 3. Iock of appropriate event infonnation. The accuracy and completeness of the LERs and
f other event-related documentation in reflecting pertinent operational information for the

'

1982-83 events are questionable in some cases. Requirements associated with LER reporting

i at the time, plus the approach to event reportmg pacticed at particular plants, could have
; resulted in variation in the extent of events reported and report details among plants. In
t addition, only details of the sequence (or partial sequences for failures discovered during
' testing) that actually occurred are usually provided; details concerning potential altemate

{ sequences of interest in this study must often be inferred. Finally, the lack of a requirement

: at the time to link plant trip information to reportable events required that certain assumptions
be made in the analysis of certain kinds of 1982-83 events. Specifically, through use of the.

j " Grey Books" (IJcensed Operating Reactors Status Report, NUREG-0200)" it was possible
to determine that system unavailabilities reported in LERs could have overlapped with plant

'

trips if it was assumed that the component could have been out-of-service for % the
; test / surveillance period associated with that component. However, with the link between trips
i and events not being described in the LERs,it was often impossible to determine whether or

| not the component was actually unavailable during the trip or whether it was demanded
i

j Selection Criteria and Quantification
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l
during the trip. Nevertheless, in order to avoid missing any important precursors for the time

|
period, any reported component unavailability which overlapped a plant tri i within % of thel
component's test / surveillance period, and which was believed not to have been demanded

during the trip, was assumed to be unavailable concurrent with the trip. (If the component 1

had been demanded and failed, the failure would have been reported; ifit had been demanded I

and worked successfully, then the failure would have occurred after 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 " windowed" 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. De system models are structured to reflect the plant-specific systems, at least

,'

to the train level. While major differences between plants are represented in this way, the j
plant models utilized in the analysis may not adequately reflect all 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 frequency 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 conditional 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
consistent in precursor analyses of events at different plants. However, analyses of multiple
events that occurred at an individual plant or at similar units at the same site have been
consistently analyzed.

5. DWiculty in determining the potentialfor recovery offailed equipment. 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. De 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. His
difficulty is demonstrated in the genuine differences in opinion among analysts, operations
and maintenance personnel, and others, conceming the likelihood of recovering from specific'

failures (typically observed during testing) within a time period that would prevent core
damage following an actual initiating event.

6. Assumption of a 1-month test interval. De core damage probability for precursors involving

Selection Criteria and Quantification
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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 appm&x describes the methods and models used to estimate the significance of 1982-83 precursors The
modehng approach is smlar to that used to evaluate 1984-91 operabonal events. Simplified train-based models
are used, in comp =*an wi*h a simplified recovery model, to estimate system failure probabilities specific to an
operanonal evet. These probabilities are then used in event tree madale that describe core damage sequences
nievant to the event. The event trees have been awpaadd bepad those used in the analysis of 19g4-91 events
to address festmas of the ASP =adale used to assess 1994 opershonal events (Ref 1) known to have existed in

the 1982-83 time penod.

A.1 Precursor Significance Estianstion

The ASP progreiperforms nuepstive analyses of operating expenence lhese analyses requue that certam .

|methadalogpcal assumpoons be made in order to estimate the risk signik- of an event. If one assumes,
following an operational event in wiuch core cooling was successful, that components observed failed were :

I

" failed" with probability 1.0, and compcessts that n=chaaM successfully were " successful" with probability
1.0, then one can conclude that the risk of core damage was zero, and that the only potential sequence was the
mubisation ofevents that occurred. In order to avoid such trivial results, the status of certam - a:-:-ats 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 dunng the operational event.

QuantiFcanon of precursor significance involves the determia=+ian of a conditional probability of subsequent-

core damage given the failures and other nadacirable conditions (such as an initiatmg event or an 9 - -; = 4
- -

reliefvalve challenge) observed durmg an operabonal evet. The effect of a precursor ce systems addressed in
the core damage madale is assessed by reviewmg the operanonal evet ,,. dis agamst plant design and
opersong mfor==han, and translatmg the results of the review into a revised model for the plant that reflects the
observed fadures The precursors's sigai&- is enh== tad by e=LWa= a conditional p obabihty of core
damage gives the observed failwes The conditional probability calml='ad in this way is useful in raninng
because it provides an estunate of the measure of protocuan agamst core damage remaming once the observed
failures have occured.

