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ABSTRACT

The Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, spon-
sored the Equipment Qualification Research Program which performed a survey of
applicabie severe accident study reports to aid in focusing the program efforts. The
objective of the survey was to identify, where possible, equipment and components
that have been predicted to be significant contributors to high probability accident
sequence resulting in severe core damage. A summary of the results of the survey
is presented in Tables 1 and 2 of this report. Future updates of this report are antic-
ipated as applicable risk study reports become available.

NRC FIN No. A6322—Equipment Qualification Research Program
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SUMMARY

To aid in focusing the efforts of the Nuclear
Regulatory Commission (NRC)-sponsored Equip-
ment Qualification Research Program, a study
(Identification of Equipment and Components
Predicted as Significant Contributors to Severe
Core Damage) of available reference reports per-
taining to severe core damage situations was per-
formed. The purpose of the study s to identify
equipment and components which, based on the
reference reports, are predicted to be significant
contributors to the dominant severe core damage
accident sequences.

No reference reports could be identified which
address risk directly and also provide the capability
to identify specific equipment and components. As
a result, the available reports which were used in
the study address dominant or most probable acci-
dent sequences up to the point of severe core
damage. A listing of the reference reports utilized
is presented in Section 6.

The Accident Sequence Evaluation Program
(ASEP) and Accident Sequence Precursor (ASP)
study reports are the primary references that we-c¢
used. ASEP utilizes the probabilist.. risk assess-
ments (PRA) for various plants to determine the
likelihood of severe core damage and evaluate the
significant contributors for ezch dominant accident
sequences (DAS) on a plant by plant basis. Approx-
‘mately 10 to 14 DAS were anaiyzed for each of the
six pressunized water reactor (PWR) plants and four
boiling water reactor (BWR) plants included in the
study.

The ASP studies utilize the licensee event report
(LER) as the basis for the accident initiating
(precursor) event. A series of subsequent events are
then assumed, and an event tree is generated using
the precursor as the initiating event. Those
sequences res-lting in predicted severe core damage
were then used to identify the equipment and com-
ponents contributing to each sequence.

iii

A number of other references were also reviewed.
Although the majority of these references provided
support and confirmation of the equipment and
components identified from the ASEP and ASP
reports, they did not provide sufficient information
to identify specific equipment and components.

Tables 1 and 2 present a summary listing of the
equipment and components identified as predicted
significant contributors to severe core damage.
Categories of valves, pumps, electrical, instruments,
maintenance and test, human error, and weather
have been used to group the findings. The non-
equipment categories of maintenance and test,
human error, and weather have been included to
provide interface information on how equipment
and component performance can be affected. A
discussion in this regard is provided in Section 4.

Tables 1 and 2 also provide a coarse comparison
of the equipment and components identified by the
ASEP and ASP studies. Similar equipment and
componerts have, in general, been identified by
both stedies.

Because both the ASEP and ASP studies are
Limited to severe core damage, and because results
of reference studies relating severe core damage ‘o
risk are not completed, certain equipment and cora-
ponents which would be identified between severe
core damage and risk (release from containment),
such as purge vent and containment isolation valves,
have not been identified by this study. Additional
work will be required on this study to include these
types of cquipment and components in updated ver-
sions of this report. This can be accomplished as
soon as appropriate reports from such NRC spon-
sored programs as the Severe Accident Sequence
Analysis (SASA) and Severe Accident Risk Reduc-
tion Program (SARRP) are available.
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IDENTIFICATION OF EQUIPMENT AND
COMPONENTS PREDICTED AS SIGNIFICANT
CONTRIBUTORS TO SEVERE CORE DAMAGE

INTRODUCTION

This study is sponsored by the Nuclear Regulatory
Commission to aid in focusing the Equipment Qual-
ification Research Program (EQRP) efforts toward
equipment and components (e/¢) that have been
predicted to be significant contributors to the prob-
ability of severe core damage (SCD) or core damage
and core melt (CD/CM) situations for dominant acci-
dent sequences (DAS). This study has been limited
to identifying equipment and components to SCD or
CD/CM situations because reference reports relating
e/¢ to consequences and/or risk are not complete

and/or available. The CD/CM or SCD restrictions
imposed on this study by the unavailability of risk-
oriented reference reports and limited data for the
reference reports will result .n the omission of some
critical containment integrity e/c items such as: con-
tainment purge-vent and isolation valves. Subsequent
EQRP rescarch efforts will use the results of this study
to focus on specific equipment and develop recom-
mendations for qualification studies aimed at
upgrading qualification methods to improve e/c per-
formance and reduce their contribution to DAS.

INFORMATION SOURCES

Available reports for severe accident studies were
used to identify the ¢/¢ predicted to be significant
contributors to CD/CM. A list of these reference
reports is presented in Section 6. The Accident
Sequence Evaluation Program (ASEP) draft report
for work performed at the Idaho National
Engineering Laboratory (INEI )! and the Accident
Sequence Precursor (ASP) status repons:v‘
provided the major portion of the information for
this study. These reports were used as the primary
references because, in general, they included
sufficient information to:

e Provide identification of e/¢

e  Provide a coarse comparison between the
e/¢ identified by analysis (ASEP) and
experience (ASP)

e Provide information for a sufficient
number ot plants to permit the results to
be considered reasonably representative of
all plants. For example, ASEP analysis was
for six pressurized water reactors (PWRs)
and four boiling water reactors (BWRs) as
opposed to the Seismic Safety Margins
Research Program (SSMRP) which is plant
specific to Zion. The ASP studies address
Licensee Event Reports (LERs) from a
large cross section of plants.

Other reference reports listed in Section 6 were
reviewed for content to appraise usefulness and
applicability to this study and to see if they provided
results essentially in agreement with the ASEP and
ASP information. Most of these reports contained
information supportive of the ASEP and ASP
results but did not provide sufficient information
to permit identification of specific e/c.

EQUIPMENT AND COMPONENT IDENTIFICATION METHOD

To aid in focusing the EQRP efforts, a composite
summary comparing the significant ¢/c¢ identified
using the ASEP and ASP study results was prepared
for PWRs and BWRs. This summary is presented
as Table | (PWR systems) and Table 2 (BWR
systems) of this report. The methods used by this

study to identify the listed e/¢ are discussed in detail
in Appendixes A and B.

Briefly, the e/¢ identified using the ASEP study
results were determined on a plant by plant basis
for each DAS identified for each plant. A numerical



Table 1. Summary: predicted significant contributors to core damage and/or core meilt
sequences for PWR systems
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Table 1. (Continued)

Equipment

Component

Category Based on ASEP Analysis® Based on Precursor (LERs) S-ty_dicsb
Test and e Motor operated valves T&M (10) ® Discharge valve select switches
maintenance * Pumps: vacuum and turbine T&M (6) improperly set
(T&M) ¢ Electrical breakers closed T&M (1) e Cavitation emergency feedwater (EFW)

Human error

* AFWS insufficient flow T&M (1)

¢ Equipment alignmen:, position or actua-

tion in; HPRS, valve position, low
pressure recirculation system (LPRS),
containment plugs, AFWS,

¢ Improper timing (too soon, doesn't
establish) on high pressure recirculation
system (HPRS), feed and bleed,
recirculation.

® Insufficient emergency DC battery
charge

suction port; wrong procedures

e Transformer overload trip: other
transformer out for inspection

* LOFW; AFW pump out for repair,
motor control center out for inspection

e Operator opened main feed breaker
erroneously

¢ Operator opened main tie breaker
instead of auxiliary

* Relay opened when bumped by worker

¢ Operator actuated breaker at wrong time

® Failure to properly reset AFW pump
breaker caused loss of feedwater
(LOFW)

* Loss of offsite power (LOOP) caused by
spurious signal on maintenance switch of
115 VAC power

¢ LOOP caused by procedural error; trip
circuits not faulted

® LOOP caused by premature manual trip

¢ LOOP caused by improper switching

* LOOP caused by incorrect under voltage
setpoints for safety buss

* Fuses not installed; cause feedwater
(FW) pump to fail to start

¢ Instrument dummy test loads cause
erroneous signals and possible loss-of-
coolant accident (LOCA)

® HPI flow incorrectly reduced with
PORV
stuck open Three Mile Island Unit-2
(TMI-2)

® PORV’s stick open during heatup;
technician removed recorder fuses

¢ Misunderstood instructions cause
erroneous containment spray actuation

¢ I[mproper instrument route causes diesel
generator (DG) to fail to start

® Scram caused by accidental grounding of
hydrogen analyzer

¢ Steam dump valves stuck open; air
dampers in wrong position.



Table 1. (Continued)

Equipment

Component

_Category Based on ASEP Analysis? Based on Precursor (LERs) Studies?
Weather (Category not include-7 1 ASEP Study) Loss of offsite power caused by .

® Lightning strikes (3)

¢ Electrical storms (2)

® Hurricane or tornado (3)

® External grid disturbance (1)

e [ce storm (1)

Loss of feedwater caused by ice (1)

a. Reference 1, the ASEP report on which this data is based considered six PWR plants (Arkansas
Nuclear-1, Calvert Cliffs-2, Oconee-3, Crystal River-3, Sequoyah-1, Surry-1) and four BWR plants (Browns
Ferry-1, Grand Gulf-1, Millstone Point-1, Peach Bottom-1).

b. The Precursor Studies are based on the 1969-1979 Status Report (NUREG/CR-2497)2 and 1980-1981
Status Report (NUREG/CR-3591).3

¢.  Numbers in ( ) indicate the number of occurrences found for each item.

Table 2. Summary: predicted significant contributors to core damage and/or core melt
sequences for BWR systems

Equipment
Component Based on ASEP Based on Precursor Studies
~ Category (PRA Analysis)? (LER Experience)P
Valves ® Safety relief valves (SRVs) (fail to reseat) ® Primary relief (5)
® Hardwater failure outlet valves and pipes ® Main steam relief (2)
¢ [ OOP; minimum bypass valve (fail to ® Auto depressurization system (2)
close) ® Steam supply (1)
* MOV isolation condenser makeup (fail  ® Turbine stop (1)
to open) * [solation (torque switch) (1)
® Scram discharge vent (1)
® Solenoid control valve and regulator (2)
Pumps (No severe accident sequences involving ® Feedwater pump failure (vibration) (1)
pump failures predicted by ASEP)
Electrical ¢ Circuit breaker fails (open or close) (7) ¢ Blown fuse; ““no break’’ power panel (1)

¢ Circuit breaker fails (no output) (3)

® Step down transformer (local fault) (2)

¢ Undervoltage shutdown printed circuit
(PC) board (3)

¢ Failure to recover offsite power (5)

* Auxiliary turbine trips; improper
alignment (1)

® Electrical connector; reactor coolant
isolation cooling (RCIC) turbine
tachometer (1)

® Tachometer limit switch faulty; RCIC (1)

* Tachometer circuit resistor failed; RCIC
(n



Table 2. (Continued)

Equipment
Component Based on ASEP Based on Precursor Studies
Category ~ (PRA Analysis* : ___ﬁ(_L_E:E?_xpgﬁgn_gg)va

Instruments  ® Reactor low pressure switch; calibration @ Reactor water level signal; calibration
e Control circuit bypass valve: no output
¢ Common mode logic failure; reactor
protection system (RPS)

Systems and  * Diesel generator fails to start (8) e High pressure coolant injection (HPCI)
miscellaneous ® Gas turbine generator fails to start (1) auxiliary oil pump; broken oil line
equipment ® Insufficient makeup to primary coolant
system (PCS) (1)
® Control rod failure; 3 adjacent
assemblies (1)

Maintenance * RCIC MOVs opened (or closed) T&M ¢ HPCI and RCIC improper calibration

and test (8) procedures (1)
o Standby service water system (SSWS) ® Service water intake blocked: sea life (1)
MOVs opened (or closed) T&M (5) * HPCI and RCIC loss due to AC power
* SSWS pump down for maintenance (1) loss (1)

® Failure to restore T&M fault (2)

Human error Operator fails to; * Leakage through ceatrol valve; Ny
* Initiate standby liquid control system pressure set too high
(SLCS) (2) * L OOP; worker bumped relay
¢ Initiate control rod insertion (2) ¢ LOOP; power busses not tied correctly
¢ Open isolation condenser makeup valve ® LOFW; candle flame leakage test; cable
() tray fire
¢ [nitiate torus cooling (1) ¢ Differential power relay set incorrectly

® [nitiate depressurization system (2)
® Start any high pressure service water
system (1)

Weather (Category not included in ASEP Study) * LOOP; salt buildup on nsulators and
electrical lines.

a. Reference 1, the ASEP report on which these data are based considered six PWR plants (Arkansas
Nucleai-1, Calvert Cliffs-2, Oconee-3, Crystal Kiver-3, Sequoyah-1, Surry-1) and four BWR plants (Browns
Ferry-1, Grand Gulf-1, Millstone Point-1, Peach Bottom-1).

b. The Precursor Studies are based on the 1969-1979 Status Report (NUREG/C R-2497)2 and 1980-1981
Status Report (NUREG/CR-3591).

