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MEMORANDUM FOR: Atomic Safety and Licensing Appeal Board fer Rancho Seco

FROM: Thomas M. Novak, Assistant Director for Operating
Reactors, Division of Licensing, NRR

SUBJECT: BOARD NOTIFICATION (BN-82-75) - RANCHO SECO

This report presents the initial results of a program that was begun as a result
of one of the Lewis Committee recommendations following their review of WASH-1400,
the Reactor Safety Study. The Precursor Program uses Licensee Event Reports to
evaluate potential nuclear plant accident precursors occurring at operating reactors.
These individual plant precursors are then summarized to evaluate the risk (for a
particular time period) from all operating nuclear power plants., This seport
covers ths period from 1969 to 1979. The estimate is between 1.7 x 107" and

4.5 x 10-° per reactor year and includes contributions from three major events:

(1) the loss of feedwater and stuck-open relief valve at Three Mile Island Unit 2
(which actually resulted in severe core damage), (2) the loss of nonnuclear
instrurentation at Rancho Seco, and (3) the fire in the cable spreading room at
Browns rerry 1. This report was released as a progress report with the expectation
that some conclusions may need to be changed as the report undergoes continuing
peer review and public comment.

This information relates directly to issues on the prcbability of accidents for
nuclear power reactors. Since it estimates the probability to be much higher
than past studies, it may put a different light on the issue. I would like to
point out that this document does not represent an NRC position concerning the
probability of accidents, and is being furnished to you as background information,
The report is a contractor's assessment of the past (1969-1979) probabilities
based on the events and plant characteristics which existed during that period.

Approximately 85% of the total risk cited in the study should be mitigated by
the NRC required modifications resulting from.the events at TMI-2, Browns Ferry,
Crystal River and Oconee 3. (I.E. Bulletin 79-27). In addition, the upgrading
of the Auxiliary Feedwater System reliability and other generic improvements
should further reduce the total risk. The attached information refers to the
future work in this area.

Due to the size of this report ( 3" thick) only summary information is being
provided. Copies of the report are available as noted in the attachment.
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REPORT SUMMARY

The Accident Sequence Precursor study involves the review of Licenses -.-. -
Event Reports of operational events that have occurred at light-water
power reactors to  identify and categorize precursors to potentially sig-
sificant accident sequences. Accident sequences considered in the study
are those that counld lead to severe core damage, Accident sequence pre-
cursofs of interest are events that are important elements in a chain of
events (an accident sequence) possibly leading to core damage. Such pre-
cursors might be infrequent initiating events or equipment failures that,
when coupled with one or more postulated eveznts, could result iz a plant
condition leading to severe core damage,

A nuclear plant has safety systez equipment for zitigating accideats
cr off-acrmal ipitiating events thast may occur doring the course of plant
cperation. These safety systems are built to high quality and are redon-
dant; nonetheless, they have a defimite probability of failing or being in
a8 failed state when regquired to operate, This report uses LERs and other
plant data to calculate the nnavailability of plant safety systems, It
thea uses these calculated safety system unavailebilities and the expected
average frequency of initiating events (loss of feedwater, loss of offsite
power, loss-of-coolant accidents, and steam line breaks, also determined
when possible frum the precursors) to evaluate the end results of safety
system unavailability for two situationms:

1, Safety svstem failures withont iritiating events., Given an
LER-reported failure of a safety system or partiasl failures in several
systems, the report uses expected irnitiating event occurrence rates to
determine the number of initiating events that will challenge the failad
exd backup safety systems during the period the safety system is failed,
It multiplies the challenges by system failure probabilities, using ev-at
trees to evaluate the likelikood of the oversll evenmt sequence occurrisng.