A.1.1 Types of Events Analyzed

Two ddimma types of events se addressed in precursor <r=**=*rve malysis In the fast, an ististag event such
as a loss of offsite power (LOOP) or small-break loss of coolant accident (14CA) oomrs as a part of the
precursor. The probabihty of core damage for this type of event is cat =I=aad based on the required plant
respomac toIbc paracular nutisting event and other failmes that may have oomned at the sane time. This type
ofevent includes the"wndowof' events subsetted for the 1982-83 ASP program and discussed in Section 2.2

of the main report.

The ==wl type ofevent involves a failure annan- that existed over a penod of time dunng winch an initiating
event could have, but did not occur. The probability of core damage is ententaead based on the requand plant

response to a set ofpostulated matissmg events, considerug the failures that west observed. Unhke an intiating
event ===a==aat, where a partzular mutistag event is ====nad to occur with probabihty 1.0, each ististag evet
is assumed to occur with a p;obability based on the istaatag event frequency and the failure durabon.

ASP MODELS
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A.I.2 Modi 5 cation of System Failure Probabilities to Reflect Observed Failures

The ASP models used to evaluate 1982-83 opershonal events describe sequences to core damage in terms of
combinations of mitigating systems success and failure followmg an initiating event. Each system nedel
scpresents those combmaamns of train or component failures that will result in system failme. Failures A 4
during an operabonal evet must be represented in terms of changes to one or more of the pNential fadwes
included in the system mariale

If a failed ~== pan =t is included in one of the trains in the system model, the failure is renar tal by settmg the
probability for the impacted train to 1.0. Parh= dant train failure probabilities are conditional, which allows"

potential - cause failures to be addressed. If the observed failwe could have occured in other simdar
mmpaname at the same time, then the syseen fadure probabihty is in::reased to i+a this. If the failwe could
not simultaneously occur in other - i--- :- (for example, if a wwt was removed from service for
rM4 maamma-), then the system failure pmbebility is also revised, but only to reflect the " removal" of
the unavailable component from the model.

If a failed 9- ;-:=^ is not specifically included as an event in a model, then the failure is aodressed by setting
elements impacted by the failure to failed. For example, support systems are not completely developed in the
1982-83 ASP models. A breaker failure that results in the loss of power to a group of components would be
iepiesented by setting the elements associated with each component in the group to failed.

'

Ore-anally, a precursor occurs that cannot be maMlai by modifymg probabilities in existing system models.
In such a case, the model is ievised as necessary to address the event, typically by addag evets to the system
model or by addressing an unusual initiating event through the use of an additional event tree.

A.I.3 Recovery from Observed Failures

The marinia used to evaluated 1982-83 evets address the potential for recovery of an stare 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 potenbal for recovery is addressed by assigning a recovery accan to each system failme and
initiating evet. Four classes were used to desabe the different types of short-term recovesy that could be
involved:

|
!

|

8 Later precursor analyses utilize Tune-Reliability Correlations to estimate the probability of failing to
recover a failed syuem when recovery is domiassed by operator action.
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1 Resevery erNo Reemry chareceertec
! Cines Recovery'

R1 1.00 The faihus did not appear to be recoverable in the required period, either from the control4

room or at the failed equipment.

R2 0.55 The failure appeared recoverable in die required period at the failed equipment, and the
egepusent was necessible; recovery fnum the control room did not appear poemble

'

R3 0.10 The failure appeared recoverable in die sequered period from the control room, but
i removery wee not routine or involved embatantial operator burden
i

R4 0.01 The failure appeared recoverable in die requued period from the control room and was
w rouaneand _; based.'

m

The assignment of an event to a recovery class is based on engmeenngjudgment, wiuch considers the specifics
of each operational event and the likelihand ofnot recovering from the observed failure in a moderate to high-

, stress situation following an initiating event.

Substanhal time is usually available to recover a failed residual heat removal (RHR) or BWR power conversion
systeen (PCS). For these systems, the nonrecovery probabilities listed above are overly conservative. Data in
Refs. 2 and 3 was used to estimate the following nonrecovery probabilities for these systems:

Sy.gsa o(sonrecovery)

BWR RHR systan 0.016 (0.054 if failures involve service water)

BWR PCS 0.52 (0.017 for MSIV closure)

PWR RHR system 0.057

It must be noted that the actual hkahhand of failing to recover from an event at a particular plant is difficult to
assess and may vary substanhally fross the values hsted. This ahidty is d=annetrated in the genume
differences in opmion among analysts, operations and man *mance personnel, etc., concerning the hkmHhand of
recoverms specific fadures (typecally observed durmg testag) wnhan a time period that would prevent core
damage followng an actual inmanns eveas.