¢. Number in ( ) indicate the number of occurrences found for each item.
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scope of EQRP, they were included in Tables |
and 2 to provide irsight and interface information
between the e/¢ and the effects on equipment per-
formance due to human and nature interactions.
Occurrences such as (a) accidental grounding of
hydrogen analyzer system causes scram or
(b) instrument dummy test load causes erroneous
signals and possible LOCA, are examples of situa-
tions which ¢/¢ must withstand without failure or
degradation of performance. The potential occur-
rence of these situations should be included in the
consideration for equipment qualification criteria.
A summary of the major non-equipment observa-
tions identified from the ASEP and ASP studies
which could influence equipment gqualification
research requirements is described in the remainder
of this section.

Test and Maintenance (T&M): Virtually all
of the 2quipment, components, and systems
summarized in the major e/c items above
appear in the T&M category. Some of the
observed causes for predicted significant con-
tributors due to test and maintenance (T&M)
are:

Hypothesized failure of alternate component
while primary component is out for T&M or
repair.

Failure to provide function (such as LOFW)
because multiple inspection and/or repair
actions on required subsystems are being
performed simultaneously.

Improper alignment of valves, switches, or
similar equipment causes failure of given system
to perform,

Improper procedures

Human Error: A large number of the predicted
significant contributors to CD/CM situations
can be attributed to human error. Taken from
this study as an individual category of con

tributors, human error appears to be the largest
single contributor to CD/CM. Some details for
the major human errors identified by the ASEP
and ASP studies are presented in Tables |
and 2. A summary of these errors is;

Improper alignment of equipment (improperly
positioned valves, incorrect generator
alignment)

Improper timing and actuation (establishment
of feed and bleed or recirculation too soon or
late)

Improper application of procedures (battery
charge low)

Failure to operate or erroneous operation of
equipment by operator (failing to initiate
control rod insertion)

Inadvertent equipment operation (bumping
breaker, causing it to open)

Improper calibration, set points, or use of
dummy loads (dummy test loads causing
erroneous signals)

Incorrect wiring assembly of system or equip-
ment (power busses tied incorrectly; LOOP)

Spurious signals (115 VAC maintenance switch
causing spurious signals; potential LOOP)

Misunderstood instructions (cause undesired
initiation of containment spray).

Weather: The category of weather was not
specifically included in the ASEP study because
ASEP was 'imited to internal events occurring
regardless of the external initiation. For those
weather related events appearing in the ASP
precursor study, the major effects on the plants
that were noted are:

Loss of offsite power (1L OOP) caused by light-
ning, storms, and salt buildup on electrical
insulators (caused by ocean water)

Loss of feedwater (LOFW) caused by ice
formation

Steam dump valves fail 1o open due 1o cold
weather; air dampers incorrectly positioned.

The information presented in this section to this
point has been oriented toward the information
presented in Tables | and 2 and derived from the
ASEP (Reference 1) and ASP (References 2 and 3)
studies. Appendix A provides a discussion of the
selection methods used to identify the ¢/¢ based on
the ASEP studies. Table A-4 presents a sample of
the main events associated with the DAS as well as
the probabilistic risk assessment (PRA) identifica-
tion number for each ¢ ¢ associated with each main



event. In general, the PRA dentification number,
whicih identifies a basic event in the PRA, can be
used to trace through PRA documentation and
drawings to identify specific e/¢ details such as
manufacturers, model numbers, and other pertinent
information for the specific item identified. The
PRA identification number for cach ¢/ ¢ item iden-
titied by thi-  dy is given in the compilation of
summary sheets . able A-5).

Appendix B provides a discussion of the selec-
tion methods used to identify ¢/¢ based on the ASP
studies. The Nuclear Safety Information Center
(NSIC) accession number tor each e/¢ is given in
the compilation of summary sheets provided as
Table B-2. The accession number provides trace-
ability to specific plant, L ER, and other details
required for identification of specific e/¢c (see
Exhibit B-2 for example).

Reference 4, summarizes and delineates the cur-
rent major ASEP findings and insights regarding
light water reactor (L WR) accident sequences and
containment responses tor both PWRs and BWRs.
Briefly, Reference 4 addressed PRA accident
sequences with revised baselines using PRA group-
ings by like characteristics and employing the most
current accident sequence insights and progression
uncertainties. It also addressed variations in con-
tainment design and the potential impact on con-
tainment response. However the accident sequences
were only analyzed to the svsiem level, and details
pertaining (o the identification of ¢/¢ were not pro-
vided. As a consequence Reference 4 report results
were used for reference and to complement the
results provided by Reference 1.

Reference &, the Brookhaven National
Laboratory (BNL) report, is a seismically oriented
study and feasibility analysis that s intended to pro-
vide a list of seismically risk sensitive systems and
equipment for representative plants. The plant
maodels are intended 10 be for generic hybrid plants,
The PWR model consisted of modified event trees
from Surry-One (Wash 1400) and fragility data
from Zion (SSMRP), and the BWR model consisted

of event trees from Peach Bottom and fragility data
for Ovster Creek. Based on the PWR and BWR
hybrid plant models assembled trom this informa-
tion, the BNL study derived a hist of seismically risk
sensitive systems and equipment. A summary listing
of the derived systems and equipment excerpted
from Reference 5 is presented in Table 3. Almost
all of the items listed in Table 3 also appear in
Tables 1 and 2. A few items that are seismically sen-
sitive exceptions are soil failure/ slab uplift, storage
tanks, and buried condensate pipes. Althouzh the
BNL study results do not provide a complete generic
risk ordered list of equipment that can be applied
directly to specific plants, a good comparison with
the results derived fiom the ASEP and ASP studies
as shown in Tables 1 and 2 is provided. In this
regard the BNL results provide valuable confir-
matory information and lend confidence to the
items listed in Tables | and 2.

NUREG/CR 3428 identifies wems that are
important to risk:  electrical equipment failure and
the indirect failure of mechanical equipment (i.e.,
caused by building failure).® Based on discussions
with Dr. Michael P. Bohn of the SSMRP the
following items important to risk were identified:

¢ Pipe failures between buildings

®  FElectrical busses and relays in onsite
emergency AC power systems

*  Safety and relief valves

®  Reactor protection system failures.”

References 8 and 9 were also reviewed as part of
this study. These LER summaries for pumps and
valves provided additional details to complement
the information presented in the ASP reports
(References 2 and 3). References 10 and 11 also
provided information which essentially com:
plemented the ASP reports. References 12 and 13
were reviews of ine ASP studies and did not pro-
vide additional information to identify e/¢.

RESULTS AND RECOMMENDATIONS

The results of this study are to focus the efforts
of EQRP on e/¢ which have been identified as
predicted significant contributors to SCD condi-
tions. The desired objective, to identify significant
contributors to risk, could not be fully achieved

because the required risk reference studies are not
completed, do not provide the required detail, or
(s is the case with References 1, 2, Yand 4) do not
provide information beyond SCD. From this stand-
point, future additions must be made 1o the ¢/¢



Table 3. Saismically risk sensitive systems and equipment identified by Brookhaven
National Laboratory feasibility study
Fquipment
Component
_ Category Based on BNL Feasibility Study

PWR Systems

PWR Components

o Emergency power systems; diesels, DC busses and batieries
® Auxiliary feedwater svstems; storage tanks

o Containment heat removal systems; electric pumps

o High pressure injection/ recirculation; service waler pumps

® Service water pumps

and Equipment ® Pipes; buried condensate
¢ Pumps and turbines
® Pipes
® Tanks

PWR FEvents ® Loss ol offsite power

BWR Systems and
Associated
Components

® Soil failure/slab uplifi

® Core spray injection; nozzles, valves and electrical relays, cables and breakers

® High pressure coolant injection; valves and electrical cables, relays and
pressure switches

® Reactor core isolation cooling; vaives and electrical cables relays and pressure

switches

® Reactor protection system: valves
® High pressure service water; valves
* Emergency service waier; relays

listings presented in Tables | and 2 to include
significant contributors that are identified between
SCD and risk. Identification of containment -related
items such as cooling tans, purge vent valves, isola-
tion valves, and other release control ¢/¢ must be
made by studies that are risk oriented.

The general categories of ¢/¢ resulting from this
study, and listed in Tables | and 2, have been com-
piled from both analysis and experience studies
(Reterences 1, 2 and 1) which addressed specilic
plants on a plant by plant basis. Based on the coin-
pilation summary tables presented at the back of
Appendizes A and B, traceability to specific ¢/¢
details such as manufacturer, model number, etc.
is possible in most cases. Presentation of the study
results in this fashion provides a general listing as
well as a compilation of plant specific details which
can be modified or made larger as more informa-
tion becomes available (particularly risk orented
information). If properly updated, Tables | and 2

® Low pressure coolant injection; valves and relays.

and the compilation summary tables can provide
a means of focusing the EQRP efforts and provide
a method to trace desired e ¢ specific details.

An abbreviated form of Tables | and 2 has been
used to compile a list of e/¢ for which past qualifica-
ton test details from conmercial testing laboratory
files are desired. As part of FQRP, a data search
contract has been awarded to a commercial testing
lab. The preliminary ¢/¢ list (Tables | and 2) were
used in the preparation of the work scope for this
contract. Similar use of the results of this study will
be made for other identified FQRP research

projects.

It s recommended that additional efforts be
expended on this study to wentify ¢/¢ that con-
tribute to the probability of public risk due to con-
talnment release. As results of studies directed
toward the public risk  containment release become
avalable, identified ¢ ¢ items should be added o



or deleied from Tables | and 2. Currently EQRP
15 researching purge vent and containment isolation
valves which are in this category.