2. Initiating event occurrences. Altkough standby safety systems
ere ideally always available, there is a statistical probability that
these systems will fail when called on to mitigate expected accident or
trapsient initiating events, Therefore, the report calculates the like-
likood of severe cores dazmage occurrence for each LER-reported initiating
event based on expected response (failure probabilities) of the safety
systezs, Failed or degraded safety systems existing at the time of the
initiating event are accounted for in the calculations,

The study effort has been divided into several tasks, which are de-
scribed in detail in later sections of this report, These tasks include
(1) selection of LERs for detailed review as precursors; (2) ip-depth re
view of those LERs; (3) identification, description, and categorizationm of
evants considered to be precursors; (4) selection of precursors considered
significant; and (5) subsequent analysis of the precursors to determine if
any trends or unique relationships exist among them, )

For this study, LER events were selected as precursors if they met
cne of the following requirements:

1. The event involved the failure of at least ome functiom required to
mitigate an initiating event of iaterest,

xi
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2. The event involved the degradation of more than one function required
to mitigate an initiating event of interest. : R

3. The event involved an unusual actual initiating event (e.g., s total- ~.--
loss of offsite power, a stuck-open primary relief valve, or snother
infrequent event).

Approximately 19,400 LERs concerning events that occurred during
1969-1979 were screened for accident sequence precursors according to the
sbove requirements. Of these, over 500 LERs (~3%) were selected for de-
tailed review,

All LFRs selected for detailed review were subjected to an imdepth
evalcation, which iacluded

1. & review of the accident sequence (if there was oze) as described in
the LER,

2. a review of the design of systems in the reactor plant reporting the
LER to determine the impact of the failure om the operation of these
systems, and

3. & review of the plant accident analyses to determine the extent to
which affected systems would be required to functiom for different off-
normal and accident conditioms.

As a result of this detailed review, 169 events were selected as ac-
cident sequence precursors, For each of these events, four items were
prepared: a sheet describing the event, a categorization sheet includizng
event- and reactor—specific information used in subsequeat analyses, and
two event trees. The first event tree describes the zctual occurrence as
reported in the LER and identifies the potential for severe core damage
stemming from the actual event, The second event tree describes a postu-
lated sequence of events that could have been affected by the actual re—
ported failures. A set of these four items for each of the 169 events is
included in Appendix B,

The failure information contained in the precursors was used to esti~
mate initiating event frequencies and fuactiom failure-on-demand probabil-
ities., This information was used, in copjunction with the precursor event
trees, to determine a measure of the probability of severe core damage
associsted with each event sequence. This probability is an estimate of
the chance of severe core damage givea the precursor event occurred im the
manner it did. These probability measures were then used to rank the pre
cursors., Fifty-two precursors with probability measures of 21C~* were
selected as significant,

The probabilities of severe core damege associated with the precur—
sors were also used to estimate the frequency of severe core damage per
reactor year for the years 19691979, This point estimate is between 1.7
x 10~ and 4.5 x 10-% per reactor yeer and includes contributions from
three major events: (1) the loss of feedwater and stuck-open relief valve
at Three Mile Island Umit 2 (which actually resclted in severe core dam—
age), (2) the loss of nonnuclesr instrumentation at Rancho Seco, and (3)
the fire in the cable spreading room at Browns Fezry 1. ke

These aoumbers are compared with other estimates from PRAs and from
the THI-2 event alome im Fig. 1.
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Fig. 1. Comparison of ASP results with other core damage estimates,

Subsequent analyses of the information included in the selected pre-
corsors resulted in the following additional comclusions:

1. Msny of the initiating event frequencies and function failure-om-
demand probabilities developed from operational event information
agree reasonably well (within a factor of 10) with the Reactor Safety
Study® median results,

2. A variation in the rate of occurrence of significant precursors per
plant as a function of plant age cannot be justified,

3. Differences do not appear to exist in the number of significant pre-
cursors observed between plant types and among reac¢or veandors, archi-
tect-engineers, and plant power ratings.