A.1-4 Conditional Probability Associated with Each Precursor

As described earher in this appendix, the e=ladahan process for each precursor mvolves a decrmianhan of
mututors that must be modeied, plus any =arbremhnas to system probabihtnes necessitated by fadures observed

i

'Ibese nonrecovery probabilities are consistent with values specified in M.B. Rattiaan et al., " Methods
Improvas-mes Incorporated hao the SAPHIRE ASP Models," Proceed 6:gs of the U.S. Maclear Regulatory
Conesission nienty-Second Water Rescror Safirty hq/brmation Meerbig, NUREG/CP-0140, Vol.1, April
1995.
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| in an operational event. Once the probabilities that reDect the conditions of the ixw gscs are establiclwwl, the
sequeces lendmg to core damage are calculated to estimate the conditional probability for the precursor " Ibis

. calculational process is summarized in Table A.I.

! Sevaral simpli6ed e==-4 that illustrate the basics ofprecursor calculational process follow. It is not the intent
I of the examples to describe a detailed precursor analysis, but instead to provide a basic understandmg of the l

Process
1

) The 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 system A, B, C, and D. In Fig. A.1, the up branch
j repreamts success and the down branch failure for each of the systems Three sequeces result in core damage

| ife-- ; '-'--i sequess 3 [I /A ("/"wi systan success) B C], sequece 6 (1 A /B C D) and sequence 7 (I-

A B). In a conventional PRA approach, the frequency 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)]. ,.

: Assuming A(I) = 0.1 yr' and p(All) = 0.003, p(B[IA) = 0.01, p(C|I) = 0.05, and p(DllC) = 0.1,8 he frequency of |t

| core damage is determmed by calculating the frequency of each of the three core damage sequences and adding

j the frequencies:
;

j 0.1 yr' x (1 - 0.003) = 0.05 x 0.1 (sequence 3) +
; 0.1 yr' = 0.003 x (1 - 0.01) = 0.05 x 0.1 (sequence 6) +

0.1 yr = 0.003 x 0.01 (sequence 7)

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

= 5.03 x 10" yr'.
i

In a nammal PRA, sequence 3 would be the dommant core damage sequece

The ASP program calenlates a conditional probability of core damage, givcs: an initiadag event or 9:- -r-:=t
falures This probabihty is different than the frequency calculated above and cannot be directly compared with
it.

Example 1. Imtisang Event Annessment. Assume that a precursor involving intistag event I occurs In
response to I, systems A, B, and C start and operate correctly and systen D is not d==adad In a precursor
initiating event a-====e, the probabihty ofIis set to 1.0. Although systems A, B, and C was avre== Ail,
amnmal faihme yml,dslis are assumed. Since system D was not dansadad, a na==al fahre probainhty is
===nad for it as well. "Ihe aandieianal probabihty of core damage ==aarimead with precursor I is calaitaead by
summmg the aandseianal probabilities for the three sequences.

1.0 = (1 - 0.003) x 0.05 x 0.1 (sequece 3) +
1.0 x 0.003 x (1 - 0.010) = 0.05 x 0.1 (sequence 6) +

1.0 = 0.003 x 0.01 (sequence 7)

' The nommon p(B|IA) means the probatnhty that B fails, given I occurred and A failed.
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= 5.03 x 10-5;

:

| If,instead, B had failed whm demandal,its probability would have been set to 1.0. The conditional core damage
probability for precursor IB would be calculated as

1.0 = (1 - 0.003) x 0.05 x 0.1 (sequence 3) + 1.0 x 0.003 x 1.0 (sequence 7) = 7.99 x 10-5
| |

Since B is failed sequence 6 cannot occur.

Example 2. Condition Assessment. Assume that durmg a manshly test system B is found to be failed, and that
; the fahse could have occurred at any time dunng the mnath. The best estunate for the duranon of the failure is

| ane halfof the test pmod, or 360 h. To estunate the probability ofinitiatmg evet I during the 360 h penod, the
yearly frequency of f must be converted to an hourly rate. IfI can only occur at power, and the plant is at y.,wer
for 70% of a year, then the frequency for I is estunated to be 0.1 yr'/(8760 h/yr x 0.7) = 1.63 x 10-5 h '

i

j If, as in example 1, B is always demanded following I, the probability of1 in the 360 h period is the probability
i that at least one I occurs (siree the failure of B will then be discovered), or

1 1.ew % a . j . f ess.s '' = 5.85 x 10 5

!

Using this value for the probability of I, and setting p(B) = 1.0, the conditional probability of core damage for
'

; precursor B is calculated by again summmg the conditimal probabilities for the core damage sequences in Fig.
A.1:

,

:

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

; = 4.67 x 10-5

.