It shouid also be noted hat continuing efforts

are in place for the ASEP and ASP studies. The
ASEP work used for this study was based on the

draft report which analyzed six PWRs and four
BWRs. ASEP studies on additional plants are in
process and, when they are completed, the results
should be factored into Tables | and 2. A similar
eftort should be made with regard (o the ASP study
ol LERs,
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APPENDIX A
EQUIPMENT AND COMPONENT SELECTION METHODS FOR
ACCIDENT SEQUENCE EVALUATION PROGRAM (ASEP) PREDICTED
SIGNIFICANT CONTRIBUTORS TO SEVERE CORE DAMAGE

Presented in this appendix are details pertaining
to the references and methods used for the iden-
tification of the equipment and components (e/¢)
determined to be predicied significant contributors
to the hikelihood of core damage and/or core melt
(CD/DM) situations based on the Accident
Seauence Evaluation Program (ASEP) results, A+
A summary of the identified ¢/¢ has been presented
in Tables | and 2 of the main body of this report,

Figure A-1 presents a sraphic representation of
portions of the ASEP report results that were used
and the summary listings developed to derive the
e/¢ listings presentea in Tables | and 2. Because of
the large volume of records involved, only samples
of some of the (ASEP) documentation are
presented.

Table A-1 presents a listing of the dominant acci-
dent sequences (DAS) identified for the Arkansas
Nugclear One plant (ANO-1) picked at random for
this example. The probability 1o CD/CM values
presented are based on the ASEP reports (Refer-
ences A-1 and A-2) and the probabilistic risk
assessments as described in Reference A-1. Some
differences in the probabilities predicted by these
efforts is evident. ASEP essentially used the PRA
information with some changes to discount recovery
actions and other similar occurrences. ASEP used
the same PRA information but included different
baseline information as described in Reference A-2.

Because ASEP (Reference A-1) was the only
study which provided sufficient information to per-
mit the tracing and identification of individual
specific e/¢, the probability values presented for it
were used in subsequent analyses as a means of
selecting important events and equipment.

Table A-2 presents the ASEP events and
associated event importance for the DAS example
(1.2)D1 for the ANO-I plant. A similar table is
presented in Reference | for each of the 14 DASs
identified by ASEP for ANO-1. For the purposes
of this EQRP study, only the ASEP events with an

13

importance of approximately § x 102 101 x 10°!
and greater were used for each DAS.

Table A-3 presents a composite tabulation of the
DASs and ASEP main event importances as taken
from Tables A-1 and A-2. The purpose of the
Table A-3 tabulation is to provide a means of
gathering the ASEP events associated with each
DAS for ANO-1, and ranking the events based on
the DAS sequence probability, the importance fac-
tor, and the number of DASs containing each
ASEP event. The numerical value derived for the
ranking has no significance other than the ranking
of ASEP events for a given plant relative to one
another. The ranking value shown at the right-hand
side of Table A-3 is simply the sum of all the prod-
ucts of the DAS probability and importance factor
for ail the DASs contained in the ASEP event.

Table A-4 presents a sample of the ASEP events
and associated e¢/¢. The total unavailability and the
unavailability for each e/¢ is also given. Using the
ASEP event ranking as shown in Table A-3, thee/¢
associated with each ranked main event was iden-
tified and an equipment category assigned (see notes
on Table A-4). The e/c categories assigned are;
valves, pumps, electrical, instruments, systems,
maintenance and test, and human error. Weather
was not included in the ASEP analysis.

Table A-5 presents the summary listings for the
e/¢ categories that were identified by the ASEP
study for the six PWR and four BWR plants. The
ASEP event identification and a general description
of the e/¢ is presented. The event 1D provides
traceability to the ASEP study and, if required, the
PRA identification number provides traceability to
reference PRA documentation so that the specific
component involved can be identified. The amount
of information available for the specific component
varies from PRA to PRA. However, for most PRAs
the component manufacturer, model number and
other specific information can be determined. The
summary tabulations presented in Table A-S were
used to derive the e/¢ items presented in Tables |
and 2 of the main body of this report.
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List ASEP dominant accident
sequences for each plant.
(Table A-1)

|

Determine ASEP event

importance factors for

main events for each
DAS. (Table A-2)

|

Develop table of main
events for DASs for each
plant. Rank each main
event, (Table A-3)

|

List equipment and components
contained in higher ranked
main events for each
plant. Assign equipment and
component category for higher
ranked contributors, 1.e.,
valves, pumps, etc. (Table A-4)

1

Assemble summary tables

of ranked equipment and

components by categories,
(Table A-5)

Figure A1 Graphic representation—ASEP equipment and components selection method.
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Table A1, ASEP dominant accident sequences
Plant.: ANO Type PWR PRA Method: Interim Reliability Evaluation Program (IREP)

provas i) ity"
Dominant Accident - —
Sequance Acrongm  _ Beief Description  ASER/EGE"  ASER/SMS  _ PRA_ Comment
1. 1.7 % 105 (& 301008 (2) 2.8 x 10°8 (1) Smel) LOCA
BL1.2)0y 3-‘. “‘ur'muro X (%) .

WIS fariure

82104 Seal or ruptur 1.6 2 108 (8) &5 % 100% () &6 2 0078 (2)  Smal) L0CA
and resctor bullding
“;a uu system

TLOP )LD Y Transient; (00F; fatlure 1,02 t0°% (8) 40« 1008 (&) 9.9 x 10°% (1)
powRr CONVErSion, emer.
fordwater system
m{ WP1S, reactor
butlding cooling system
(RBCS) and KBSIS systems

- - & {1
am Pipt ture 1.7 to 1.0 x 0% (1) 1.8 & Wl (1) 1.4« 1078 (12)  Smel) LOCA
e 4 %'."S'mn pressure

recirculation system

(WPRS) fatlure

(DO )LD ¥e Transtent; 124 2.0 5 10°% (1) 1.0 » W00 () 50w 1008 (s
- pus, £F5, WPIS, M
e st

Trans) 2.0 » 1070 (14) 2.5 & W08 (9) 2.8 2 1078 (8)
HARRApe it o e 1% v

and RES|S fatlures

BUY.66)H) Nupture 1.2 to 1,66 0, 2.8 2 10°% (2) 308 00°® (14) 2 w107t (1) Seal) LOCA
plus WPRS failure

1(001)L0-0y rwm:;t \9 ?c pme  2.05 05 ) wost ) oot ()
S, 2 e
mfm. one SRY fails
to close

TARIG-0y Same as above only u.h o 1ov8 (10) 3.6 n 10°8 (%) 1.0 » Wel4)
AT68 VAL enginewred
satety festure (15F)
powes bus fatly

fatlures

| T{FIAIDY Transient, anticipates 202 100 (00 do b0 (8) R [ TV RS
transiant wilthoul scram
(ATWS), Tatlure to
nitiate W15

H001 )LDy Transient 146 yOC, CWF Vod w1008 (1) 2.0 ¢ W0 (1) 2.2 % W00 (9
power bus, EFL, WPIS
fatlures

T(AILT teanstont A160 WAL, [§F w5 1008 (1) 10« 0% (1) 1.0 5 10°9 {14}
power bus, £F5, whl
farluren

T QNI Transiont 129 i, €£5F 6.5 & 108 (W) 2.0 ¢ 1o (1Y) Falt & M8 10)
power bus, EFy, RaS]S
Fatlyres

HAML Dy Trangiant 4160 vAC, ISF 2.4 x 10°% (1)) 1.4 2 t00% (1) 1.4 » W0r8 1)
power bus, LF5, WIS,
WRLTS faitures

&, Nmbers 1a (] dre sequeaca Panxing arder nushers foar sach Study baved on highist probabiiity,
B, FOM Tdeha, ASEP,
Sandia National L aharatory ASER,

= A s it —— . S DS iy Sl
e ~

RN R R R RN ORI R e RSn=R, P T T — RS SRR RN, e



Table A2

ASEP events and associated event importance

—
OW U B WP

e Bt e —
B P e

15.
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o

ASEP Event

PSSWHPO8
HSECSX42
ACHPICO8
ACSWHPO8
HSHPICO8
HSSWXH38
HSSWXA37
FSHPCMO7
HSHPLPOY
ACHPLPO9
ACSWXH38
ACECSX42
ACSWXA 37
ACSWXA36
HSSWXA36
TMHPICO8
TMECSX42
PSECSW42
TMSWXA36
ENECSX42
TMHPLPO9
TMSWXA37

!!ggrtgncc

3.3335€-01
2.4857€-01
1.9498E-01
1.8869E-01
1.5095€-01
1.2097€-01
1.2097€-01
1.1820€-01
8.6170€-02
5.3028F-02
5.1371€-02
4 9713E-02
4.9713E-02
4.9713€-02
3.1485E-02
1,3837€-02
7.2913E-03
6.6285€-03
3.1485E-03
2.9828E-03
2.6514E-05
2.6514E-05
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Table A3 Tabulation of ASEP DAS ASEP events of importance

i B ummg

CH

Hhieee

f

,
|
;
i
.
%
g
:

& & & % 3 ~ o
» <’ - & & £ < & £ S
~3 X =’ 3 x N X
S A Y A R R
- & s £ B - S s & 8
LeE-05 LOE-05 3.0E-05 2.3-05 .06 2.5 )5 2.06-05 5.66-06 2.¥-06 .40
.38
e
2.2
.
G.o% 0.0%
o.08 .08
0.2%
.29
.2 e.18 0.87 e.'s
.22 0.18 6.8
e.'8
6.8
5.1?
.73
.9
2.20
0.13
¢.08 0.04
n.0a 0.11 0.04
8.2t
0.8 0.9 0.19
0.12 O.l‘ 0.16
o.n 8.1 o.M
0.10
0.85
0.27
.00
.10 .0
a.0% 0.09
0.09 0.0%
o.08 0.%% 0.08
.00
0.38 0.08
1.00
0.50
0.50
0.2%
0.2%
0.2%
.25
+» Main eveats without { ) were not used in this study.

—_—

0.3%

0.08

e.82

0.38

0.20
0.37
o.n

0.0z

0.38

0.5%
0.38

(%)
(n
(%)

(2)

i#)
(15)
(18)
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Table A4 ASEP listing of equipment and components and unavailability for ASEP events

Ma‘'1 Event Subordinate Event Component Unavailability

HSSWHPO8 e - = 5.3E-03

*SWS0318CX~X0C~-LF--manual - 1.0E-04
valve-0C, plug

*SWS3180B-VCC~LF--motor operated .0E-03
valve-CC, failure to operate

SWS3180B-VCC~LF--motor operated .0E-04
valve,plug

*6214B-CBL~LF~--cable, open Cables .1E-03
circuit

HSRVXX46 e = 1.0E-02

*Primary relief valve failure to
reseat

HSECSX42 - v

*ECSCH4BA-CWU=-LF==chilled water Systems
unit, failure to start

*ECSCHABA-CWU-LF=-=chilled water Systems
unit, failure to run

*5254A-CBL~LF~-~cable, open Cables
circuit

*ECS5254A-B-AASF-~thermostat Instrument
failure to close

EC5602BX~X0C~LF-=manual valve-0C,
failure to remain open (plug)

ESC604BX-CCC~LF--check valve-uc,
failure to remain open (plug)

ECS601BX=XOC=LF--manual valve=-oc,
fatlure to remain open (plug)

* Asterisk indicates events used in the study.