4., Approximately 38% of all significant precursors involved human error.-

These analyses did pot involve extreme statistical sophistication but
were first attempts to determine if trends were discernible in the se-
lected events. Changes =ade in reactor plant operation after the TMI-2
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sccident (particularly the potential use of high-pressure injection fol-
lowing auxiliary feedwater system failure and the ability to provide flaw ... .
from at least one auxiliary feedwster pump during a loss of ac power in
P¥Rs) are expected to reduce this estimate comsiderably im later years.

For reference, highlights of this study are summarized in Teble 1.

B

Table 1. Accident Sequence Precursor study highlights

Period covered 19691979
Total number of LERs searched 19,400
Number selected for detailed review 529
Number selected as precursors 169
Nuzber of significant events 53

A point estimate of the frequency of severe core damage calculated from
precursor information for the years 1969-1579 lies between 1.7 x 107°*
and 4.5 x 10™® per reactor year.

Reasonable agreement exists between ASP and Reactor Sacfety Study initiat-
ing event frequencies and fuuction failure probabilities,

No varistion with plant age can be demcastrated in the nomber of signifi-
cant events.

No apparent differences exist between plant types and among veadors,
sarchitect-engineers, and plant power ratings.

Reference
1. U.S. Nuclear Regulatory Commission, Reactor Safety Study: An

Assessment of Accident Risks in U.S., Commercial Nuclear Pover Plante,
WASH-1400 (NUREG-75/014) (October 1975).
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PRECURSORS TO POTENTIAL SEVERE CORE
DAMAGE ACCIDENTS: 19691979 M g e v ———
5 A STATTS REPORT

J. W, Minarick® C. A. Kukielka®

ABSTRACT

Descriptiocns of 169 operational evexts reported as Licensee
Event Reports, which occurred at commercial light-water reactors
during 19691975 and which are considered to be precursors to
potential severe core damage, are presented, along with associ-
ated event trees and categorizations and subseguent analyses,
The report summarizes work in (1) the development of methods
used to screen ~19,400 LER abstracts for potentiel precursors,
(2) the initial screenming of those ebstracts to determize which
should be reviewed in detail, (3) the detailed review of those
selected LERs that yielded the 169 events, (4) the categorize—
tion of the 169 events, (5) the calculation of function failure
estimates based on precursor data, (6) the use of probability of
severe core damsge estimates to rank precursor events and esti-
zate the frequency of severe core damage, (7) the identification
of §2 events considered significant, (8) trends analyses of
those significant events, and (9) the identification of the
other events of interest that occurred within 1 month of signif-
icant events.

1, INTRODUCTION

The Accident Sequence Precursor study imvelves the review of Liceasee
Event Reports of operational events that have occurred at light-water pow—
er reactors between 1969 and 1981 to ideantify and categorize precursors to
potential severe core damage accident sequences. This progress report
details this effort for 19691979 LERs. Al though Licensee Event Reports
were not required until =id-1975, event reports comparable to LERs existed
before the inception of the LER system and are considered to be LERs for
the purpose of this study. [The requirements of Licensee Event Reports
are described in Regulatory Guide 1.16 (Ref. 1).] VWork on the ASP study
began at the Nuclear Safety Information Center on June 15, 1579, in re=
sponse to FY-1579 Nuclear Regulatory Research Order 60-79-185, "Accident
Sequexnce Precursor Study" dated June 7, 1579, and subseguent orders,

The program was initiated, im part, because of conclusions contained
in the Biek Aseessment Review Group Report.? This report states "that
aridentified event sequences significant to risk might contribute . . .+ 8

eScience Applications, Inc.
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small increment . . . [to the overall risk]." The report recommends:
"It is important, im our view, that potentially significent (accident) se-

quences, and precursors, as they occur, be subjected to the kind of amaly~ '

sis contained im WASE-1400 [Ref. 3]. . . ."

Accident sequences considered in the study are those that could lead
to severe core damage. Accident sequence precursors of interest are
events that are important elements in a chain of eveants (an accident se-
quence) possibly leading to core damage. Such precursors could be infre—-
quent initisting events or equipment failures that when coupled with cne
or more postulated events, could result in s plant condition leading to
severe core damage.