As before, since B is faSed, sequence 6 cannot occur. The conditional probability is the probability of core

i damage in the 360 h penod, given the failure of B. Note that the damment core damage sequence is sequence

| 3, with a conditional probability of 2.92 x 10-5. This sequence is unrelated to the failure of B. The potential
falure of systems C and D over the 360 h pmod still drive the core damage risk.,

!
To undested the mandicance of the faihst of system B, mineher e=1~1 +6. an importance measure, is requund.
The impostance measure that is used is equivalent to risk actuevanent worth on an interval scale (see Ret 4).
In this cal-l=eian, the increase in core damage probabihty over the 360 h period due to the faihme of B is;

5
estimated p(cd | B) - p(cd). For this example the value is 4.67 x 10'5 - 2.94 x 105 = 1.73 = 10 , where the
second term on the lea side of the equation is catal=*ad using the ,,.mhdy hek, ped probability of1 in thei

360 h pmod and naminal failure probabilities for A, B, C, and D.

1 For most conditions idemerGed as precursors in the ASP program, the importance and the conditional core damage

probabihty me msnmcally close, and either can be used as a sienine- measure for the precursor. However,

{ for some evets-typically those in wiuch the % that are failed are not the pnamy mitigatmg plant
i At-T. 6: cr=dmanal core damage probabihty can be sipincestly higher than the @e cs. In such cases,

it is important to note that the pneemtial faihat of other componets, unrelated to the precursor, are still,

dominatmg the plant risk.
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The importance mesure for unavailabilities (condition =====de) like this example event were prenously
Iiderred to as a "ande==al core damage probainhty" in ==al precursor reports before 1994, matead of as the

maesse in core damage probability over the durabon of the unavailatnhty Because the computer code used to
analyao 1982-83 events is the same as was used for 1984-93 evalunhons, the results for 1982-83 conditions are4

: also pr=== dad in the computer output in terms of " conditional probstmhty," when in actunhty the result is an
unpartance

.

j A.2 Overview of1982-83 ASP Models
!

: Models used to rank 1982-83 precursors as to 4, Ls consist of system-based plant-class evet trees and
==phnad plam-specdic systen models These models dmribe nabashan sequences for the follomag nut abag;

i events: a nr==penAc reactor trip [ winch includes loss of feedwater (LOFW) wittun the model), LOOP, small-
break LOCA, and steam generator tube rupture [SGTR, pressurund water reactors (PWRs) only). i.

Plant classes were defined based on the use of sinular systems in providing protective functions in response to
tran===ds, IDOPs, and small-break LOCAs. Systern designs and specific nomenclature may differ among placts

'

included in a puticular class; but functionally, they ne similar in response Plants where certam mitigatmg j.

i systems do not exist, but winch are largely analogous in their initiator response, are grouped into the appropriate ;

plant class. ASP plant categorization is described in the follomng secuan,

;

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

] which adequate core coohng is believed not to exist. In the ASP models, core damage is assumed to occur

; folkmag core uncovay. k is admowledged that clad and fuel damage will occur at later times, depmuhng an the

j minu used to ddine "dansge," and that time may be avalable so nsoover core coolag ance one uncovey occurs

i bw bets the assa of ces demge. However, this poemmel nuovery is not addressed in the 1.uulets Each event
tree desribes ==4==n== dsyman faikuu that will prevent core coolmg, and maisup if requand, in both the,

* short ad long tann. Prunny systens designed to prcmde these =rew== and ahamste systems capable of alson

perforunng these fu=*i== se addrased.

The models used to evaleses 1982-83 events == aider both add *w=al symemas that can prende core prr*=*w=
amiintumag events not inchmied in the plant class models used in the ======d of 1984-91 evets, and only

penaDy =4=t-1in the =======* of 1992-93 ovesas Rasponse to a fadum to trip the remotor is now addressed,

j as is an SOTR in FWRs. k PWRs, the pomanist ume of the insidsel bout removal systen tiEowhg a manu break
'

IACA (to avoid semp recnoulanon) is addressed, as is the poemeial removery of snoondaryweide coolms in the

; long tuna A Bowing the immunine of tad and bleed. In boihng water resstors (BWRs), the poesseial use of reamor

i case ischeion coobag (RCIC) and the control rod drive (CRD) sysema for unsiemp if a single relief valve slide
open is aldmused, as is the poemmel long-earm recovery of the power convenian sysema (PCS) for decay host
reasoval in BWRs. Thsee snodels better resect the e=pahimias of plant systemas in preventing acre damage.

.
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