based on ASEP report -

Plant Type: PWR

EQqu ipment /C ent/System
Plant Total T R T "_%“H‘W"“"’W'M - S
3 tvent fvent £ vent tagent if icat tan Fvent
Pleat’ ldentification wenw  Unavaiieble _ Gemeral! Description = Nesber Usavailacle _Notes
r Ane HSSuPUR i §.58-) Motor operated valie WS JIB0B-VEC-LF 4.00-)
v fatlure ty vperate
’ ARG 1 HINYXRAB 2 2082 Primary relief valve (mone ) 2.08-2
fatlure to reseat
' AND- 1 WS Saa2 3 1,562 ) way valve fatlure to ECS 6038A-DPT-(F 4.%-)
uperste
ANG -1 HSHPLR 1O 6 §.26-3 Motor apersted valve LR 1808R-VCC.LF 4,063
failure to operatse
-2 HSPORYZ0 [ B.0F-2 Power opersted relief {none ) B.08.7
valve fatlyre to reseat
|
| -2 EOPORYVZA ’ 1081 Black valve failure to (none ) 1081
l clase given PORY stuck open
, ac-2 HOSRVEDR 1 $.08-2 Fatlure and pressurizer (none) &.08-2
\ safety relief valve L0 re.
| seat
|
[ L | wSRPIL22 L U | Motar uperated vaive MP27 WS 1.08.3
‘ failure
I 1 HIAF WS 1 3. K<) Fatiyre of any single (none) 3. 163
isolat on valve between
contatoment system ang
Aux fosdwater pumps
’ $L<) WP | X0 % L Y Multiple contral vaive { none | 1, 7%}
| farlures tor buron inject
' and refusl water siorage
| supp ey
[ ANG. T W5 SRR I §. 3.7 Motor operated valve SWS 31808 veC.LF 4063
fatlure to operate
AND. | WERYXRAS F4 7.08-2 Primary reliet valve {none ) 1082
fartlure ‘o resest
AN LRSS L H ' 1,562 1 way valve fatlyre to [0S AOIBA.DPC-LF 4,063
operate
LL HSSHMPOA § 5, %2 Motur aperated valve WS 1180B-VCC-LF 4.00.1
i fallure to operate
| AND-)  WSHPLPIO o 5.1 Motar opersted valve LP1 VAORBVET-LF  ALOF.3
\ fatlure to operate
|
| 0c -2 HSPORY 20 6 B.%.2 Pawer gperated rellef { none) B.0f.2
| valve faitlure to resest
|
| a2 fOPORY A / 1. €41 Block valve fatlure to { none ) 1,080
| close given PORY stuck open
0C.3 HSSHYION ! 5.08-2 Favlure of pressurizer [ none ) 5.08.7
satety reltef valve to re.
seat
0.3 wine 1022 3 | A2 Motor operated valve LLEE T ] LNt 2% |
fallure
8.1 WOAFWALS 1 1063 Fatlure of any single { nane ) V.03
isolation valve between
containment system an.
Aux feedwater pumps
[T | P [ 5 LN Miltiple contro) valve { none | 1. %1

fallures for horon inject
and refuel water storage
supp ! ey
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Table A5. (Continued)
Plant Type: PWR

Category: Pumps

.
4 Fqu \pment /( t/System
#lant Tata)
. . Event fvent Fvent Tdent 1ficatiun Feent
7 lant Taent¥fication Rank unavailable General Description Number Unavallable Notes
-2 HSAFWZ01 ? 2.%-2 Turtine pump failure ™w.22 2.08-2
(AFw) {fatls to oporate after
24 hours)
US| WiEF SADS [ 2.%-2 Turpine pump fails to start  [FP.2 2.08-2
;mun
eed)
oc.3 ML SWB0 | $ T.4E.3 Centrifugel pump fatls to LPSH-P 18 7.26-4
{ low pressure ruh for 24 hours, vacuum
service water) pump fails to run for 'L 7.26-4
24 hours
0r.3 HSHPIC22 5 |.8E-2 Pump lube oil too viscous, LU 1.06-2
(high pressure pump hardware HP.PIC V.0€-3
inject ion)
L | ML SWA02 17 2.06-3 centrifugal pump nardware, LPSH-P3A 1,063
{low pressere Vacuum pump hardware ez 1.00-3
service water)
Sy=1 Wi TPUMD? 4 1.26.3 N0 flow from turbine pump pCYDIAZC 1082
(aFw) signals
No flow from turbine POMTURRF 1.0E-3
signals
No flow from turbine pump eEVO 183 1.06.4
signals

21
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Table A5. (Continued
Plant Type: PWR

i Category: Electrical: Cables, Circuit Breakers, Relays, Power Busses
|
|
} i t/System I e
1 Plant Total rtion o
> Event Event Event [gentif tcation Event
i Plant’  dentification Rank  Unavailable General Description Number Unavatlable Notes
b
! ANG- 1 HE SMPOS 1 6.3€-3 Cable: open clrcuit 6214 B-CBL-LF 1.0E-3
' AND-1  WSECSYaR 3 1,562 Cable: open circuit 5254 A-CHL-LF 13
[ AN ACEFSS21 4 1.2 Cables: (8 ea) open circutt  FFOACOS X-CBL-LF 1.1E-7 (a)
3 [typical)
]
AND- | W5 SWHPOS 5 S.3E-3 Cable: open circyit 6214 B-CBL-LF 1. 1E-3
| AND-)  ACEFSS2S ] 9.3-3 Cables: (7 ea) open circult  EFVVDAT X-CBL-(F 1063 (ea)
{typical)
: AND- | ACEFS524 a8 4.5-3 cables: (4 ea) open circuit  EFYVORS X-CBL-LF 1,163 (ea)
1 (typical)
) ANO-1  ACEFSS2? 8 6,463 Cables: (5 ea) open circuit  EFCRS2? B-CBL.LF 1E-3 (o)
| ANO- 1 ACHPICO8 ] 3.M-3 ontrol breakers: local HP1A406 8-800-CC 2.08-3
ault ana failure to HPTAOS B.-BOO-LF 1.08-3
B transfer
] AND- | ACSHIP08 12 3.08-3 Contro) preakers: local SWS6214 B-80D-LC 2.08-3
1 fault and failure to SWS6214 B.B0O-LF 1.06-3
4 transfer
ANO- ) ACHPLP 10 2 1.4 Control breskers: local LP18164 B-BOO-CC 2.08-3
| fault and failyre to LPI6164 B.BOO-LF 1.08-1
transter
. €Ce2 ACCC2234 15 1.3€-2 contral circuit: comtrol cv-5162 6.46-3
valve circutl fatlure CV-5208 6.88.3
Gr-3 ACWPIC22 L] 1,882 Control circuit: motor .25 6.46.3
aperated valve contryl w.2) 6.4
| circult
' 0C-3  ACHPABZ) 3 6.8 contral eireuit: motor p24 6,463
operated valve control
circuit
i 0C-3  ACMPIAZY 10 .41 control circuit: mator WP.26 6063
operated valve control
circutit
063 ACL SwAO2 12 1.8 Cantrol circuit: low LPS-P I8 .83
pressure centrifugal pump
and vacuum pump PA 1.86-3
el ACLPIB 1A 15 6.4 Control cireuit: motor LP-20 6.86.1
operated valve
o3 ACLPIALY L] 6.4E.3 Control circuit: motor e 6.40.3
operated vilve
St HSRPSAOS ] .54 Cables: (9 ea) wire faults  [TMOOD9O 1,084
y {tyyical) (ea)
1
; Su- ! HHRPSBO6 ? 9. cables: (9 ea) wire faglts  [WRO0OSO |, O8F -4
'. (typical) (ea)
w1 CMBUARG ! 3 1,004 Power busses  common mode  JADO-JBOO 1.08.2
;I fatlure
[ ] HEOC TR ) 1.08.6 Batteries: (nsuff icent ( none) 1,064 Could be con.
sower s idered human
[ errar:  charging
(LB} usgaCEo | 3 o6 Backup AC (pone ) LN B Need to def ine
power better
N-3 MK 180 Y 4 822 Cireult breaner:
fatls to Fral] l.:d
fatls to ¢ wn 1.08-4
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Table A5. (Continued)

Plant Type: PWR
Category: Instruments

Fqui t/C t/System
PO S— ______.,._.-LE."_&;@'L" e — —

Plant Tota!l
Event Event Event 1dent if icat ton Event
[l_ggi jgentification Hank  Unavailable General Description Number Unavailable  Notes

ANO- 1 HSECSH4Z 3 1.5€-2 Thermostat failure to close ECS 5254 A-B-AASF 5.48-3

Su- 1} MSHT 3404 1 2.28-2 Gas thermocouple faills TIC 1934 B 1. E-2

2



Table A5. (Continued!
Piant Type PWHR

iant wtal PorYign BF
% Event fyvont fupi Tgentifscat yan vent
’37')!7'(‘ Iwutifseatin b Unavarlar ¢ fenersl Desiriulion Nunte Unavailable Notes
ANDL | WAECSY4, } Vo5 ol RilT water systr=: fail EESCHA BA-CMWILLE 2.36.0
to start
LR HSECSH4 1.\ hill water systo: fail ELSONE BA-TWULF 1.46:2
to ryn
CC=i HOPOSROY 3 V061 Primary conlant system nor. 3 LF )
fFailure ty recover PCS
within 30 mn, af'er trip
caused by PCS Iintercuption
L& LUMBC TS 8 [ Primary coole t system (none | NV B
fatlure to continue
aperation fallgwir; trip
. WMRPS 1S \ A6 +6 Ruactor protection System: nune ) 4.0 -6
fallure to terminate
fission process ~w'tip'se;
hardware 31!
(K. 3 W06 A0 2 4 682 Diese  generator sp.ies
fails Lo run (16« 3A 5.08.2
far's to start 1,084
SE.1 UNERTWUS ! .2 Emergency vecircy . alton
cooling water syi em
failure (nome ) 1,082
SE-1 (8lna o6k -4 Horon injer L1on Lank
hedl 189 Systes ndetected [ none | 7,684

fatlye

f Qu ipment /C omponent /5 ystes
3 i L Ay




Table A5. (Continued)
Plant Type: PWR

Category: Maintenance and Test
[yimt‘t?omw_ll}_y_ﬂﬂ e
Plant Total T o PortTon Gf
. Event Event Event Tdent 1figat ton f vent
Plant [dent it ication Rank Unavatlanle Ganera! Description Number  Unavailsole Notes
CR-3 TMEFS810 2 5,504 EFR and MOVS out for MOV EFV-14 9.2-4
maintensnce MOV EFY-13 9. 764
MOV [Fy-7 9.4
(1200 .81
0C-3 ™ SWAD2 ! 8.06-2 LOw pressure pump LPoN-PIA 4083
MAINLENnAnCce vACuum punp ez 4,083
maintenance 2,681
0C«) TMPIATI L] 8,261 Motor uperatey valve main. LP§ 2.08-3
tenance pump test Lp-12 2.08-3
P17 2.16-3
LPPIA 1.9€-1
0c-3 b AP H " 8,23 Motor operaied valve main. W5 2.18-1
tenance pump test and main.  WP.27 2.0E-3
tenance WP 4.00-3
0c-3 TMPABY | 6 2.1€.) Motor operated valve main. WP.24 2.3
tenanc ¢
0g-3 TMMPABY 8 2. M3 Motor operated valve main. WP.26 2. 043
tenance
U3 TMESAT2A 16 2.1 Actuat ion train test and £50s ¢. 183
maintenance fatlure
0C.3 T™MEPALD) L} 2.0 Actuat ton train tast ang E5P% 1.1}
maintenance failure
S THAF W08 4 8.8-7 Insufficlent AFWS flow test | none ) R.88.7
and maintenance
Su-1 TMBRRBOS 3 6.06.3 fresker < losed due to main.  [CHOOOZX 6,13
tenance
Su-1! ENTPUMG? L 6.0€-1 No flow from turbine Pavanaly 1.06.3
signals maintenance fault Paveisyy J.08-1
CL-2 L AL 13 1,685 TM failures Couse resctor ( none) 1.66-5
protection system fallures
£r.2 ™ 2234 4 1.28-2 Matntenance on control cYS182 S.m-1

valves V- S208
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Table AS.