Note that the results achieved in this report have been obtained
bas* ) on events reported in LERs and scbsequently selected as precursors.
Because of the ase of LERs, biases may have been introduced as a result of
differences in plani technical specifications and approaches to LER ze-
porting and of changes in LER reporting requirements over the period of
the study, These considerations may result in the failure to include cer—
tain events that under differenmt circumstances would have been selected
for inclusion. However, the events selected were more serious than most,
and it is expected that most of these would have been repcrted indepesn—
dently of small differemces in reporting requirements.

The ASP study effort has been divided into the following tasks:

1. selection of LERs deserving a detailed review as precursors;
2. detailed review of selected LERs;

3. identification, description, and categorization of events considered
accident sequence precurscrs;

4, selection of precursors that are considered significant; and

§, analysis of precursors to determinme if anmy trends or uanique relatiom
ships exist,

These tasks are described in detail in the follovin; sections,

References

1. U.S. Noclear Regulatory Commission, Regulatory Guide 1.16, Reporting
of Operating Information, Appendiz A: Technical Specifications,
Rev. 4 (August 1975).

2. U.S. Noclear Regulatory Commission, Risk Assesament Review Group
Report, p. 15, NUREG/CR-0400 (September 1978).

3. U.S. Nuclear Regulatory Commission, Reactor Safety Study: An Assess-
ment of Accident Riske in U.S. Commercial Nuclear Power Plante, WASE-
1400 (NUREG-75/€14) (October 1975).
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This report presents the initial results of a program that was begun

as a result of one of the Lewis Committee recommendations following their
review of WASHE-1400, the Reactor Safety Study. Ome of the committee's
review findings was that more use should be made of operational data to
assess the risk from nuclear power plants. The Precursor Program, per-
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at Oak Ridge National Laboratory and administered by the Nuclear
tory Commission, responds to this Lewis committee finding The Pre-
Pr uses Licensee Event Reports to evaluate potentia o
accid . e - n cperating reac:o::. ihe i
n i evaluate the risk
nuclear power plants,
released as a progress report with
some conclusions may need to be changed as the report
peer review and public comment., The next report
data) should reflect the risk from ncclear plants
and may show what effects new procedures and
(lessons learned) have had.
he documentation of 169 identified precursors and
aaalyses, the report estimates the {requency of severe
on the precursor information. It is a difficult problem
hle probability for severe core damage using limited
rience data from plants that have many significant phys-
onal differences among them., The authors of this report
for plant differences by using generalized (functional)
idual precursor evaloation, which in their quantifi-
cialized, as much as possible, to the particular plant,
ified methods are used to determine lnd quantify severe
Several aspects of this report are expected to
either conservatively or nonconservatively.
items are ex,ec ed to introduce a conserva-
respectively The remaining items may in-
nonconservative biases.
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The LER screening process may have overlooked precursors that should
have been included.

of the LERs in reflscting pertinent oper—
events is somewhat guestionable.

precursors are generic and may not ade-
axong plants,

ith plant-specific operational
lity of subsequent severe core

is
various i ] : use of event




statistics and generic initiating event and function failure probabil-

T—— ities.

The use of LERs to attempt to extract severe core damage probabilities, on
a scale and to the detail such as dome im this report, is unique. The
full meaning and limitations of the severe core damage calculations made
in this report are not clear. It is felt, however, tkat the report pro—
vides valuable information that can help validate or supplement probabil-
istic risk assessments performed on nuclear power plants., Much of the
basic data and information needed for additional calculations or infer—
ences of reactor risk by the reader is included in the report. As men
tioned, this report will be followed by other reports that will evalunate
LERs in the 198(—1981 time pericd and also will provide further amalysis,
refinezent, and practical use of the basic data contained within this re-
port.