(Continued)

FQui t/Component /System
Plant Total R a
> front Event Event tdentif icat ion £ vent

Plant”  ldent:fization Rank  Unavaialle General Description Aumber Unavsilapie Notes

AND- . (s D 2.6E-5 Combined hatterics: BATCM Z.6E-5
improper charging

cc-2 ESAFWS s i 1.0€-1 Operator er-or te resture (none ) 1.0€-1
AFNS after total lose of
AT power

CC-2 FSAFNSY L) 1.0€-3 Gperstor fails to manually { none) 123E-3
initiate %S

cc-2 2%8TCMTS5 9 4.00-4 _ommon mode battery faile [ none) 4.0£-4
ure, teproper charging

€C-2 EScL223; 4§ 1.08-1 Operator fails to opan £v-1824 1.0€-1

- control valve (CV)

C-2 ENAF WS04 12 1.0£-4 Upe-ator error; nanual I 1.08-4
vilve

CR-3 ESHPCMIL] 1 8.08 - One alor ~econf igures for { none;} 8.0€-2
PR correctly

(R-3 E5LP0M17 2 Leg-2 Operatc  imitchs to rec’ c- {none) 5.0E-2
“iatio. 00 soon

CR-3 FSv-CM1a 7 1.88-2 Overator fatls tc ~Staglish {none 1.48.2
feet and bleed

CR-3 LIHPCMI3 9 B.0E-2 Qperator recon: \oures *or {none} 4.0E-2
¥04. Incorrect’y

CR-3 ESLPCW? 10 $.08-2 Operator swiichs to  ecire { none; £ .32
culation tc3 soan

CR-3 fNnPIBI2 n N2 Mancal and stos va ves 1o { none) 1.,0F-2
#rong position by anurater

0c-3 EsSLpPcMIe 2 I.k-3 Failure of operatur to {none) 3.%-3
apen sump valves at start
of recirculation common {0
pray and core cooling

0C-3 EN2SX10 3 I3 LPRS farlure: test volwes (none ) 3.06-3
n wrong position

uCc-3 ES250M09 B 3.06-3 D S suction alignment { none) 3.0£-3
imp: oper . operator failure

S5e-1 ESCMHPT3 F4 6.0E-5 Common mode “PuS failures: (none) 6.0E-3
operator align WPRS

SL-1 ENPLUGD) 3 31.06-3 Operator foilure to remove {none) 3.0€-2
plugs between containment .
chambers

SE-1 £ 50 P03 6 6.0:-3 Common mode failures of (none) 6.0£-3
HPRS: operator failure to
realign

S0 ENMy 01 7 1.0F-6 Normally open manual valves PXVTESTY 3.06-8
left open inadvertently

Su- ESHPCM50 8 2,06-3 Onerator failure to align (none) 3081
HIR suction to LPRS

AT | £S5 Lm0 £l 3.06-3 Operator failure to align (mi 3.08.3
LPRS suction to pump

Su-1 ESRCCMSS 12 3.0E-3 Operator failure to align (nore ) 3.06-3
recirculation to hotleg
after 24 hours

Su-1 (368 2 L3 302 Oprator fa'lure to align (nonel 3.06-3

LPRS sucticn to sump



Table A-5. (Continued)

Plant Type: BWR
Category: Valves

Equipment f/Component /System
PRE

Plant Total T T
. Event tvent tvent tdentification Event
Plant Jdentification Rank linavailable General Description Number Unavailable
BF-1 HSRBAOD7 12 1.0€-3 Loop 1 min. bypass valve RVMOOT7 IN 1.08-3
ooes not ¢ lose
BF-1 HSRBA30Z 12 1.08-3 Locp 7 min. bypass valve RYMO 302N 1.06-2
goes not close
66-1 HESRVR 16 3 1.0E-1 Fallure of safety/relief [none 1.06-!
to reseat
Mgl HSSRVROS 2 1.86-2 Failere of safety/relief {none) L T
to reseat
#.1 HSICMU20 13 1.76-2 1solation condenser make- { nune) 1.7%.2
up MOV fails to open
pe-1 HSE Sw506 4 1.0E-4 Hardware failure in outlet {none) 1.0€-1

piping and valves
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Table A5,

(Continued)

Plant Type: BWR

Flant Total Ty TR PRE Portion of

Category: Pumps

Equipment /Component /System

fvent Event Event Identification Event

plaot® [aentification Rank  Unavailable

General Description Number Unavailabie

(NO pumps were tdentified by ASEP/EGAG for BWRS)

28
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Table A5. (Continued)

Category: Electrical
£qut t/Compunent /System
Plant Total & m“n‘"“’“mnwsf”‘ R
x Event Event Event Jdent ification Event
Plant ldentification HRaenk  Unavailable General Description Numper unavailaple  Wotes
oF-1 ACEPDOIO 9 5.6€-3 Fircuit breaker continuous ACKB160G 2.9E-3
circuit: no output
BF-1 ACEPDOID 9 5.8F-3 Shutdown board D under- ACK 10006 2.9%-3
woltage circuit: no output
BF-1 ACEPCOIC n 5.8-3 Circuit breaker continuous ACKBIZ2CG 2.%.3
circuit: no oulput
BF-1 ACEPCOIC n 5.8E-3 Shutdown board [ under- ACK100C6 2.9
voltage circuit: no output
BF-1 ACEP3B30 11 5.86-3 rircuit breaker conlinuous  ACKBAZBG 2.%-3
circu t: "o output
BF-1 ACEPIB30 1 5.86-1 Shutdown board 3€8 under ACK 30086 2.9-3
voltage circuit: no output
66-1 RCEOSP 1A 7 2.0E-10 Failure to recover offsite {none) 2.06-1
power within 1 hour
G6-1 RCLOSPIS 9 1.0E-1 Failure to recover offsite {none) 1.06-1
power within 30 nour given
Mp.i RCLUSPIO 1 4.3 Failure to recover offsite {none ) 4.3-1
power within 1/2 hour
L HSEACYIZ 1% L Breaker fails to close AC- JACT-16-FTC 1.7€-2
L HSEACTN] 15 L% [ Breaker fails to open AC-15148-2-FTO 1.E-2
Mp. HSFarTi3 15 5.2 Breaker fails to open AC-1514C. 1-FTO 1.78-2
mp-1 RLCOSPZT ? 5.08-2 Failure to recover offsite ( none ) S.0E-2
power within 20 hours
Mp.i RCLOSPYS 8 2.88-1 Fatlure to recover offsite {none) 2.48-1
power within ¢/ hours
w.l TMHIACZY 12 4.0£-1 Local fault step-down AC-TV-XFR-LOF Z2.08-1
transformer
L CMNIACZ9 12 4.08-1 Local AC power breaker AC-1V-3-FRC 1.08-1
| fails to stay open
"Wl CMHIACZY 12 4.0¢-1 Local AC power breaker AC-TV-IF-FRC 1.08-1
I fails to stay open
' Wool  HSIACKZS 12 a0 Local AC power breaker AC-TV-1F -FRE 1.0E-1
tails to stay open
| 8F -1 THKA] 508 B Z.0E-3 4eactor meat removal (RHR)  RPS1288J 2.0E-3
I reactor low pressure
switch out of calibration
! BF-1 TMRATSOA 6 2.0-3 RMR reactor low pressure KPS 12880 2,083
‘[ switch out of calibration
| BF-1 ACRBAOD7 8 1.38-3 Flow by pass valve control  REX09716 3.3-3
i circuit no output
] BF -1 ACR@A302 8 3.36-3 Flow by pass valve control  RCKO302G 3.36-3
i circuit no output
P81 ENRPSLCM 5 1.96-6 comman mode logic failure {none) 1.9%-6
Rf> due to incorrect
calibration
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Plant Type: BWR
E quipment /C omponent /System
Plant Total 3 - b e o
5 Event Event Event Tgentif ication Event

Plant ldgentification Rank Unavailaple General Description Number ynavailanle Notes

BF-1 HSEPDOID 1 3.08-2 Diese! generator fails to ADLOO DR 3.06-2
start

BF -1 HSEPIAIA 2 3.08-2 Diesel generator fails to ADLOO3AR 3.06-2
start

8F.1 HSEPIR3B 2 3.0€-2 Diesel generator fails to ADLOO3BR 3.06-2
start

BF-1 HSEPCOIC 3 3.06-2 Uiesel generator fails to ADLOOICR 3.08-2
start

BF-1 HSEPBOIE 4 3.0E-2 Diese! generator fails to ADLOO TSR 3.06-2
start

BF-1 HSEPAOTA 7 3.06-2 Diese] generator fails to ADLOOTAR 3.0€-2
start

66-1 UNPCS1I9 13 1.08-3 PCS fails to remove heat (none) 7.06-3
within 28 hours

66-1 HMCRS322 12 5.86-4 Fatlure of any 3 adjacent {none) 5.86-6
control rods to insert

66-1 HSEAC202 14 3.0€-2 Diesel 2 fails to start {none ) 3.0€-2

GG-1 1EPPCS2Y s 1.0 Failure of PCS to provide ( none) 1.0
makeup water within
1/2 hour given TPQE
sequence

L HSEACID3 B 6.08-2 Gas turbine generator rails (none) 6.0€-2
to start

MP.1 HSEAC214 " 6.0E-2 Diese) generator fails to { none) 6.06-2
start

PB.2 PCSNOREC 4 .- No recovery of primary (none) -
coolant system

P8.2 HMCROMAS 3 5.88-6 Failure 3 adjacent control { none) §5.86-6

rod drives
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Table A-5. (Continued)

Plant Type: BWR
Category: Maintenance and Test

Equimnt/c?gnenuszstu b = o
Plant Total ortion o

- Event fvent Event Tdent if icat ion Event
plant® Jdentification Rank Unavailable General Description Unavailable Notes

PP —

66-1 RC2ANY 18 2 2,081 Fatlure to restore main- (nane) 2.1E-1
tenance of test fault within
28 hours

6.1 TMRCICIZ 3 4.08-2 RCIC normally open motor FO64-A 5.8E-3
operated valve closed
for maintenance

o
x
&

: 65-1 TMRCICT2 3 4.06-2 RCIC normally open motor FO63-4
operated valve closed
for maintenance

66-1 TMRCICIZ 3 4.08-2 RCIC normally open motor FO45-4 5.86-3
operated valve closes
for maintenance

66-1 TMRCICIZ 3 4.08-2 RCIC normally open motor FO6B-A 5.8£-3
operated valve closed
for maintenance

66-1 TMSWYADS 4 1.7€-2 SSWS motor operated valve FOOSA-A §.8E-3
normaily open s closed
: for maintenance

66-1 TMSWUB09 L) 1.78.2 SSHS pump down maintenance coolis-8 5.8£-3

66-1 TMSWUBOS 5 1.7€-2 SSWS motor operated valve FO018-8 5.86-3
normally open: closed
for maintenance

GG-1 TMSKUBOS 5 1.7€-2 SSWS motor operated valve FO058-8 5.8E-3
normally open: closed
for maintenance

6G-1 RCIANYYY & 2.3-1 Failure to restore (none) 2.3€-1
maintenance or test fault
within 28 nours

66-1 THSWYE07 10 1.2€.2 SSWS motor operated vaive FO48-8 5.8E-3
. (normally closed, must
open) is closed for
maintenance

66-1 TMSWXBO7 10 1.26-2 SSWS motor operated valve FO688-8 5.86-3
(normally o -ed, must
open) is closed for
maintenance

66-1 TMRHRBOS 13 1. 4E-2 RHR motor operated valve F0248-8 5.8E-3
closed for maintenance

66-1 TMRHRBOS 13 1.748-2 RHR motor operated valve F0038-8 5.8E-3
closea for maintenance

L TMICMVIS 6 7.71€-3 MOvs closed for test and 1C-1-MOV.-THC 2.3€-3
main 1€-2-MOV-TMC 2.3-3
13

gF-1 ENRBAOID 12 1.0€-3 Operator erryr: manual RRBOOOID I.
initiation torus cooling

G66-1 ESMRPSZ2 R} 1.08-1 Operator failure to { none) 1.0£-1
initiate SLCS or manually
insert control rods

1 661 £SADSMZ3 15 1.5€-3 Operator failure to {none) 1.5€-3
] t manually initiate ADS

3
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Table A5. (Continued)

Plant Type: BWR

Category: Maintenance and Test

Event
fgentificat ion

L2 ESMADSOY

Mp-1 ESICMm21

PE-1 ESSBLC

P8- ESHPSHAC

Plant
Event
Rank

3

EQu ipment /Compunent /System
PRA

Total Portion of
fvent jdentification fvent -
Unavailable General Description Number Unavailabie Notes
7.06-2 Operator fails to manually (none) 7.06-2
depressurize reactor cool-
ant system (RCS)
1.08-2 Operator failure to ( none) 1.0-2
manually open isolation
condenser makeup ([TM)
valve
1.0€-1 Operator fails to {none) 1.0E-1
initiate standby liquid
control system or manually
initiate control rod
insertion
3.0€-5 Operator failure to start { none) 3.06-5

any nigh pressure service
water system (HPSWS) pumps
in 24 hours

3. Arkansas Nuclear-One (ANO-1), Calvert Cliffs-Two (CC-2), Oconee-Three (0C-3), Sequoyah-One (SE-1), Crystal River-Three ((R-3),
Surry-One (SU-1), Browns Ferry-One (8F-1), Grand Guif-One (6G-1), Milistone Point-One (MP-1), Point Beach-One (PB-1),
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APPENDIX B
EQUIPMENT AND COMPONENT SELECTION METHODS FOR
ACCIDENT SEQUENCE PRECURSOR (ASP) PREDICTED SIGNIFICANT
CONTR!BUTORS TO SEVERE CORE DAMAGE

The ASP study results were used to ideantify the
e/¢c determined to be predicted significant con-
tributors to severe core damage (SCD) situa-
tions.B-1.B-2 This appendix presents the details
pertaining to the references and methods used to
make this determination. A summary of the iden-
tified ¢/¢ actions has been presented in Tables |
and 2 of the main body of this report.

Figure B-1 presents a graphic representation of
the portions of the ASP results used, and the sum-
mary listings developed, to derive the e/c listing
presented in Tables 1 and 2.

Table B-1 presents a sample of the ASP event
listings for the 1969-1979 precursors (Refer-
ence B-1). A similar listing is presented in
Reference 2 for the 1980-1981 precursors.

The importance ranking for each of the
169 precursors analyzed for the 1969-1979 period
is the significance category (SC) as shown in one
of the columns in Table B-1 which has been
excerpted from Reference B-1. The lower the SC
ranking, the higher the precursor probability (PP)
that the event will occur (example; SC = 00,
PP = lorSC = 20, PP = 0.01). No importance
ranking, was given for the 1980-1981 precursors
presented in a repori to be published in 1984.B-2
Mr. Wm. B. Cottrell of ORNL provided a prelim-
inary ranking, listing the estimated top, middle, and

References

B-1.
Report, NUREG 'CR-2497, June 1982.

bottom one-third of the precursors. B-3 For the pur-
pose of this study, the 1969-1979 precursors with
a SC ranking of 40 or greater were used, and the
top one-third (those most likely to occur) of the
1980-1981 precursors were used. It should also be
noted that the PP must be multiplied by the fre-
quency or failure probability to derive a probabil-
ity number that has roughly the same meaning as
the probability given in the ASEP results.

Exhibits B-1 and B-2 and Figures B-2 and B-3
have been excerpted from Reference B-2 to provide
examples of the detailed precursor information pro-
vided by ASP. Exhibit B-1 and Figure B-2 essen-
tially provide data and a description for the precur-
sor event that actually occurred. Exhibit B-2 and
Figure B-3 provide data and a description for the
hypothesized event that was assumed to result from
the precursor. The example presented is for the
TMI-2 accident in which core damage did actually
occur. Using the detailed information presented in
the above tzbles and figures, the e/c considered to
be primary contributors to severe core damage
situations were identified.

Table B-2 presents a summary listing of e/¢ iden-
tified as primary contributors to SCD based on the
precursor studies. Tables 1 and 2, presented in the
main body of this report, present a summary of
these lists.

J. W. Minarick et al., Precursors to Potential Severe Core Damage Accidents: 1969-1979, A Status

B-2. 1. W. Minarick et al., Precursors to Potential Severe Core Damage Accidents:1980-1981, A Status
Reporr, NUREG/CR-3591, (to be published).

B-3. W. B. Cotirell, private cor..nunication, Union Carbide Corp., June 2, 1983.
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Review ASP list for
significant precursors
significance category 240 (1969-1979)
top one-third ranked (1980-1981)
(Table B-1)

Review ASP precursor details;
o Precursor description and data
o Actual occurrence event tree
o Sequence of interest event tree
o Categorization of sequence precursors
(Exhibits B-1, B-2 and Figures B-2, B-3)

Summarize and Categorize
equipment and compcnents
associated with significant
Precursors
(Table B-2)

Summarize equipment and
compor.>nts into generic
list (Tables 1 and 2
main body)

Figure B-1. Graphic representation—ASP equipment and components selection method.
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Table B-1. Sample ASP precursors listing

Precursors listed by NSIC accession number

TABLE COLUMN HEADING 3RBREVIATIONS

ACCESS: 6 DIGIT NSIC ACCESSION NUMBER

E DATE: EVENT DATE

SEQ: SEQUENCE OF INTEREST FOR THE EVENT
ACTUAL OCCURRENCE: DESCRIPTION OF EVENT
PLANT NAME: NAME OF PLANT AND UNIT NUMBER
DOC: PLANT DOCKET NUMBER

SY:SYSTEM ABBREVIATION:

COMPXX: SYSTEM COMPONENT CODE:

O: PLANT OPERATING STATUE:

D: DISCOVERY METHOD (O-OPERATIONAL EVENT, T-TESTING)
E: HUMAN ERRCR INVOLVED (N-NO, Y-YES)

ACCESS E DATE SEQ ACTUAL OCCURRENCE

32429 690313 MSLB LO( ® ISOLAT. VALVES FAILED TO SHUT
36147 690715 LOOP REACTOR TRIP WITH LOSS OF OFFSITE POWER
39024 720125 LOOP LOSS (OF (FFSITE POWER

39380 711208 ECIT SAFETY VALVE OPERATION AFTER LOFW

44751 700427 LOFW 3 OF 4 STEAM [RUM SCRAM SENSCORS FAIL
47814 700505 ECIT DEPRESSURIZATION INCIDENT

59484 710112 LOCA SUMP ISO. VALVES CLOSED

60227 7G1204 MSLB FAILURE OF SEVERAL MSIV'S TO CLOSE
61043 710120 LOOP LOSS (F (FFSITE POWER

61434 700717 LOOP LOSS (F OFFSITE POWER

61565 710902 LOOP AND FAILURE OF A DIESEL GENERATOR TO LOAD
63129 710324 LOOP ¢ 3 ITE POWER

63144 710308 LOOP BOTH DIESEL GENER. DURING TESTING
64600 701226 LOOP BUCHANAN STATION

65757 710205 LOOP ITE POWER

65757 710416 LOCA CONTAINMENT SUMP ISO VALVES
65969 710908 LOCA LECTROMATIC RELIEF VALVE

66996 711010 LOCA ENT LOWDOWN

71694 720517 LOOP POWER

73655 720720 LOOP POWER

74242 711231 ECIT HI ODLANT L

75074 720817 LOOP LOSS LOAD

77916 721229 LOCA MALFUNCTION OF SEVERAL VALVES

78418 730202 LOCA VALVE FAILURE TO OPEN DURING TESTING
79565 721201 LOOP LOSS OF NORMAL STATION FOWER

80138 720610 LOOP FLOODING OF TURBINE BUILDING

81523 730618 LOFW FAILURE OF AFW PUMPS TO AUTO-START

e
EE%
4

I

;
2

M
:
-

I

gn
® =3

I

11
ELL
7z
EF|

“
:

I: TRANSIENT/ACCIDENT INDUCED BY ACTUAL OCCURREN. (N-NO, Y-YES)
AGEX: PLANT AGE AT THE TIM" Of THE EVENT IN DAYS

SC: SIGNIFICANCE CATEGORY

RATE: PLANT ELECTRICAL RATING IN MEGAWATTS ELECTRIC

T: PLANT TYPE (B=BWR, P=PWR)

V: PLANT NSSS VENDOR

AE: PLANT ARCHITECT ENGINEER

OPR: PLANT LICENSEE ABBHEVIATION:

CRITXX: PULANT CRITICALITY DATE

SD: PLANT INDEF INATELY SHUT DOWN

PLANT DOC SY COMPXX O DE 1 AGEX SC RATE T V AE OPR CRITXX S
IND.FOINTI 3 CB VALVEXG T Y N 2415 75 265 P B UE CEC 620802"
HAD.NECK 213 EB CKTBRKE O Y Y 752 28 575 P W SW CYA 670724
BG ROCK PT 155 EA CKTBRK E O N Y 3406 39 72 B G BX CPC 620927
[RESDEN 3 249 CC INSTRUE ON Y 312 36 794 B G SL OWE 710131
DRESDEN 1 010 IC INSTRU U T N N 3844 36 200 B G BX OWE 591015
CRESDEN 2 237 CC INSTRUE ON Y 150 36 794 B G SL OWE 700107
PT.BEACH 1 266 SF VALVEX E TN N 71 28 497 P W BX WMP 701102
DRESDEN 2 237 CC VALVEXE TN N 331 59 794 B G SL OWE 700107
[ACROSSE 409 EA REIAYX G O Y Y 1289 39 50 B A SL DLP 670711
HUMBDLTBAY 133 EA INSTRUE O Y Y 2708 21 65 B G BX PGE 630216"
PALISADES 255 EA REIAYX U ON Y 101 22 805 ¢ C BX CRC 710524
LACROSSE 409 EA CKTBRK E ON Y 1352 18 S0 B A SL DLP 670711
ROBINSON 2 261 EE ENCINE E TN N 169 29 700 P W EX CPL 700920
IND.FOINT1 3 EA RELAYX U O N Y 3068 32 265 P B UE CEC 620802"
PT.BEACH | 266 EA CKTBRK G ON Y 95 28 497 P W BX WMP 701102
PT.BEACH 1 266 SF VALVEX C TN N 165 35 497 P W BX WMP 701102
PALISADES 255 CB VALVEXG O Y Y 107 49 805 P C BX CRC 710524
MILLSTONE] 245 CC VALVEX E ON Y 349 27 660 B G EX NNE 701026
PALISADES 255 EB RELAYXG T N Y 359 32 805 P C BX CRC 710524
IND.FOINT] 3 EA ELECON E ON Y 3640 32 265 P B UE CEC 620802"
NINEMIPT1 220 CC VESSEL E O Y Y 847 36 620 B G UX NMP 690905
LACROBSE 407 EA REIAYX C O Y Y 1863 39 50 B A SL DPL 670711
OYSTER CRK 219 CH VALVEX E O Y Y 1334 37 650 B G RB JCP 690503
MA.YANKEE 309 SF VALVEX E TN N 102 3/ 825 P C S4 MAY 721023
VI.YANKEE 271 EB TRANSF E ON Y 252 32 514 B G EX WC 720324
QUAD-CTES] 254 CF PUMPXX G O Y N 236 34 789 B G SL OWE 711018
TKY.POINT4 251 SF ™ "RUB O YN 729 693 P W BX FPL 730611
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Table B-1. (Continued)