Reader comments and suggestions are earnestly solicited and should be
sent to the Chief, Reactor Risk Braanch, Division of Risk Analysis, at the
address below,

R, M. Bernero, Director

Division of Risk Analysis

Office of Nuclear Regulatory Rescarch
U.S. Nuclear Regulatory Commission
Washingtoz, DC 20555
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The work reported here was godertaken by the Nuclear Operations Anal= —-= -
ysis Center at Oak Ridge National Laboratory om behalf of the Division of
Risk Analysis of the Nuclear Regulatory Commission. The FY-1982 NRC tech-
pical momitor, F. M. Maaning, succeeded M, A, Taylor, who was technical
monitdr until his reassignment in November 1981, The work on accident
sequence precursors was ipitiated early in 1979 with R, L. Scott as pro~
ject manager, assisted by the aunthors of this report. However, when Scott
wes resssigned in July 1980, J. W. Minarick became acting manager and has
retained that role since, Both Minarick azd C., A, Eulkielka are Science
Applications, Imc., exployees and perforzed their work under subcontract
to NOAC. Mos: of the work was performed at NOAC officss because of the
availability of relevent documents and technical support. The traizizg
and background of these authors well qualified them for the task,
Minarick, an electrical engimeer, has had 12 years of reactor systems ex~
perience, including § years on Admiral H. G. Rickover’'s staff and 3.5
vears with Babcock & Wilcex Company. Kulkielka, who received his M.S,
degree in auclear engineering in 1975, had 2 years' prior experience with
the U.S. Army nuclear program before joining SAI in 1979.

This status report covers the first 2.5 years of effort., The work
involved (1) development of selection criteria for the jidentification of
those reactor events that are precursors of potential severe core daxmage,
(2) application of these criteria against all the licensee event reports
that have been received since 1969, and (3) detailed analyses of the se~
lected events. This report covers the work completed for LERs submitted
during the 1l-year period from 1969 to 1579. Although the NRC has pre-
viously reviewed the selection criteria and the events selected, it has
not been directly involved in the application of these criteria agaiast
the existing LERs, This task has been performed entirely by the NOAC
staff, using its best judgment in doing so. VWhile this judgment reflects
many years of experience in reactor design, reactor operations, and sys—
tems evaluations, the process is subjective, and not all specialists will
secessarily agree with cvery event selected and/or omitted.

This report deals ozly with historical data and, at this point, with
minizmal statistical interpretation, The TMI-2 accident is responsible for
ebout half the core damage frequency value estimated herein, Yet, could
one say — given the conditions of early 1879 — that the frequency of =
TMI-2-type accident at that time was once every 4 years Or once every 100
years? Furthermore, the same selection criteria that were unsed in this
study would also have been applicable hed the top event been severe fuel
cladding fasilure, severe core damage, or core meltdown, In any event, the
meny changes that have occurred in nuclear plant design and operation
since 1979 are expected to scbstantially reduce the future probability of
all such events.

Continuing work on tkis program is expected toO include:

e an assessment of the sncertainty inm the core damage probability calcu~
lations (a simplified spproach, based or the fact that TMI-2 has been
the only true core damege statistic, indicates the report estimate
could be too low by s factor of 2 to 3 or too large by cme or two
orders of magnitude) and



e a calculation of the probability of severe core damage accidents based
on the ~7500 LERs submitted in 1980 and 1981, R

Inevitably, the results of this report will be compared with the data ~--. -
in the Reactor Safety Study (WASB-1400) and other probabilistic risk as—
sessment studies., Although the casucal reader may interpret the Accident
Sequence Precursor study results as incompatible with other core damage
estimates, it is quite likely that because of the statistical uncertainty,
no significant difference exists. That, of course, remains to be demon
strated.

In conclusion, I direct your attention to the various trends analyses
included in this report, Although the statistical precirion is not great,
the trends are of considerable izterest., In any event, the results pre-
sented here indicate how very important it is that the operating experi-
ence be analyzed for trends that a more casuval surveillance of such exper
ience might not reveal,

¥m, B. Cottrell, Director

Nuclear Operations Analysis Center
P.0. Box Y
Oak Ridge, TN 37839
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