153003 791024 LOCA FAILURE TO PROPERLY POSITION VALVES AFTER TEST OCONEE 2

153164 790328 LOPW LOSS OF FEEIWATER & OPEN FORV

™I 2

153167 790926 LOOP LOSS OF STANDBY POWER SOURCE DURING PWR OFRT OCONEE 1
153167 790926 LOOP LOSS OF STANDBY POWER SOURCE DURING PWR OPRT  OCONEE 2
153333 791115 LOFW AFW UNAVAIL DUE TO MAINTENANCE AND INSPECTION COOK 1

153338 791101 LOOP INCORRECT DIESEL GENERATOR MAINT. WHILE REFUEL COOK 2
153686 791127 LOOP DG AND CHARGING PMP SUCT VALVE UNAVAILABLE BVWRVALLEY]
153810 791120 LOFW RCIC TURBINE TRIP WITH HPFCI UNAVAILABLE BRUNSW ICK1
154286 791128 LOCA ONE PMP FAILED + | DEGRADED IN CLD SHTIN SALFM 1
154639 791209 LOOP BOTH DIESEL GENERATORS INOPERABLE DVS-BESSE |
ABBREVIATIONS :

8%
H
il

|

SYSTEM [ESCRIPTION

270 SH VALVEX E
320 CJ VALVEX E
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PRECURSOR DESCRIPTION AND DATA

NSIC Accession Number: 153164
Date: March 28, 1979

Title: Core Damage and Radioactivity Release Occurs at Three Mile Island 2

The failure sequence was:
1. A condensate pump trip while at 992 power resulted in a subsequent trip of both
feedwater pumps and a consequent turbine trip and eventual reactor trip.

2, The pressurizer pilot operated relief valve (PORV) opened and stuck open.

3. Auxiliary feedwater flow to the steam generators was blocked by three improperly
closed AFW system valves. (AFW was manually initiated 8 minutes after turbine trip.)

4. Decreasing RCS pressure due to the stuck open PORV initiated High Pressure Injec-
tion at 1600 psig.

5. Increasing pressurizer level indication caused the operator to infer an increasing
pressurizer level. The operator erroneously throttled HPI flow (10-12 minutes
after turbine trip).

(see attached sheet)
Corrective action:

1. The stuck open PORV was discovered and its isolation valve closed.

2. The RCS was repressurized and a reactor coolant pump started to provide core
cooling.

3. An alternate cocling scheme was installed to permit eventual core cooling without
using the decay heat removal system, which would have required pumping highly
radioactive reactor coolant outside contaimment.

Design purpose of failed Sysitem or component:

1. The PORV provides for pressure relief for the RCS. It opens before the code safety
valves open and prevents their lifting for small pressure excursions.

2. The AFW system provides for core cooling via the steam generators when the main
feedwater system is {noperable.

3. The HPI system provides high pressure borated water to the RCS in the event of a
small break in the reactor coolant system,

tnavailability of system per WASH 1400:* AMW: 2.5 x 10:"/0 (start + 8 hours)
HPI: 1.2 x 107%/p

Unavailability of component per WASH 1400:* PORV, failure to reseat: 107%/p
,

general human error: 5 * 107°/D

- -
Unavailabilities are in units of per demand D '. Failure rates are in
wnits of per hour HR™1

Exhibit B-1. Precursor description and data
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The failure sequence was: (continued)

6. Between one and two hours after turbine trip, the operator stupped all
Reactor Coolant Pumps because of pump vibration. Due to the loss of
forced core cooling and the inability to cool the core by natural cir-
culation because of voids which existed in the RCS as a result of inade-

quate HPI flow, core damage occurred.

Exhibit B-1. (Continued)




CATEGORIZATION OF ACCIDENT SEQUENCE PRECURSORS

NSIC ACCESSION NUMBER: 153164
DATE OF LERQ:

UATE OF EVENT: March 28, 1979

SYSTEM INVCLVED reactor coolant system, auxiliary feedwater, high pressure injection
COMPONENT INVOLVFD: pilot operated relief valve

CAUSE: stuck open PORV, isoclated AFW system, operator errors related to high pressure
injection and RC pumps, human error
SEQUENCE OF INTEREST: loss of feedwater

ACTUAL OCCURRENCE: loss of feedwater and subsequent fuiled open PORV, degraded AFW

system, failed high pressure inj:ction, and RC pump trip result
REACTOR NAME: LALMLL

Three Mile Island 2
DOCKET NUMBER: 50-320

REACTO® TYPE: PWR

DESIGN ELECTRICAL RATINC: 906 Mo
REACTOR AGE: 1.0 yr

VENDOR: pgw

ARCHITECT-ENGINEERS: Burns & Roe
OPERATORS: Metropolitan Edison
LOCATION: 10 mi SE of Harrisburg, Pa.
DURATION: N/A

PLANT OPERATING CONDITION: 992 power

SAFETY FEATURE TYPE OF FA[LURE: .nadequate performance; @ failed to start;

) made inoperable; (d)

DISCOVERY METHOD: operatioual event

COMMENT: A formal LER on this event has not been received at NSIC.

Exhibit B-2. Categorization of accident sequence precursors
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Reactor at Main feedwater PORV 1ifts | Auxiliary feedwater | Decreasing Increasing Operator
99% power pump trip, loss | and sticks | flow temporarily RCS pressure pressurizer stops
and condensate | of feedwater open unavallable due to results in ievel indica- reactor
pump trip and consequent closed AFW valves HPI initiation | tion causes coolant
turbine/reactor (8 minutes) operator to pumps
trip infer an because
increasing of pump
pressurizer vibration
level and
throttle
back HPI1
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NSIC 153164 — Actual Occurrence for Core Damage and Radioactivity Release Occurs at Three Mile Island 2

Potential
Severe
Core
Damage

Yes

No

No

Yes

No

No

No - 8 minute
initiation
time ade-
quate to

prevent
core damage

No

No

T

Figure B-2.

Actual occurrence event tree,
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Table B-2. Summary: equipment and components identified as significant contributors
based on ASP report

Plant Type: PWR
Category: Valves

VFP“uFSDPTf@I‘I‘(; . I — =T g
Accession Measure
Humber Initiator Y o e Affected System
.1 I L Plaat =~ _Event =~ SC  Probability _ oc Cosponent = Event Cavse
59454 Puint Beach-| LOFw <8 1.58E-3 Sump 1solation system Valves farled shut
65757 Point Beacn-) LOFW 35 3. 168 -4 Sump i1solation system valves failed shut
1éuvws Kancho Seco LOFw 35 3. 1664 Sump isolation system Valves falled shut
153164 T™I.2 LOFw 1 1 Reactor coolant, feed- PORY stuck open after
water and auxtliary multiple trips
feedwater system
149250 Trojan usLg* 16 2.51E-2 Steam system Main steam isolation valve
farled to close; crud or
nargened packing
977 {von.2 MSL B 36 Z.51E-4 HP1: boron injection B train salve failure
fatlure
130788 Davis Besse-| Loca 29 1.29€-3 Feedwalyr anu primary Spurious signal caused trip
coglant system and underpower; PURY stuck
open
137918 ™].2 MSLB 22 6.31¢-3 Steam and instrument Instrumentation spike caused
systems reactor trip; steam reltef
stuck open
148764 Beaver valley-! MSLB 29 1.268-2 Steam system Air dampers improperly

positioned; ice formation
causes steam dump valve to
freeze in open position



Table B-2. (Continued)

Plant Type: PWR
Category: Pumps

i b haaTAR " R T e S T L s o s . i e BT e A o e e

Precursor ProbabiTity

Accessiun o Measure
Nuadier initiator Affected System
ANSIC) AL Event =~ SC.  Probabtlity < or Coeponent
#i676 Turkey Paint.) LOFm 16 2.5%.2 Fredwater system
133706 Davis Besse~| LOFN 6 ?2.51-2 Less AFN pump cantrol
11305 Farley LOFw i% t.26E-2 feedwater system
154286 Salem. | LOFN 15 3.I68-8 Safety injection system
1noperable
03 Rob inson- 7 Small 2% 2.51-1 Primary coolant system
LOca
K970% Surry ) LATR® 0 1.008-3 Reactor coplant pump

R e b LSl e e B

o Event Couse
Jvertightened pack ings
Mechanical binding

Turbine pumps fail to starl

Safety wnjectign pumps
failea

Reactor coolant pump
shaft seal failure

Pump shaft browe



Table B-2. (Continued)

Plant Type: PWR
Category: Instruments

~DFecursor Probabi Ity
Accession Measure
Number {nitiater Affected System
qsic) . ptest 0 _Geet S0 _Probability ~____or Component
138830 Rancho Seco LOFW 06 7.5 Auxiltary feedwaler
system

RS .. & <. S

Non-nuc lear instruments
cause insufficient flow
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Table B-2. (Continued)

Plant Type: PWR

Category: Electrical: Controller, Fuses, Breakers, Relay and Cables

Precursor Probabilily
ACCess on Measure
Number Inttiator Affected System
(NSIC) plant Event SC _Probability or Cumponent fvent Cause
91676 Turkey Point-} LOFW 16 2.50E-2 feedwater system Malfynctioning controller
133706 Davis Besse-| LOFw 1% 2.51€-2 LOsSS AFW feedpump Blown fuses: controlier
cantrgl pawer
61565 Palisades LOoP 22 6.31-3 Site power Failed relay cause tripped
61757 Point Beach-! LOo® 28 1.58E-3 Site power Breaker opening line
71694 Palisades LOOP 32 6.31£-4 Site power Spurious relay operation
82198 Turkey Point-3 100 39 1.26€-4 Site power unconnected wire (cable)
85370 Ginna LOuP 28 1.58€-3 Site power Line trip gue to high
generated power
93702 Turkey Point-4 LO0P 32 6.31E-4 Site power Sneak circuit and isolated
start.up transfer
97578 Palisades LOO¥ 33 5.016-4 Site power Spurious relay operation
125563 St. Lucie-] LOOP 34 3.988-4 Site power Grid disturbances
128935 Ft. Cathoun LooP 2 6.31E-4 Site power Defective relay reset
mechanism
132943 Palisades LooP 32 6.31E-4 Site power "R bus de-energized
132958 Palisades LooP 32 6.3-4 Site power “R* pus de-energized
137543 Calvert Cliffs-1 LOOP 23 5.00E-3 Site power Switch yard protective relays
140335 Beaver valley-1 Loop 23 5.0¥-3 Site power Main transformer faults anc
improper relay operation
152187 St. Lucie-] LooP 25 3.16E-3 Site power Switch yard failure
152951 Davis Besse-1 LooP 36 2.51-4 Site power Switch yard fatlure
103207 Turkey Point-4 LOOP 39 1.26E-4 Emergency site power Diese) generators failed to
1039; breaker and relay fail
150882 Crystal River Loor 30 1.00€-3 Emergency site power Diesel trip during test;
reactive loag ymbalance
141097 ™!.2 Small 20 1.00€-3 primary coolant system Inverter failure; open PORV
Loca
97107 1ion-2 mSLB 36 2.51E-8 HP1; boron injection A train power supply failure
failure
pressure relter systems signal caused plant shuldown,
primary relief stuck open
during plant depressurization
161906 Quad Cities.? LOFW - . RCIC anc WPCT systems Faulty torque switch on RCIC
\noperab le discharge isojation valve.
011 leak in WPCI turkine stop
valve
166082 Brunswick.? LOFw .. .- HWP(] system valve RCIC HPC1 injection valve failed
system speed control in open position; failed
windh.gs resistor failed in
RCIC speeg control governor
47



Table B-2. (Continued)

Plant Type: PWR
Category: Maintenance and Test

Event Cause

Precursor Probabitivy
Accession Measure
Number initiator Affected System
_ANSIC) Plant Event SC Probacility or_Component
90421 Point Beach-) LOFw 16 2.51-2 Feedwater systems
108078 Kewaunee LOFW 16 2.50€-2 feedwater syitems
64600 Indian Point.) LooP 32 6.30-4 System substation
transformes

o3 Oconee-3 LOOP 40 1.00€ -4 Congenser system
120293 Hatch- 1 ' LooP 30 1.00€-3 plant service water
183333 Cook- 1 LOFw 40 1.00E-4 Auxtliary feedwater

Clogged strainers
Clogged strainers

Single transformer tripped
during inspection of second
transformers; procedures
changed

Discharge select valves
improper ly positioned:
inadequate procegures

Plugged strainers (strainer
drive motors also fatled)

Motor control center was
removed for service
inspection while AFW pump was
cut of service for repair



Table B-2. (Continued)

Plant Type: PWR

ACCESS tor

Number

{NSIC) ¥

52563 Praire |siang.!

?lant

Category: Systems and Miscellanecus Hardware
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Table B-2. (Continued)

Precursor Probability

Accession Measure

Number inmitiator Affectec System

(NSIC) plant Event SC Probadility or Component Event Cause

78418 Maine Yankee LOFw 34 3.986-4 Charging system Tce formation causes charging
pump valves to fail open

117944 Millstone-2 LooP 32 6.30E-4 Site power Hurrican and salt spray

13011 Cook-1 LOoP 1% 1.26E-4 Site power Multiple lightening strikes

130119 Palisades LooP 32 6.31€-4 Site power Electrical storm

135006 Farley LOooP 3z 6.016-4 Site power Lightening strike caused
relay operation

143219 Indian Point-3 LOOP 3 5.01E-4 Site power Severe electrical storms



Table B-2. (Continued)

Plant Type: PWR
Category: Human Error

“Precursor Probability

Accession ___Measure
Number Initiator o Affected System
(NSIC) Piant Event 5 Probabiiity or Component Event Cause
13730% Farley L s 19 1,068 -2 Feegwaier system Open bypass valve; turdbine
pump plusding
81523 Turkey Point-4 LUFW 29 1.26€-3 Feedwater system Fuses nut installed
153164 ™-2 LOFw 00 1 Auxiliary feedwater Erronecusly closes valves
System
151164 ™ .2 LOFw 00 H Wigh pressure injection Flow incorrectly reguced
system
132927 Davis Besse-1 LOOP 29 1.266-3 Site power Prematurc manual transfer
13955 St. Lucie-1 LooP 23 5.0-3 Site power Improper switching and
connections
63144 Rodbirson-2 LOooP 29 1.268-3 Emergency power Diese] generator didn't run
due to instrument ré.routing
116212 Millstone.2 LooP 20 1.00€-2 Emergency power Safety busses failed to loa¢
due to incorrect undervoltage
set points
14520% Fort Calhoun Small k¥ Z2.00E-4 Primary coolent Technician removed fuses
LOCA during trouble-shooting;
causes open PORV
36147 Hadoen Neck LOOP 28 1.58€-3 Reactor system; trip Brocedural error caused trip
11587% Connetticut Yankee LOOR 2% 1.268-3 Site electrical saintenance switching caused
. spurious signal
123116 Rancho Seca LOFw 36 Z2.50E-4 Auxiliary feedwaler Failure to properly reset AFW
pump breaker
127284 Lion-2 LOCA 29 V.26E-3 Reactor protection System logic test dusmy loads
system improper; procedures changed
146744 Dav's Besse-! LOFW 30 1.006-3 Hydrogen anaiyzer Accidental grounding of
system electrica) system causes loss
of vital bus and trip
148764 Beaver valley.! MSLB 23 V.26E-3 Steam dump and heater lce formation causes steam

drain

]|

duro valve to freeze open;
air dampers improperly
positioned



Table B-2. (Continued)

Plant Type: BWR

Category: Pumps

Accession

Number initrator
_(NSIC) Plant Event
105540 Quad Cities.? LOCA
106333 Quad Cities.? LOFW

B e

SC

8

_ Measure

Probability_

1.60€-4

Affecteg System
gr_Component

fvent Cause

Feedwater system pump
and piping

Reactor core isolation
cooling and high
pressure coolant
injection systems

Extreme feedwater pump
vibration caused suction line
pipe fitting breakage

Fatled auxiliary lubrication
o1l pump 1ine
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Table B-2.

(Continued)

Plant Type: BWR

Category: Valves

Accestion
Nusber

_(NSIE)

6699¢

17916

#5738

106615

115870
120439
120443

124222
128569

149961
158229

160497
160559

160926
123150
142462

152183

e Mant

Milistone-1

uyster (reek

Browns Ferry-|

Prigrim. |

Vermont ¥ inkee
Quad Cities !
Ouad Cities

Duane A=nold

Brunswick-2

Hatch.)

Dresdes.3

oilgr v

Piigrim-i

Pilgrim. |
Crysta) River.]
Selem. |

Hadden Nech

1ait ator
_Bapnt

LOCK

Loga

oA

LOFW

LF N

LOFW

Loca

LOFW
LOFw

Loca

LOCA

S

e?

30

13

28

rd

27

(4]

23

kL]

Precursor ProhapiTity

Probability

Affected System
or Component

gvent Cause

2,003

2.00E-4

3.205-4

[ 60E-3
5.00¢-4
1.606-3

1. 60€-3

«U0E-3

1.29€-3
5.0:7:3

¢.51E-4

P | S

Reactor coolant and
turbine systews

#eaclor coolant ang
generator monitoring
protect ive system
Aeactor core isolation
copling and high
yressure conlant
1agertion systems
Reactor coolant and
steam supply systems
Automat ic depressuri-
zation system failure

Automat ic depressuri.
zation system failure

Automa’ic depressuri-
zatia) system failure

None: Dbe.ch tests

Turtine, reactor, and
reactor coolant systems

RCIC and woCl systems

Scras 17charge system

Reactor coolant system

feactor coolant system

Teactor coolan, and

Steam system

Electrics,, RCS, and AFW

RC system and pressure.
\zer

Tyurbine control system
maifunctioned: primary
relief valve stuck open

Human error caused reactor
scram and relief valve to
stick open

RCIC steam supply valve
fallure to open during
startup test

Turbine trip on reactor shut-
down; resultant reactor trip
and relief valve stuck open

Failure of air operators
on relief valves

Electromatic relief valves
fail to open

Flectromatic relief valves
fail to open

6 each main steam relief
valves failed to open during
bench tests

Safety relief valve failed
1o close during pressure
contral

Fatled turbine stop valve

Level detector switch failure
and vent check valve failure

High pressurs setting on, and
leak thry solenoid uiu
cau primary reltef valve
to open and leakage from RCS

Nitrogen pressure requlator
frozen in open position
causes RCS relief valve to
open and leakage from 2(S

Main steam line high radiation

Inverter B oulput divide
failed caused steam dump

failure of outpul transformers
and resistors

Pressurizer pressure
controller failed:
pressurized PORV opened



Table B-2. (Continued)

Plant Type: BWR
Category: Instruments

Precursor Probability

Accession Measure
Numpe~ Initiator Affected System
(NSIC) Plant Event SC Probability or Comp t Event Cause
150499 Hatch.2 LOFw 36 2.506-4 Steam supply, HPC! and During test wPC1 and RCIC
RCIC systems were ‘solated because 4P
switch was set too high
158229 Dresden-3 LOFW - - Scram system vent check valve and level
switch mechanical failures
163478 Hatch. 1 LOFw == .= HPC1 speed controller Erronecus high water level
and RCIC trip switch signal for reactor tripped
and relay feedwater pumps subsequently

resuiting in scram
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Tabie B-2. (Continued)

Plant Type: BWR
Category: Eiectrical: Fuses, Connectors

}
|
;

.
e A n Rt Pricersor Jeosapitiey T e e B = A
AcCessiun Measur &
tumper LJtiator Affected System L

» (Nsi1c) Plant fvent = 8¢ _[robability ___or Component Event 7ause
II 128906 Cooper e % 1.206-2 Electrical power, feec- Blown fuses on “no break”
3 waler, HPCI, and RCIC power panel; HPCI guvernor
' systems not functioning
l 15380 Brunswick- | LOFW 2% 3.2%-4 Reactor, RCIC, HPCI, and Cracked electrical connector

A turdine on turdpine tachometer

.
|
;
)
|
|
!

bl

-
}
]
i
|
|
i
’ >
i
I
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Table B-2. (Continued)

Plant Type: BWR

Category: Maintenance and Test

Precursur Probability

Rccession Measyre
Numtier Initiator
(NSIC) ?lant E f vent 3 _Probability
163408 Srowns Ferry-3 LOFN ou -
163478 Hatch- 1 LOFW e o
166072 Brunswici- | LOCA . e
85566 Browns Ferry-| Loor 25 3.20-4

Affected System

—.or Component

Reactivity control;
scram discharge volume

HPCT speed controller
RCGIC trip switch and
relay

Service water system

RCIC ano WPCI systems

- Event (ause

Approximately 76 control rods
failed to insert fully on
scram due to poorly designed
scram discharge volume level
switch system

HP(1: turbine speed
controller out of calioration;
caused high steam aP; ROIC
limit switch and/or relay
faulty

Sea life {oyster shells)
cloggeu water intake duct

AC power loss during shuldown
due to poor electrical power
tripping logic. Poor design



Table B-2. (Continued)

Plant Type: BWR
Category: Systems and Miscellaneous Equipment

Br rsor ProbabiTity
: 5 ¥ Measur
Numper 1AL 1ator Affectes System
NS1 Plant Event Probabiiity or mponent
N tems in th ategory Vdentified for BwRs)
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Tabie B-2. (Continued)
Plant Type: BWR

Category: Human Error

ACCess on

Number fnitiator
(NSIC) Plant £ vent
116780 Millstone- 1 LOOP
160497 Pilgrim.] M5LE
86990 Nine Mile Point.) Loop
102146 Brunswick-2 LOGP
101444 Browns Ferry.1 LOFW
83833 Oyster Creek LooP

Frecursor Probability

Measure

SC

28

39

39

37

Probatility

Affected System
or Component

fwent Cause

1.80€-3

2.08-4

58

flectrical power system

Reactor coolant system

flectrical power system

flectrical power system

Electrical distribution

Electrical power system

LOOP due to salt putldup on
lwnes and insulators.
Subsequent trip due to
auxtliary generators out of
phase

Pressure setting on solenoid
valve to RCS reltef valve too
high; relief opened causing
RCS leaxage

Flectrician bumped relay in
auxiliary control room
causing 1t to open ana a LOOP
for 10 secono auration

230 XV busses Uied
incorrectly causing LOOP: tie
corrected

Cable tray fire causes
anoma lous contrel and
instrument behavior.
Operator scrams reactor.
Fire due to inspection of
cabling.

Differential relay on
4160 VAC bus improperly set
guring maintenance
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Table B-2. (Continued)
Plant Type: BWR

Category: Weather
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